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Abstract
The relationship between various categories of blood pressure (BP), subtypes of hypertension, and development of cardiovascular
disease (CVD) have not been extensively studied. Therefore, our study aimed to explore this relationship in a random population
sample of men born in 1943, living in Sweden and followed over a 21-year period.
Participants were examined for the first time in 1993 (age 50 years), where data on medical history, concomitant diseases, and

general health were collected. The examination was repeated in 2003 and with additional echocardiography also in 2014.
Classification of participants according to their BP at the age of 50 years was as follows: optimal-normal BP (systolic blood pressure
[SBP] <130 and diastolic BP [DBP] <85mmHg), high-normal BP (130�SBP<140, 85�DBP<90mmHg), isolated systolic-
diastolic hypertension (ISH-IDH) (SBP ≥140 and DBP <90 or SBP <140 and DBP ≥90mmHg), and systolic-diastolic hypertension
(SDH) (SBP ≥140 and DBP ≥90mmHg).
During the follow-up, the incidence of heart failure (HF), CVD, and coronary heart disease were all lowest for those with optimal-

normal BP. Participants with high-normal BP showed greater wall thickness and left ventricular mass index, larger LV size and larger
left atrial size when compared with the optimal-normal BP group. Furthermore, those with high-normal BP, ISH-IDH, and SDH had a
higher risk of CVD than those with optimal-normal BP. The adjusted relative risk of CVD was highest for SDH (hazard ratio [HR] 1.95;
95% confidence interval [95%CI] 1.37–2.79), followed by ISH-IDH (HR 1.34; 95%CI 0.93–1.95) and high-normal BP (HR 1.31; 95%
CI 0.91–1.89).
Over a 21-year follow-up, the participants with high-normal BP or ISH-IDH had a higher relative risk of CVD than thosewith optimal-

normal BP.

Abbreviations: 95%CI= confidence interval, BMI = body mass index, BP= blood pressure, CHD = coronary heart disease, CVD
= cardiovascular disease, DBP = diastolic blood pressure, DT = deceleration time, ECGs = electrocardiograms, eGFR = estimated
glomerular filtration rate, HDL= high-density lipoprotein, HF= heart failure, HRs= hazard ratios, ISH= isolated systolic hypertension,
IVS = interventricular septal thickness, LAA = left atrial area, LDL = low-density lipoprotein, LVEDD = left ventricular end diastolic
Editor: Ovidiu Constantin Baltatu.

Clinical Trial Registration: The study is registered in ClinicalTrials.gov Identifier number: NCT03138122.

Clinical Implications: Our results support the strategy that the treatment of blood pressure should be started as soon as the systolic and diastolic blood pressure above
130 and 85mmHg, respectively, when non-pharmacological interventions are not enough, and the target blood pressure should be an optimal normal blood pressure.

Strengths and limitation: Our study had several strengths: a random sample of men from the general population; a homogeneous population with respect to age; a
prospective longitudinal follow-up over 21 years; and cardiac function objectively investigated by echocardiography. However, there are also several limitations to be
considered. In this study we only included men because baseline screening was only performed in men. Therefore, we could not estimate the results in women.
Participants in the present study were exclusively caucasian and confirmatory data from other populations are therefore needed, particularly with respect to younger
and non-caucasian people.
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dimension, LVEF = left ventricular ejection fraction, LVPWT = left ventricular posterior wall thickness, NT-pro-BNP = pro-brain
natriuretic peptide, SBP = systolic blood pressure.
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1. Introduction

