
J:\ARIC\Operations\Committees\Publications 

ARIC Manuscript Proposal #3960 

PC Reviewed:  11/9/21 Status: _____ Priority: 2 
SC Reviewed: _________ Status: _____ Priority: ____ 

1.a. Full Title:  Electrocardiographic deep terminal negative of the P wave in V1 and risk of
ischemic stroke

b. Abbreviated Title (Length 26 characters): DTNPV1 and stroke

2. Writing Group:
Writing group members: Mingfang Li, Yuekai Ji, Youmei Shen, Wendy Wang, Elsayed Z.

Soliman, Minglong Chen, Lin Yee Chen, others welcome. 

I, the first author, confirm that all the coauthors have given their approval for this manuscript 
proposal. __M.L.___ [please confirm with your initials electronically or in writing] 

First author:   Mingfang Li MD 
Address: Division of Cardiology 

The First Affiliated Hospital of Nanjing Medical University 
300 Guangzhou Road 
Nanjing 210029, P.R.China 

Phone:  86-25-68303115 Fax:  N/A 
E-mail:  mingfangli@njmu.edu.cn

ARIC author to be contacted if there are questions about the manuscript and the first author 
does not respond or cannot be located (this must be an ARIC investigator). 
        Name:  Lin Yee Chen, MD, MS 

Address: Cardiovascular Division 
Department of Medicine 
University of Minnesota Medical School 
420 Delaware Street SE, MMC 508 
Minneapolis, MN 55455 

Phone:  612-625-4401  Fax:  612-624-4937 
E-mail:  chenx484@umn.edu

3. Timeline: Statistical Analysis: 1 month
Manuscript Preparation: 2 months 



J:\ARIC\Operations\Committees\Publications 
 

 
4. Rationale:  
 

Arial fibrillation (AF) is independently associated with stroke, accounting for one in five 
ischemic strokes1,2. However, findings from recent studies have suggested that AF might not be 
the principal driver for left atrial thrombogenesis and cardioembolic stroke3. Atrial myopathy—
manifesting as atrial fibrosis, electrical and autonomic remodeling, and a pro-thrombotic state in 
the atrium—elevates thromboembolic risk independent of AF3. P-wave indices on 12-lead ECGs 
are used to characterize atrial electrical activity. Abnormal P-wave indices, including advanced 
interatrial block4, abnormal P-wave terminal force in V1 (PTFV1)5, and abnormal P-wave axis6, 
have been shown to be independently associated with ischemic stroke. Electrocardiographic deep 
terminal negative of the P wave in V1 (DTNPV1) is a simplified ECG metric of abnormal PTFV1, 
reflecting the underlying left atrial remodeling. However, the association of DTNPV1 with the risk 
of ischemic stroke is not well established. We hypothesize that DTNPV1—a routine and simple 
measure on 12-lead ECGs—would predict the risk of stroke in the general population secondary 
to cardiac thromboembolism. 
 
5. Main Hypothesis/Study Questions: 
AIM: Evaluate the association of DTNPV1 with ischemic stroke 
Hypothesis: DTNPV1 will be significantly associated with an increased risk of ischemic stroke 
and cardioembolic stroke independent of AF and other stroke risk factors. 
 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
Study population: We will include all participants at the baseline visit (V1). We will exclude 
those with prevalent stroke, missing covariates, and missing ECG data or uninterpretable ECG 
due to AF. 
 
Exposure 
DTNPV1 will be defined as the absolute value of the depth of the terminal negative phase >100 
µV in the presence of biphasic P wave in V1. 
 
PTFV1 will be defined as the duration (ms) x the absolute value of the depth (µV) of the downward 
deflection (terminal portion) of the P-wave in lead V1. Abnormal PTFV1 is defined as ≥4000 
µV*ms similar to previous ARIC papers. 
 
Outcome 
Potential cases of stroke will be identified by annual phone interviews, and review of hospital 
discharge records and death certificates. Each case will be classified in accordance with criteria 
from the National Survey of Stroke by a computer algorithm and physician reviewer as previously 
described7. Discrepancies will be reviewed by a second physician. All definite thrombotic strokes 
will be classified as lacunar or nonlacunar stroke8.  
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For our study, the primary outcome will be definite ischemic stroke, which includes all definite 
thrombotic stroke and all definite cardioembolic stroke. The secondary outcomes will include 
definite thrombotic stroke, definite cardioembolic stroke, definite thrombotic lacunar strokes and 
definite thrombotic nonlacunar stroke.  
 
Statistical Analysis 
Follow-up will be defined as time between the baseline exam until the date of ischemic stroke, 
death, or end of follow-up (through 2019). We will use Cox proportional hazards models with 
DTNPV1 as a time-dependent exposure variable to estimate hazard ratios and 95% confidence 
intervals of DTNPV1 for incident ischemic stroke, thrombotic stroke, cardioembolic stroke, 
lacunar stroke, and nonlacunar stroke. In order to compare the results of DTNPV1 to the results of 
abnormal PTFV1, we will estimate the association of abnormal PTFV1 with every outcome using 
Cox proportional hazards models. 
 
We will construct 5 models. 
 
Model 0: An unadjusted model 
 
Model 1: Adjusted for age, sex, race, study center 
 
Model 2: Model 1 additionally adjusted for smoking, body mass index, systolic and diastolic blood 
pressure, diabetes, coronary heart disease, left ventricular hypertrophy, heart failure, use of aspirin, 
and use of anticoagulants 
 
Model 3: Model 2 additionally adjusted for use of other medications, including antihypertensive 
medications, anti-diabetic medications, and statins. 
 
Model 4: Model 3 additionally adjusted for time-dependent AF 
 
For all the outcomes, we will also consider restricted cubic spline regression to evaluate the 
association with outcome across the continuum of the amplitude of the terminal negative phase in 
V1 and PTFV1. 
 
7. a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes    __ x__ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”  
and/or “Not for Profit” ? ____ Yes    __ x__ No 
(The file ICTDER has been distributed to ARIC PIs, and contains  
the responses to consent updates related to stored sample use for research.) 

 
8.a. Will the DNA data be used in this manuscript? ____ Yes    _x__ No 
 



J:\ARIC\Operations\Committees\Publications 
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