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Abstract

Background: Hypertension is a risk factor for the development of cardiovascular
disease. Whether serial blood pressure (BP) measurements are more closely as-
sociated with subclinical left ventricular (LV) remodelling and better predict risk
of cardiovascular events over individual BP measurements are not known.
Methods: We assessed systolic BP, diastolic BP and pulse pressure at several
time points during adulthood in 1333 women and 1211 men participating in the
Akershus Cardiac Examination 1950 Study. We defined serial BP measurements
as the sum of averaged BPs from adjacent consecutive visits indexed to total ex-
posure time between measurements. We assessed the associations between serial
and individual BP measurements and (1) LV structure, function and volumes and
(2) incident myocardial infarction, ischemic stroke, heart failure and cardiovas-
cular death.

Results: All indices of higher serial BP measurements were associated with in-
creased indexed LV mass, and the associations were stronger than those of indi-
vidual BP measurements. Serial diastolic BP pressure was strongly and inversely
associated with LV systolic function, while higher serial systolic BP was primar-
ily associated with higher LV volumes. Both serial systolic (incidence rate ratio
[IRR] 1.10, 95% CI 1.03 to 1.17) and diastolic BPs (IRR 1.14, 95% CI 1.02 to 1.27)
were associated with increased incidence of clinical events.

Conclusion: In healthy community dwellers without established cardiovascular
disease, different serial BP indices associate strongly with LV remodelling and
cardiovascular outcomes. Whether the use of serial BP indices for guiding treat-
ment is superior to individual measurements should be explored in additional
prospective studies.

ClinicalTrials.gov Identifier: NCT01555411.
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1 | INTRODUCTION

Arterial hypertension is one of the strongest risk factors
for cardiovascular disease, especially pertaining to the
development of myocardial infarction, ischemic stroke
and heart failure." Most established cardiovascular risk
prediction tools incorporate systolic blood pressure (BP)
in their algorithms, including the most recent European
Systematic COronary Risk Evaluation (SCORE) model.?
Diastolic BP may complement systolic BP in cardiovascu-
lar risk prediction but is more challenging to interpret due
to its nonlinear association with outcomes.”> The derived
BP variable pulse pressure* associates with cardiovascular
risk, but the results are more conflicting compared to sys-
tolic BP. In addition, current cardiovascular risk models
only use information from BP measurements taken at a
single time point, despite most subjects commonly having
repeated BP measurements.

Apart from hypertensive emergencies, high BP is a
chronic condition that, over time, can have detrimental
effects on organ structure and function, including the
heart.” Repeated BP measurements, quantified together
as serial BP measurements, may better incorporate total
risk and therefore associate more closely with end-organ
damage than individual BP measurements. One import-
ant parameter for subclinical cardiovascular disease is left
ventricular (LV) hypertrophy, and only population stud-
ies with serial, validated BP measurements and detailed
cardiac imaging can provide information on the value
of serial BP measurements prior to the development of
symptomatic cardiovascular disease. In addition, long
follow-up time is required, as the progression from sub-
clinical cardiovascular disease to symptomatic conditions,
such as myocardial infarction and heart failure,® takes
many years. Accordingly, in this study we hypothesized
that serial BP measurements are more closely associated
with subclinical LV remodelling and incident cardiovas-
cular events than individual BP measurements. We tested
this hypothesis in a large prospective, population-based
cohort with BP measurements for up to 40years, detailed
echocardiography of all participants at age 62-65years,
and with longitudinal follow-up for clinical outcomes.
Results from such a detailed investigation on the interplay
between chronic pressure overload, cardiac remodelling
and risk of detrimental cardiovascular outcomes could lay
the foundation for novel clinical trials aimed at tailoring
preventive therapies according to serial BP profiles.