Observational, population-based studies have demonstrated that
higher blood pressure (BP) is associated with increased
cardiovascular risk and all-cause mortality.[1–13] Different
categories of BP are studied in diverse adult age groups in
normal cohort populations.[14–22] Isolated systolic hypertension
(ISH), an elevated systolic BP (SBP) with a normal or low diastolic
BP (DBP), has been shown to be associated with a higher risk of
incident heart failure (HF).[22] Tsimploulis et al[19] demonstrated
that younger and middle-aged (mean age 34 years) adults with
ISH had a higher relative risk of cardiovascular disease (CVD)
mortality over 31 years of follow-up compared with those with
optimal BP. However, the long-term outcome of persons with
high-normal blood pressure was not adequately addressed.
Kondo et al[14] showed that high-normal BP is an independent
risk factor for CVD in middle-aged (mean age 30 years) adults
but not in the elderly. Both studies used young cohorts and did
not represent middle-aged adults. In the Japanese study
cardiovascular events increased at normal and high-normal BP
in young and middle-aged Japanese male smokers but not in
nonsmokers.[15] Therefore, the available data on the impact of
high-normal BP in middle-aged individuals on cardiovascular
risk are not convincing. The present study sought to investigate
the impact of all BP categories in particular high-normal BP on
cardiovascular risk, including HF, CVD events, and coronary
heart disease (CHD).
2. Methods

2.1. Study population

The study of men born in 1943 is a prospective cohort study
consisting of a random sample of half of all men born in 1943 and
living in the city of Gothenburg, Sweden. Through the census
register of the city, 1463 men were contacted and invited to
participate in the investigation, which included questionnaires
and physical examination procedures. In 1993, 798 men (now
aged 50 years) agreed to take part in the study. Those men who
were still a resident of Gothenburg and alive were invited to
repeat the examination in 2003 and 2014. Follow-up and
comorbidity data were collected by the Swedish Hospital
Discharge Registry for all participants from 1993 to 2014.
The study follows the Declaration of Helsinki and was approved
by the Gothenburg Regional Research Ethic Board. All
participants gave informed consent to participate in the study.
2.2. Data collection

At each screening, a clinical examination and laboratory analysis
were performed and questionnaire data about lifestyle were
collected. In addition, in 2014 all study participants underwent
an echocardiography evaluation. Fasting venous blood samples
were drawn in the morning. Frozen samples of whole blood,
plasma, and serum as well as urine were kept at –80 °C until
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analysis. Plasma levels of cholesterol, triglycerides, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) cholester-
ol, fasting glucose, and pro-brain natriuretic peptide (NT-pro-
BNP) were analyzed using standard laboratory procedures. Body
weight was measured with a balance scale to the nearest 0.1kg,
with the men wearing light clothing; height was measured to the
nearest cm without shoes; and body mass index (BMI) was
calculated in the standard way as kg/m2. Standard 12-lead
electrocardiograms (ECGs) were recorded at a paper speed of 50
mm/s, the standard speed in Sweden. All ECGs were evaluated by
a physician who was blinded to the clinical data.
Before the examination, all participants had completed a postal

questionnaire about smoking habits, physical activity, family
medical history, mental stress, and previous disease. Smoking
habits were coded as never smoked, ex-smoker, smoking 1 to 14
g/d, smoking 15 to 24g/d, and smoking >25g/d. Grades 1 and 2
were combined into a single group (nonsmokers) while grades 3,
4, and 5 were combined to form a second group (current
smokers). Physical activity during leisure time was introduced at
each examination and classified into 4 categories mainly
sedentary, moderate exercise during leisure time, regular exercise
and training, and hard exercise or competitive sports. Categories
2, 3, and 4 were combined (physically active) and category 1 was
defined as a sedentary lifestyle.
In 2014, all study participants underwent a standard

echocardiography examination. Standard echocardiographic
views were acquired with the patient lying in the left lateral
decubitus position using a commercially available ultrasound
machine (Vivid 7, GE Healthcare, Milwaukee, WI) by the same
observer. The parameters measured in the echocardiographic
examination were interventricular septal thickness (IVS), left
ventricular end diastolic dimension (LVEDD), left ventricular
posterior wall thickness (LVPWT), left ventricular ejection
fraction (LVEF), and left atrial area (LAA). Transmitral Doppler
flow was obtained from the apical 4-chamber view in which E
velocity, deceleration time (DT) of the E wave, A velocity, and E/
A ratio were measured. Early diastolic mitral annular velocity (e0)
was measured at the septal site while the E/e0 ratio was calculated
to estimate LV filling pressure as well as LV diastolic dysfunction.
2.3. Measurement of blood pressure and classification
blood pressure groups

