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1. Proposal Title: Morning surge and incident cardiovascular disease and all-cause mortality in African Americans: the 
Jackson Heart Study 

 
2. Lead Author: John N. Booth III (coauthors: Marwah Abdalla, Mario Sims, Tanya Spruill, Mark Butler, Paul Muntner, 

Daichi Shimbo [senior author]) 
 

3. Overview 
Provide a brief overview of the proposal including the nature of the problem to be addressed, scientific relevance, 
objectives/aims, research question/hypotheses, and methods/analytical plan (<250 words): 
In healthy individuals, blood pressure (BP) has a diurnal pattern with the highest levels while awake and lowest 
while sleeping.1 While transitioning between being asleep and awake, the natural phenomenon of morning surge 
occurs wherein BP levels increase from the two hours pre-awakening through the two hours post-awakening.2 
Larger differences in the pre-awakening and post-wakening BP components of morning surge have been associated 
with increased risk for cardiac, coronary and cerebrovascular events and all-cause and CVD mortality among Asians, 
Europeans and South Americans.3 However, this association has not been studied in African Americans, a population 
in which 50% to 60% of adults have asleep hypertension.4 Given a smaller magnitude of morning surge results when 
the pre-awakening and post-wakening BP components are similar, high asleep BP levels in African American may 
preclude a substantial increase in the BP when transitioning between being asleep and awake. Therefore, the 
prognostic importance of morning surge for assessing CVD risk in African Americans is unclear. We propose to 
evaluate the association of morning BP surge, and each component of morning BP surge, with CVD events and 
mortality in the community-based Jackson Heart Study cohort comprised exclusively African Americans.2 As there is 
no consensus on how to define morning surge, the current study will evaluate three definitions and, separately each 
component of the defintions.2 These data will provide evidence of whether morning surge, and the individual 
components, are useful for assessing CVD risk in African Americans. 
 

4. Background/Rationale 
Please include discussion on relevance of African Americans to the proposed topic (<1000 words). 
There are well-known racial/ethnic differences in hypertension and cardiovascular disease (CVD) in the United 
States.12 African Americans have a higher prevalence and more severe hypertension compared with whites.12  Also, 
achieving blood pressure (BP) control with antihypertensive medication is less common in African Americans than 
whites.12 Further, the risk for CVD is substantially higher among African Americans compared with whites.12  
 
Higher BP levels are associated with CVD events1 In healthy individuals, BP levels are highest while awake and lowest 
while sleeping.1 In the transition between being asleep and awake, a natural phenomenon called morning BP surge 
occurs. During the morning surge, BP levels increase from the two hours pre-awakening through the two hours post-
awakening.2 Larger differences in the pre-awakening and post-wakening BP components of morning surge have 
been associated with increased risk for cardiac, coronary and cerebrovascular events and all-cause and CVD 
mortality among Asians, Europeans and South Americans 3 However, this association has not be studied in African 
Americans, 
 
The prevalence of asleep hypertension is between 50% and 60% among African Americans compared with a 
prevalence less than 30% among whites. Given a smaller magnitude of morning surge results when the pre-
awakening and post-wakening BP components are similar, high asleep BP levels in African American may preclude a 
substantial increase in BP when transitioning between being asleep and awake.  Therefore, the prognostic 
importance of morning surge for assessing CVD risk in African Americans is unclear. We propose to evaluate the 
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association between morning surge in BP and risk for CVD events and mortality in the community-based Jackson 
Heart Study cohort comprised exclusively African Americans.2 Since there is no consensus on how to define morning 
surge, we will determine the associations using three definitions: sleep-trough morning surge (i.e., average BP 
during the 2 hour period after awakening minus the lowest BP while asleep.), pre-awakening morning surge (i.e., 
average BP during the 2 hour period after awakening minus the average BP during the 2 hour period immediately 
prior to awakening), rising BP surge (i.e., first BP after awakening minus the last BP before waking up) .2 Observing 
different association for each of the definitions may demonstrate the most useful approach for clinicians to quantify 
morning surge to evaluated CVD risk in African Americans. Also, we will determine the association of the 
components of each morning surge definition (i.e., average BP over 2 hours post-awakening, the lowest BP while 
asleep, average BP during the 2 hour period after awakening,  first BP after awakening, last BP before waking up) 
with CVD and mortality. Results from the current study will provide evidence of the importance of measuring 
morning surge, and the individual components, to assess CVD risk in African Americans.  

 
5. Research Hypothesis 

***All approved JHS manuscript proposals were reviewed. We did not identify a prior approved proposal with 
overlapping aims. 
 
Primary Aims  
1a: Determine the percentage of participants cross-categorized by tertile for each type of morning BP surge (i.e., 

sleep-trough morning surge, pre-awakening morning surge, rising BP surge). We hypothesize that a high 
percentage of participants will be cross-categorized into the same tertile (i.e., concordant cells) of morning 
surge. 

1b: Determine the percentage of participants cross-categorized by tertile for each component of morning BP surge 
(i.e., average BP over 2 hours post-awakening, the lowest BP while asleep, average BP during the 2 hour period 
after awakening,  first BP after awakening, last BP before waking up). We hypothesize that a high percentage of 
participants will be cross-categorized into the same tertile (i.e., concordant cells) of each component of morning 
surge. 