2 | METHODS

2.1 | Study overview

The Akershus Cardiac Examination (ACE) 1950 Study is
a prospective, population-based age cohort that invited all
community dwellers born in 1950 from Akershus County,
Norway, to participate (n = 5827). Study baseline exami-
nation was performed from September 2012 to May 2015,
and 3706 individuals (63.6%) accepted the study invita-
tion and were included. The study was conducted at the
two hospitals of Akershus County, Norway: Akershus
University Hospital and Berum Hospital/Vestre Viken
Hospital Trust. Study design has been reported pre-
viously.” The study complies with the Declaration of
Helsinki and is approved by the Regional Committees for
Medical Research Ethics — South East Norway (reference
REC 2011/1475). All participants provided informed writ-
ten consent before study commencement.

2.2 | Study population

A subset of the ACE 1950 Study participants had partici-
pated in the Age 40 Program, a national population-based
cardiovascular screening study carried out in 40-year-olds
between 1985 and 1999 by the National Health Screening
Service. For a subset of the male study participants of the
ACE 1950 Study, military screening data was available
from conscription records attained at age 18-19years
(Figure S1).8

2.3 | Covariates

At military screening, BP was assumed to be measured
using a manual sphygmomanometer. At the Age 40
Program, BP was measured using an automated device
(DINAMAP, Criticon). At the ACE 1950 Study, BP was
measured using an automated device (Carescape V100,
GE Healthcare). For the two latter, three readings were
performed while seated, and systolic BP and diastolic
BP were calculated as the mean of the second and third
readings. Pulse pressure was calculated as the difference
between systolic BP and diastolic BP. More detailed de-
scription of the BP measurements has previously been
published.®’
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Demographics, medical history, current medication,
and alcohol and tobacco consumption are self-reported.
Clinical examination with assessment of height and weight
was performed at the ACE 1950 Study. Resting heart rate
was acquired from electrocardiograms. Coronary artery
disease was defined as self-reported history of myocardial
infarction, coronary artery bypass grafting, or percutane-
ous coronary intervention. Diabetes was defined as self-
reported diabetes, the use of anti-diabetic medication, or
the presence of elevated concentrations of HbAlc (>6.5%)
and fasting blood glucose (>7.0 mmol/L) on the ACE 1950
Study baseline examination. Participants with known cor-
onary artery disease at baseline were excluded from the
analyses. Use of antihypertensive therapy was recorded
at the Age 40 Program and the ACE 1950 Study. No in-
formation on antihypertensive therapy was available from
military screening, and all study participants were as-
sumed not to be on antihypertensive therapy at the age of
18-19years.

2.4 | Echocardiography

Transthoracic echocardiography was performed using GE
Vivid E9 (GE Healthcare) with the M5S probe according to
a predefined protocol. Two echocardiography technicians
and four trained fellows acquired the echocardiograms.
Four cardiac cycles were recorded during breath hold at
end expiration from the following views: Parasternal long-
and short-axis, and apical four-chamber, two-chamber
and long-axis. Standard two-dimensional images, M-
mode, tissue velocity imaging, pulsed and continuous
Doppler were recorded, and the images were analysed
with EchoPAC 201 (GE Healthcare).

Indexed LV mass, diastolic (E/e' ratio and E/A ratio)
and systolic (global longitudinal strain [GLS] and LV ejec-
tion fraction [LVEF]) function, and LV volumes (indexed
LV end-diastolic volume [LVEDVI] and indexed LV end-
systolic volume [LVESVI]) were assessed by echocardi-
ography at the ACE 1950 Study. Detailed description of
echocardiography in the ACE 1950 Study has recently
been published.'® We used absolute values of GLS in all
analyses, that is higher absolute values denoting better LV
systolic function.

2.5 | Outcomes

Data on cardiovascular death (International Statistical
Classification of Diseases [ICD], 10th Revision codes for
underlying cause of death; 100-199 and R96) were obtained
from the Norwegian Cause of Death Registry. Data on
all registered inpatient hospitalizations with myocardial

infarction (codes 121.x), ischemic stroke (codes 163.x) or
heart failure (codes 150.x) as main diagnosis were ob-
tained from the Norwegian Patient Registry. All events
were obtained from the date of ACE 1950 Study baseline
examination through December 31, 2020.