BPwas recorded, by a trained physicians in our research group, in
the right arm with the participant seated. After a 5-minute
interview, all BP measurements were recorded to the nearest 2
mmHg in the sitting position using a mercury sphygmomanome-
ter with a cuff size of 12�32cm. DBP was recorded as both
Korotkoff phase IV and V (however, we used only Korotkoff
phase V in this study).
Participants were stratified into 4 hypertensive subtypes based

on BP values according to the definition of classification of office
blood pressure and definitions of hypertensions grade from the
2018 ESC/ESH guidelines for the management of arterial
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hypertension: optimal-normal BP (SBP <130mmHg and DBP
<85mmHg), high-normal BP (130mmHg�SBP<140mmHg,
85mmHg�DBP<90mmHg), isolated systolic-diastolic hyper-
tension (ISH-IDH): (SBP ≥140mmHg and DBP <90mmHg or
SBP <140mmHg and DBP ≥90mmHg), systolic-diastolic
hypertension (SDH) (SBP ≥140mmHg and DBP ≥90mmHg).
2.4. Follow-up procedures and endpoints

All participants were followed-up by reexaminations from 1993
to 2014. Outcome and clinical data were collected for all
participants by reviewing medical charts through the Swedish
Hospital Discharge Registry and the Swedish Death Registry
from 1993 to 2014. Endpoint CVD is defined by the occurrence
of myocardial infarction, HF, death resulting from CHD (410–
414; I20–21), stroke, intermittent claudication, other cardiovas-
cular death, and revascularization procedure. All deaths and
suspected CVD were reviewed by a panel of 5 physicians. Total
HF events included HF that occurred during follow-up preceding
final examination with echocardiography, those who died
because of HF and newly detected HF upon final examination
in 2014 with echocardiography.
Table 1

Baseline characteristics (1993) as a function of BP group and hypert

Optimal-normal BP (n=339) High-norm

SBP in 1993, mmHg 115.2±8.5 128
DBP in 1993, mmHg 75.7±5.9 84
SBP in 2003, mmHg 134.4±16.7 146
DBP in 2003, mmHg 80.7±8.8 87.
SBP in 2014, mmHg 141.7±19.2 144
DBP in 2014, mmHg 80.7±9.4 83.
Clinical characteristics
Smoking (%) 108 (31.9) 59
Never smoker
Former smoker 114 (33.6) 58
Current smoker 117 (34.5) 3
Sedentary lifestyle 40 (11.8) 21
Sleeping time per night, h 7.0±1.0 6.
Mental stress 51(15.0) 19
BMI, kg/m2 25.3±2.9 25
Waist circumference, cm 92.4±8.1 94
Heart rate, bpm 64.6±11.2 67.

Medical history (%)
Hyperlipidemia 7 (6.5) 1
Hyperlipidemia 13 (3.9) 6
Atrial fibrillation 3 (1)
Diabetes 6 (2) 4
Stroke 1 (0.3) 1
Lung disease 25 (7.4) 1

Laboratory characteristic
Cholesterol, mmol/L 5.8±1.1 6.
Triglyceride, mmol/L 1.5±0.9 1.
HDL, mmol/L 1.4±0.4 1.
Plasma glucose, mmol/L 4.5±1.0 4.
Creatinine, mmol/L 89.8±10.6 91.
eGFR 100.3±20.2 101
NT pro BNP, pg/mL 32.3±39.0 30.
Hs-cTnT 4.8±2.9 5.

BMI=body mass index, BP=blood pressure, DBP=diastolic blood pressure, eGFR= estimated glomer
peptide, SBP= systolic blood pressure.
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2.5. Statistical analysis

Descriptive statistics are presented as frequencies and percentages
for categorical variables and mean± standard deviation for
continuous variables. Differences in the distribution of baseline
characteristics in the different BP categories were analyzed using
the chi-square trend test for categorical variables and one-way
analysis of variance (ANOVA) for continuous variables. For
blood pressure levels shown in Table 1, and for all variables of
Table 2, when the ANOVA showed a P-value <.01, we
performed unpaired t test of each other blood pressure group
versus the optimal-normal group.
Univariable- and multivariable-adjusted Cox proportional

hazard models were used to examine the association of high-
normal BP, ISH-IDH and SDH, and outcomes. Using optimal-
normal BP as the reference group, unadjusted and multivariate-
adjusted hazard ratios (HR) and 95% confidence intervals (95%
CI) were estimated for each hypertension subtype. The
multivariable model was adjusted for smoking, sedentary
lifestyle, BMI, heart rate, triglyceride, and estimated glomerular
filtration rate (eGFR). We also used the same multivariable Cox
proportional hazard models to analyze time at risk of CVD,
CHD, and the association with different BP cut-off levels.
ension subtype.