 
2a: Compare the association of each type of morning surge (i.e., sleep-trough morning surge, pre-awakening 

morning surge, rising BP surge) with incident CVD and mortality, separately. We hypothesize that higher tertiles 
of each type of morning surge will be associated with increased risk of CVD and mortality.  

2b: Determine the association of each component of morning surge (i.e., average BP over 2 hours pre-awakening, 
average BP over 2 hours post-awakening, lowest nighttime BP, last pre-awakening BP, first post-awakening BP) 
with incident CVD and mortality, separately. We hypothesize that higher tertiles of each component of morning 
surge will be associated with increased risk of CVD and mortality.  

 
Secondary Aim: Determine the association of each component and type of morning surge with incident CVD and 
mortality, in subgroups defined by sex, age (i.e., < 65 and ≥ 65 years old), use of antihypertensive medication, clinic 
BP level (i.e., <120/80, 120-129/<80, 130-139/80-89, ≥140/90 mm Hg) and history of CVD. 

 
6. Inclusions/Exclusions 

Analyses will include participants who: (1) underwent 24-hour ABPM at Exam 1, (2) have complete information on 
self-report sleep and wake times, (3) meet the International Database of Ambulatory Blood Pressure in relation to 
Cardiovascular Outcome (IDACO) criteria for a complete ABPM (≥10 awake and ≥5 asleep BP measurements14) and 
(4) have a minimum of 3 pre-awakening (i.e., in the two hour prior to awakening) and 3 post-awakening (i.e., in the 
two hours after awakening) ambulatory BP measurements.  
 

7. Statistical Analysis Plan and Methods 
 
Exposure definitions: 
 Primary Aim 1 (types of morning surge): 
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1. Sleep-trough morning surge – average BP during the 2 hour period after awakening minus the average of the 
three BP readings centered on the lowest reading while asleep. 

2. Pre-awakening morning surge – average BP during the 2 hour period after awakening minus the average BP 
during the 2 hour period immediately prior to awakening. 

3. Rising BP surge – first BP after awakening minus the last BP before waking up. 
 
Primary Aim 2 (components of morning surge): 
1. Average BP over the 2 hours immediately prior to awakening. 
2. Average BP over the 2 hours immediately after awakening. 
3. Average of the three BP readings centered on the lowest reading while asleep. 
4. Last BP before waking up. 
5. First BP after waking up. 

 
Outcome definitions: 
Primary outcome: CVD events (coronary heart disease or stroke).  We anticipate too few events to study 
coronary heart disease and stroke, separately. 
  
Secondary outcome: all-cause mortality.  

 
Analysis 
A histogram of the distribution of participants’ sleep-trough, pre-awakening and rising morning systolic BP surge will 
be plotted using 5 mmHg bins. Next, for each morning BP surge exposure (i.e., sleep-trough, pre-awakening and 
rising morning systolic BP surge), participants will be grouped into tertiles (tertile 1: low, tertile 3: high). The 
percentage of participants who are cross-categorized by tertile of each type of morning systolic BP surge will be 
calculated. Participant characteristics will be calculated by tertile of each type of morning systolic surge. The 
cumulative incidence for cardiovascular disease adjusted for the competing risk of death associated with each tertile 
of each type of morning systolic BP surge will be plotted. Competing risks Cox proportional hazards regression using 
the Fine and Gray approach will be used to calculate hazard ratios for CVD associated with Tertile 2 and 3 versus 
Tertile 1 of each type of morning systolic BP surge, separately. An initial model will include adjustment for age, male 
sex, education less than high school, body mass index and current smoking status (Model 1).  A second model will be 
further adjust for diabetes status, estimated glomerular filtration rate < 60 mL/min/1.73 m2, albumin to creatinine 
ratio > 30 mg/g, sleep duration, antihypertensive medication use and clinic systolic BP (Model 2). Model 3a will 
include the variables in Model 2 plus mean 24-hour systolic BP. Model 3b will include the variables in Model 2 plus 
the percentage systolic BP decline calculated as one minus the ratio of the mean asleep to mean awake BP level. If a 
graded association is present across higher tertiles of each type of morning surge and CVD events, the association 
with each type of morning surge will be modeled as continuous variables (e.g., per each 10 mm Hg higher systolic BP 
and 5 mm Hg higher diastolic BP). If the association is non-linear, the association of each type of morning surge, with 
CVD will be evaluated in a model using restricted quadratic spline terms. All analyses will be repeated for the types 
of morning diastolic BP surge and also each component of morning surge using systolic and diastolic BP, separately, 
as the exposures. For analyses wherein the exposure of interest is diastolic BP-related, covariates will include 
diastolic (i.e., 24 hour diastolic BP, percentage diastolic BP decline) instead of systolic BP measures. Also, all analyses 
will be repeated for the secondary outcome, all-cause mortality. We will repeat each analysis within subgroups 
defined by sex, age (i.e., < 65 and ≥ 65 years old), use of antihypertensive medication and clinic BP level (i.e., 
<120/80, 120-129/<80, 130-139/80-89, ≥140/90 mm Hg) and history of CVD. Missing values will be imputed with 10 
data sets using chained equations. 
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