2.6 | Serial blood pressure measurements
We defined serial BP measurements as the sum of averaged
BPs from adjacent consecutive visits (military screening
- Age 40 Program - ACE 1950 Study), indexed to total ex-
posure time between measurements (Figure S2A). For ex-
ample, a study participant with systolic BP of 118 mmHg at
military screening, 145 mmHg at the Age 40 Program and
130mmHg at the ACE 1950 Study, and 19years between
military screening and the Age 40 Program and 25years
between the Age 40 Program and the ACE 1950 Study
would have a serial systolic BP of 135 mmHg (Figure S2B).

2.7 | Statistical methods

Baseline data are reported as absolute numbers (propor-
tion) or median (interquartile range) unless otherwise
stated. Continuous variables were analysed with the
Mann-Whitney U test or Kruskal-Wallis H test, and cat-
egorical variables were analysed with the Fisher exact
test or chi-squared test, as appropriate. Linear regression
analyses were used to assess associations between BPs
and echocardiography. Coefficients from the regression
models were compared using a Hausman test of equality.
Nonlinear associations were assessed by restricted cubic
splines with knots placed at the 5th, 27.5th, 50th, 72.5th
and 95th sample percentiles. We compared overall model
fit of the linear and nonlinear models by the likelihood-
ratio test. For prognosis, we assessed the associations of
BPs with all admissions with myocardial infarction, is-
chemic stroke or heart failure, or cardiovascular mortal-
ity. Follow-up was censored at the time of death, or for
survivors, on December 31, 2020. We registered all events
during follow-up and used a Poisson regression model
to test the relationship between BPs and recurrent event
data. Subjects with missing covariate data were excluded
from the multivariable regression analyses. All models
were adjusted for sex, age, study site, history of diabetes
mellitus, current smoking, body mass index and antihyper-
tensive therapy, all from the ACE 1950 Study baseline. We
also adjusted for antihypertensive therapy at the Age 40
Program. The Poisson regression models were additionally
adjusted for length of follow-up. Sensitivity analyses were
performed by (1) excluding subjects with LVEF <40% or
moderate to severe aortic valve regurgitation, aortic valve
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stenosis, or mitral valve regurgitation, or by (2) including
only subjects with measurement of BP at military screen-
ing. As our study was primarily hypothesis-generating,
we did not adjust for multiplicity.'’ Statistical significance
was assumed at p <.05. The analyses were performed with
STATA 16 (StataCorp LP).

3 | RESULTS

3.1 | Baseline characteristics

Of the 3706 subjects from the ACE 1950 Study, 2722
study participants had valid BP measurements at the
Age 40 Program and the ACE 1950 Study. After exclud-
ing 178 study participants with established coronary ar-
tery disease, 1333 women and 1211 men were included
in the following analyses. Of these, 691 men had valid BP
measurements at military screening (Figure S1). Serial BP
measurements from military screening to the ACE 1950
Study are demonstrated in Figure 1. Baseline character-
istics of the ACE 1950 Study according to serial systolic
BP are detailed in Table 1. Study participants with higher
serial systolic BP were older and more frequently men,
with higher body mass index and heart rate. They were
more often on antihypertensive and lipid-lowering ther-
apy, exhibited a more unfavourable biochemical profile,
had higher indexed LV mass, LVEDVI, LVESVI, and E/e/,
and lower GLS and E/A ratio. Baseline characteristics of
the ACE 1950 Study according to baseline systolic BP are
detailed in Table S1, with patterns of demographics, medi-
cal therapy, biochemistry, and echocardiography less pro-
nounced but comparable to those of serial systolic BP.

Percentage
4
1

o - —an_ L

3.2 | Associations between BPs and left
ventricular remodelling

Table 2 demonstrates the associations of systolic and dias-
tolic BPs with echocardiography at the ACE 1950 Study;
linear models were appropriate for all associations (p for
nonlinearity>.05 for all, Figures S3-S9). Serial systolic
and diastolic BPs were associated with indexed LV mass,
and stronger than individual BP measurements at the Age
40 Program and the ACE 1950 Study. Generally, the as-
sociations between LV remodelling measures and BPs as-
sessed at the Age 40 Program were weaker than those of
BP assessed at the ACE 1950 Study and serial BP measure-
ments. For LVEF and GLS, the associations of BPs at the
ACE 1950 Study and serial BP measurements were com-
parable, and superior to the associations of BPs at age 40.
These differences were also apparent for pulse pressure,
especially regarding indexed LV mass and LV volumes
(Table S2).