al BP (n=156) ISH-IDH (n=154) SDH (n=146) P-value

.5±7.6 135.2±12.1 153.5±11.8 <.001
.4±4.5 90.0±6.1 98.8±7.2 <.001
.9±17.5 148.9±17.7 156.8±20.0 <.001
4±10.1 87.8±9.7 90.6±11.3 <.001
.9±17.4 147.0±17.1 149.6±15.1 .013
2±11.5 85.8±9.9 84.4±9.4 .001

(37.8) 43 (27.9) 47 (32.2) .255

(37.2) 62 (40.3) 58 (39.7)
9 (25) 49 (32) 41 (28)
(13.5) 32 (20.8) 29 (19.9) .023

9±0.8 6.9±1.0 7.0±0.9 .926
(12.3) 28 (18.5) 25 (17.1) .449

.8±3.1 27.1±3.5 28.1±3.9 <.001

.2±8.4 97.9±9.6 99.9±10.9 <.001
6±13.1 68.3±12.7 71.1±12.3 <.001

3 (5.2) 13 (5.2) 17 (8.9) .371
(3.8) 5 (3.2) 10 (6.0) .368
1 (1) 2 (1) 3 (2) .641
(2.5) 3 (1.9) 7 (4.8) .210
(0.6) 0 (0) 0 (0) .634

2 (7.7) 10 (6.5) 9 (6.2) .940

0±1.1 5.9±0.9 6.0±1.0 .084
7±1.5 1.6±0.8 2.1±1.4 <.001
3±0.3 1.3±0.3 1.3±0.3 .195
8±1.7 4.7±1.4 5.2±1.9 <.001
8±10.3 91.1±9.0 93.1±10.1 .007
.4±16.2 105.1±17.5 107.1±19.5 .001
6±31.8 36.8±40.4 46.4±60.1 .005
2±3.8 5.0±2.5 5.9±4.5 .022

ular filtration rate, Hs-cTnT=higher sensitive cardiac troponin T, NT-pro-BNP=pro-brain natriuretic
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Figure 1. Distribution of blood pressure groups in 1993 and 2014.
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All statistical tests were two-tailed with 95% CI and P-values
of <.05 were considered statistically significant. IBM SPSS
Statistics for Windows, Version 22 was used for data analysis.

3. Results

3.1. Prevalence of blood pressure categories and
hypertensive subtypes in 1993

Overall, the mean SBPs were 128.7±17.1mmHg in 1993 and
144.4±18.1mmHg in 2014; mean DBPs were 84.4±10.6
mmHg in 1993 and 82.6±10.1mmHg in 2014. Participants
with optimal-normal blood pressure were almost 3-fold more in
1993 (43%) compared with 2014 (16%). Inversely, participants
with ISH-IDH and SDH were almost 2-fold more frequent in
2014 (ISH-IDH: 36%, SDH: 32%) than in 1993 (ISH-IDH:
19%, SDH: 18%) (Fig. 1).

3.2. Baseline characteristics in 1993

Demographic and clinical characteristics of the participants in
1993 by BP category and hypertension subtype are shown in
Table 2

Systolic and diastolic heart function as measured by echocardiograp

Optimal-normal BP (n=242) High-normal BP

LV structure
LV septal wall thickness, mm 10.3±1.5 10.7±1.
EDD, mm 48.5±5.0 50.4±6.
EDV, mL 111.9±26.2 122.9±3
EDV/BSA, mL/m2 56.0±12.5 60.3±18
LV enlargement, % 83 (24) 48 (31
LV mass index, g/m2 91.3±23.7 96.3±25
LVH, % 27 (8) 21 (13