3.3 | Associations between BPs and long-
term cardiovascular outcomes

During a median follow-up of 2340 (2207-2570) days, 106
study participants experienced one or more clinical events
(admission for myocardial infarction, ischemic stroke or
heart failure, or cardiovascular death). We registered a
total of 166 clinical events, and Figure 2 shows number
of clinical events per study participant. Study participants
who experienced one or more clinical events on follow-
up had higher serial systolic and diastolic BPs, but similar
pulse pressure, compared to event-free study participants

T T

T
0 50 100

Long-term blood pressure (mmHg)

SBP
DBP
PP
FIGURE 1 Distribution of serial
blood pressure measurements. DBP,
2(')0 serial diastolic blood pressure; PP, serial

pulse pressure; SBP, serial systolic blood
pressure
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TABLE 1 Baseline characteristics at ACE 1950 Study according to quartiles of serial systolic blood pressure
Total Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-value
N 2544 703 642 615 584
Serial systolic blood pressure, 93-124 125-132 133-140 141-184
mmHg (range)
Study site Akershus University 1738 (68.3%) 436 (62.0%) 425 (66.2%) 437 (71.1%) 440 (75.3%) <.001
Hospital, n (%)
Demographics
Age, years 63.9 (63.4-64.4) 63.8(63.4-64.4) 63.9(63.4-64.4) 63.9(63.4-64.5) 64.0(63.4-64.5) .036
Male sex, n (%) 1211 (47.6%) 225 (32.0%) 333 (51.9%) 348 (56.6%) 305 (52.2%) <.001
Current smoker, n (%) 355 (14.1%) 122 (17.5%) 101 (15.9%) 77 (12.6%) 55(9.5%) <.001
Alcohol consumption, 6(2-11) 5(2-10) 6 (2-10) 6(3-12) 5(2-12) .001
units/2 weeks
Clinical examination
Body mass index, kg/m2 26.5(23.9-29.3) 25.1(22.9-27.9) 26.4(23.9-29.1) 27.0(24.5-30.0) 27.6(25.1-30.2) <.001
Waist-to-hip ratio 0.91(0.84-0.98) 0.87(0.81-0.93) 0.92(0.85-0.98) 0.93(0.85-1.00) 0.92(0.85-0.99) <.001
Heart rate, beats/min 62 (56-69) 61 (55-68) 62 (56-68) 62 (57-69) 64 (57-70) <.001
Systolic blood pressure, mmHg 136 (125-149)  119(113-126) 134 (127-140) 144 (136-151) 157 (148-167)  <.001
Diastolic blood pressure, mmHg 77 (70-83) 69 (64-75) 76 (71-81) 79 (74-85) 83 (77-90) <.001
Medical history
Diabetes mellitus, n (%) 185 (7.3%) 29 (4.1%) 37 (5.8%) 63 (10.2%) 56 (9.6%) <.001
Atrial fibrillation, n (%) 91 (3.6%) 27 (3.8%) 17 (2.6%) 18 (2.9%) 29 (5.0%) 13
Medication
Diuretics, 1 (%) 69 (2.7%) 12 (1.7%) 17 (2.6%) 18 (2.9%) 22 (3.8%) 15
B blockers, n (%) 234 (9.2%) 41 (5.8%) 39 (6.1%) 55 (8.9%) 99 (17.0%) <.001
Calcium antagonists, n (%) 177 (7.0%) 19 (2.7%) 32 (5.0%) 57 (9.3%) 69 (11.8%) <.001
ACE-I/ARB, n (%) 610 (24.0%) 66 (9.4%) 140 (21.8%) 186 (30.2%) 218 (37.3%) <.001
Statins, n (%) 541 (21.3%) 113 (16.1%) 127 (19.8%) 147 (23.9%) 154 (26.4%) <.001
Clinical chemistry
CRP >3 mg/L, n (%) 523 (20.6%) 121 (17.2%) 141 (22.0%) 125 (20.3%) 136 (23.3%) .038
HbAlc, % 5.7 (5.5-5.9) 5.6 (5.5-5.9) 5.6 (5.4-5.9) 5.7 (5.5-6.0) 5.7 (5.5-6.0) <.001
Total cholesterol, mg/dl 213 (186-240)  213(190-244) 217 (186-236) 209 (182-232) 217 (190-244) .010
HDL cholesterol, mg/dl 58 (46-70) 62 (50-73) 58 (46-70) 58 (46-70) 58 (46-70) <.001
Triglycerides, mg/dl 97 (71-142) 89 (71-124) 106 (80-142)  97(71-151) 115 (80-159)  <.001
eGFR, ml/min/1.73m?> 84.6 (75.0-92.5) 85.7(76.7-93.0) 84.6(75.3-92.4) 83.7(73.9-92.1) 83.6(74.3-92.1) .012
Echocardiography
Indexed LV mass, g/m> 72.9(63.5-85.8) 69.2(61.0-79.7) 72.1(62.8-84.4) 76.0(65.9-88.9) 76.1(66.0-90.4) <.001
LV ejection fraction, % 56.0 (52.4-59.7) 56.2(53.0-60.0) 56.0(52.3-59.4) 55.8(52.3-59.1) 55.7(52.0-59.8) .13
Global longitudinal strain, % 20.3(18.7-21.9) 20.6(19.1-22.2) 20.2(18.7-21.8) 20.3(18.4-21.9) 20.0(18.4-21.7) .004
E/e' 8.5(7.2-10.1) 8.1(7.0-9.6) 8.1(6.9-9.7) 8.8 (7.5-10.4) 9.2 (7.8-10.7) <.001
E/A ratio 0.99 (0.88-1.21) 1.06(0.92-1.32) 0.99 (0.88-1.20) 0.98 (0.88-1.17) 0.96(0.85-1.17) <.001
Indexed LV end-diastolic 67.7(58.7-78.3) 65.4(58.1-75.3) 67.6(58.2-77.8) 70.0(60.0-80.2) 68.0(58.3-80.0) <.001
volume, ml/m?
Indexed LV end-systolic 29.7(24.5-35.2) 28.6(24.2-33.4) 29.7(24.5-34.8) 30.9(25.8-36.2) 29.7(24.3-36.2) <.001