LV systolic function
LVEF, % 61.9±7.4 61.4±9
LVEF, 40%–49% 10 (3) 10 (6)
LVEF, <40% 2 (0.5) 3 (2)

LV diastolic function
TDI e0septal 6.6±1.6 6.5±1.
Abnormal e0 19 (6) 16 (10
E/e0 9.3±3.0 9.9±3.
Abnormal E/e0 12 (3) 7 (4)
LAA, cm2 21.7±4.5 23.1±5.
LAVI, mL/m2 33.2±10.2 35.8±11
Abnormal LAVI 92 (27) 56 (36

BP=blood pressure, BS=body surface area, EDV=end diastolic volume, ISH-IDH= isolated systolic-dias
fraction, LVH= left ventricular hypertrophy, SDH= systolic-diastolic hypertension, TDI= tissue doppler im
∗
P< .05 when compared with the optimal-normal BP group.
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Table 1. Participants in the SDH and ISH-IDH groups had a
higher BMI and larger waist circumference, as well as higher
triglyceride, plasma glucose, creatinine, and NT-pro-BNP levels.
These participants were more likely to lead a sedentary lifestyle
and present with a higher heart rate than participants in the
optimal-normal BP groups.
3.3. The relationship between baseline BP in 1993 and
heart function as measured by echocardiography

Echocardiographic evaluation of LV systolic and diastolic
function in the BP groups at the 21-year follow-up is illustrated
in Table 2. Participants in the SDH, ISH-IDH, and high-normal
groups showed greater septal wall thickness than the optimal-
normal BP group. Those in the high-normal group had a larger
LV EDD and end diastolic volume also when corrected for BSA
compared with the optimal-normal group. Both this group and
those with SDH had a larger left atrial area and the latter had also
indication of higher filling pressure (E/e0) when compared with
the optimal-normal BP group.
3.4. Relationship between baseline BP in 1993 and
outcome

During the 21-year follow-up, the incidence of HF, CVD, and
CHD were all lowest for those with optimal-normal BP (Table 3
and Fig. 2). Results from the Cox proportional hazards models,
which was adjusted for clinical characteristics (smoking,
sedentary lifestyle, BMI, heart rate, triglyceride, and eGFR),
suggested that high-normal BP, ISH-IDH, and SDH were
associated with a higher risk of CVD and CHD in comparison
with optimal-normal BP. The adjusted relative risk of CVD
mortality was highest for SDH (HR 1.95; 95% CI 1.37–2.79),
followed by ISH-IDH (HR 1.34; 95% CI 0.93–1.95) and high-
normal BP (HR 1.31; 95% CI 0.91–1.89). The adjusted HR for
hy in 2014 by BP group (n=536).

(n=112) ISH-IDH (n=98) SDH (n=82) P-value Criteria

6
∗

10.7±1.2
∗

10.6±1.5
∗

<.001
0
∗

49.6±6.6 48.7±5.9 .021
7
∗

118.8±36.5 113.4±32.2 .014
.1
∗

57.3±16.3 54.7±15.9 .043
) 40 (26) 28 (19) .137 EDV/BSA >60.2
.0
∗

97.3±23.2
∗

96.4±23.6
∗

.082
) 25 (16) 17 (12) .041 LVMI >115

.2 60.0±8.3
∗

61.4±9.8 .276
10 (6) 5 (3) .141
2 (1) 3 (2) .355

7 6.2±2.1
∗

6.3±2.1 .104
) 19 (12) 13 (9) .064 TDI e0septal <4.3
4 9.7±3.0 10.8±4.6

∗
.010

8 (5) 7 (4) .830 E/e0 >14.8
6
∗

22.3±4.9 23.8±5.1
∗

.005
.4
∗

32.4±11.3 35.0±11.6 .069
) 34 (22) 34 (23) .028 >34.2

tolic hypertension, LAA= left atrial area, LAVI= left atrial volume index, LVEF= left ventricular ejection
aging, EDD= end diastolic dimension.



Table 3

Outcome by BP group.