volume, ml/m?

Abbreviations: ACE, Akershus Cardiac Examination; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CRP, C-reactive
protein; eGFR, estimated glomerular filtration rate; LV, left ventricular.
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FIGURE 2 Number of clinical events 404
per study participant. CVD, cardiovascular MI
death; HF, heart failure; MI, myocardial Stroke
infarction. Total number of study subjects » 33 HF
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Number of clinical events per study participant
p=0.021 TABLE 3 Associations of blood pressures with clinical events
1404 (admissions for myocardial infarction, ischemic stroke or heart
S I I failure, or cardiovascular death)
I
E 120 Incidence rate
g ratio (95% CI)
7]
g 100 Systolic blood pressure
g p <0.001 Age 40 Program 1.14 (1.07 to 1.21)
T 807 I ACE 1950 1.02 (0.98 to 1.07)*
Q .
> 0 =087 Serial 1.10 (1.03 to 1.17)
S 601 I Diastolic blood pressure
{ Age 40 Program 1.18 (1.09 to 1.28)
407 ACE 1950 0.97 (0.89 to 1.05)"
SBP DBP PP
Serial 1.14 (1.02 to 1.27)

FIGURE 3 Serial blood pressure measurements in study
participants who did (blue) and did not (pink) experience
clinical events on follow-up. Data presented as medians (bars)
with interquartile ranges (whiskers). DBP, serial diastolic blood
pressure; PP, serial pulse pressure; SBP, serial systolic blood
pressure

(Figure 3). The associations of BPs with clinical events
are demonstrated in Table 3. The associations were pre-
dominantly comparable for serial BP measurements and
individual BPs measured at the Age 40 Program but were
weaker for individual systolic and diastolic BP measured
at the ACE 1950 Study.

3.4 | Sensitivity analysis

We performed additional sensitivity analyses excluding
study participants with LVEF <40% (n = 22), moder-
ate (n = 19) to severe (n = 0) aortic valve regurgitation,

Pulse pressure

Age 40 Program 1.08 (0.99 to 1.17)
ACE 1950 1.06 (1.00 to 1.12)
Serial 1.08 (0.99 to 1.18)

Note: Coefficients reported per 5mmHg. All coefficients adjusted for sex,
age, study site, history of diabetes mellitus, current smoking, body mass
index, length of follow-up, and antihypertensive therapy at both the ACE
1950 Study and at the Age 40 Program. Nineteen study participants had
missing data for covariates and were excluded from the analyses.

Abbreviation: ACE, Akershus Cardiac Examination.
p Compared to serial blood pressure measurements: *<.05, "<.01.

moderate (n = 5) to severe (n = 3) aortic valve stenosis, or
moderate (n = 10) to severe (n = 1) mitral valve regurgita-
tion. In general, the results were not different from those
reported for the entire cohort. The associations of serial
BP measurements with echocardiography at the ACE
1950 Study were slightly diminished, but the overall pat-
terns between serial BPs were unchanged (Tables S3 and
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S4). Concerning prognosis, the associations of serial sys-
tolic BP with clinical outcomes were weaker, but the as-
sociations of serial diastolic BP were stronger (Table S5).
Analyses limited to only subjects with measurement
of BPs at military screening (n = 691) are presented in
Tables S6-S9. Compared with the total cohort, the asso-
ciations of serial systolic BP with indexed LV mass and
clinical outcomes were stronger, but apart from these dif-
ferences, the overall patterns of association were similar.

4 | DISCUSSION

The key findings of the current study are that long-term
exposure to higher BPs is associated with alterations in
LV structure, function, and volumes and further associate
with burden of long-term cardiovascular outcomes. The
associations with echocardiography were predominantly
linear in fashion, and we found especially strong associa-
tions of serial BP measurements with indexed LV mass,
which was stronger than the corresponding associations
between indexed LV mass and individual BP measure-
ments at the Age 40 Program and the ACE 1950 Study.
Increased BP and established hypertension are some
of the strongest modifiable risk factors for cardiovascular
disease, especially pertaining to the incidence of athero-
sclerotic heart disease,' heart failure," and cardiovascular
death.* In line with this model, antihypertensive therapies
have proven efficient in concomitantly reducing BP and
cardiovascular risk."” Single office measurement of BP may
quantify individual cardiovascular risk, commonly by risk
scores derived from European” and US' cohorts. Repeated
BP measurements over time allow assessment of longitudi-
nal BP exposure and may improve prognostic precision for
BP-derived risk prediction.'” In the Atherosclerosis Risk in
Communities Study, averaged systolic BP over 25years was
associated with worse LV structure and LV systolic and di-
astolic function on follow-up. Further, averaged systolic BP
is associated with incident heart failure, particularly with
heart failure with preserved ejection fraction.'® These find-
ings are in line with the current investigation results, where
serial systolic and diastolic BP are both associated with LV
structure, and serial BP measurements are associated stron-
ger than individual BP measurements. We further demon-
strate inverse associations of serial BP measurements with
LV function. The associations of serial diastolic BP with
LV function are corroborated by seminal work from the
Framingham Heart Study, where diastolic BP was the stron-
gest predictor for atherosclerotic heart disease in study par-
ticipants in middle age.' In the current study, we excluded
study participants with overt coronary artery disease, largely
limiting the effect of significant ischemic coronary disease
on LV function. Both low-grade coronary ischemia and

increased diastolic BP per se may contribute to the develop-
ment of myocardial fibrosis® and subsequently increased
risk of subtle disturbances in LV function. Higher systolic
BP trajectories in young adulthood further associate with
subclinical atherosclerosis in mid-life,”* possibly contribut-
ing to subclinical alterations in LV structure and function.

Previous reports have documented associations of
temporal BP trajectories’** and serial BPs** with cardio-
vascular outcomes, but the analyses have predominantly
focused on systolic BP. We extend these previous findings
by detailed analyses of both serial systolic and diastolic
BPs, as well as pulse pressure. Serial systolic and diastolic
BPs provided strong prognostic information on incident
cardiovascular morbidity and death, with 10%-15% higher
incidence rates for every 5SmmHg of long-term BPs. This
finding is in line with one of the largest meta-analyses on
pharmacological BP lowering, where a 5mmHg reduction
in systolic BP was associated with an overall reduction in
cardiovascular risk by 10%."

In the sensitivity analyses, we excluded study partic-
ipants with clinically relevant reductions in LV func-
tion consistent with heart failure with reduced ejection
fraction and moderate to severe valvular heart disease.
Increased BP and, more intriguingly, genetically increased
BP associate with incident heart failure*® and major val-
vular heart disease.”® Heart failure and major valvular
heart disease are associated with pathological alterations
in LV structure and function and ultimately increased
cardiovascular risk. In our analyses, the risks associated
with serial BP measurements were similar after exclud-
ing these study participants, suggesting that long-term
BP exposure conveys significant cardiovascular risk in the
absence of objective evidence of cardiac pathology. This
further underlines the importance of BP control also in
community dwellers who have not yet developed overt
end-organ damage. When we limited the analyses to sub-
jects with measurement of BPs at military screening, we
found stronger associations of serial systolic BP with in-
dexed LV mass and clinical outcomes. This finding is not
entirely surprising, as this subgroup had the longest fol-
low-up for BP measurements and putatively the most ac-
curate assessment of chronic pressure overload over time.
This should in turn translate to stronger and more precise
prediction of LV remodelling and risk of outcomes.

4.1 | Strengths and limitations

Strengths of the current study include long-term follow-
up of BP, with more than 40years in study participants
with measurement of BP at military screening. We inves-
tigated both systolic BP and diastolic BP and the derived
variable pulse pressure, enabling comparisons previously
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not performed in similar studies. All participants were
subjected to a uniform echocardiography protocol per-
formed by dedicated study personnel, increasing the in-
ternal validity of these examinations. Limitations include
relatively fewer follow-up points of BP measurement
than comparable epidemiological studies. Data from the
ACE 1950 Study were retrospectively linked to data from
the Age 40 Program and military screening data, and the
BP measurements were accordingly not performed uni-
formly at all time points. The time between the three
study time points was considerable, and we cannot ex-
clude that in-between unmeasured BP variability may
have biased our results towards the null. As we do not
have data on home BP, white coat hypertension could
be an additional source of BP measurement bias. For a
large proportion of the study subjects, we measured BP
at only two visits at age 40 and 62-65. Whether the result
would have been different with home measurements or
with additional measurements in the period will have to
be assessed in additional studies. The number of clinical
events was moderate, limiting the statistical power of the
survival analysis. The ACE 1950 Study has approval from
the Regional Committees for Medical Research Ethics
for follow-up until 2050, and we will explore clinical out-
comes with longer follow-up in future studies. Lastly, as
the data from the current investigation are observational
and partly retrospective, we cannot rule out residual con-
founding influencing our results.

5 | CONCLUSIONS

In healthy community dwellers without established car-
diovascular disease, long-term exposure to higher BPs
associates with LV remodelling and risk of long-term
cardiovascular outcomes. Lifestyle and pharmacological
interventions lowering BP remain important measures
to reduce overall cardiovascular risk. Our data support
a model that serial BP measurements may be superior to
individual BP measurements for risk stratification, but
whether guiding therapy after serial BP indices may im-
prove clinical outcomes over individual BP measurements
will need to be explored in additional cohorts.
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