Unadjusted Adjusted

Number at risk Number at different stages OR (95% CI) P-value OR (95% CI) P-value

Heart failure
Optimal-normal BP 339 29 (9) Reference group Reference group
High-normal BP 156 22 (14) 1.68 (0.96–2.92) .067 1.63 (0.93–2.85) .090
ISH-IDH 154 15 (10) 1.14 (0.61–2.12) .688 0.89 (0.47–1.68) .709
SDH 146 26 (18) 2.19 (1.29–3.72) .004 1.51 (0.84–2.70) .170

Cardiovascular disease
Optimal-normal BP 339 78 (23) Reference group Reference group
High-normal BP 156 46 (29) 1.34 (0.93–1.93) .117 1.31 (0.91–1.89) .153
ISH-IDH 154 49 (32) 1.51 (1.05–2.15) .025 1.34 (0.93–1.95) .118
SDH 146 63 (43) 2.23 (1.60–3.11) <.001 1.95 (1.37–2.79) <.001

Coronary heart disease
Optimal-normal BP 339 34 (10) Reference group Reference group
High-normal BP 156 21 (13) 1.33 (0.77–2.29) .309 1.21 (0.70–2.11) .491
ISH-IDH 154 23 (15) 1.58 (0.93–2.68) .090 1.42 (0.83–2.45) .204
SDH 146 35 (24) 2.58 (1.61–4.13) <.001 2.10 (1.26–3.49) .005

All-cause death
Optimal-normal BP 339 46 (14) Reference group Reference group
High-normal BP 156 16 (10) 0.73 (0.42–1.29) .284 0.66 (0.37–1.18) .158
ISH-IDH 154 31 (20) 1.55 (0.99–2.45) .058 1.40 (0.87–2.25) .162
SDH 146 26 (18) 1.34 (0.83–2.17) .24 1.14 (0.68–1.91) .627

Multivariate model adjusted for smoking, sedentary lifestyle, BMI, heart rate, triglyceride, and eGFR.
BP=blood pressure, CI= confidence interval, ISH-IDH= isolated systolic-diastolic hypertension, OR= odds ratio, SDH= systolic-diastolic hypertension.

Chen et al. Medicine (2020) 99:17 www.md-journal.com
CHD was also highest for SDH (HR 2.10; 95% CI 1.26–3.49),
followed by ISH-IDH (HR 1.42; 95% CI 0.83–2.45) and high-
normal BP (HR 1.21; 95% CI 0.70–2.11). However, although
the incidence of HF was highest in the SDH group and lowest in
the optimal-normal BP group, in the unadjusted model SDH was
Figure 2. Adjusted risk for outcome of cardiovascular disease and coronary
artery disease by different blood pressure groups.

5

associated with a higher risk of HF compared with optimal-
normal BP (HR 2.19; 95% CI 1.29–3.72). When adjusted for the
other clinical characteristics, no significant association was found
with HF.
Figure 3. The forest plot illustrates the univariate and multivariate logistic
regression model used to assess the relationship between different cut-off values
for systolic and diastolic blood pressure associated with cardiovascular and
coronary artery disease. Amultivariatemodel was adjusted for smoking, sedentary
lifestyle, body mass index, heart rate, triglyceride, and glomerular filtration rate.

http://www.md-journal.com
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Figure 3 depicts multivariable adjusted HRs for CVD and
CHD as a function of BP cut-off values. The highest risk was in
the highest SBP/DBP category where multivariable adjusted HR
for incident CVD was 1.65 (95% CI 1.22–2.25) and for CHD
1.79 (95% CI 1.16–2.74), with BP ≥140/90mmHg compared
with BP <140/90mmHg. The HRs were also significantly higher
in the 2 lower SBP categories. In addition, we found that even
participants with BP ≥120/80mmHg in 1993 had a 1.36-fold
increased risk of CVD and a 1.59-fold increased risk of CHD
compared with those with BP <120/80mmHg.

4. Discussion

The main finding here is that combined SDH in comparison to
individuals with optimal normal BP is associated with the highest
risk of CVD events, followed by ISH-IDH and high-normal BP.
CVD events are defined as a composite of CHD (coronary death,
myocardial infarction, coronary insufficiency, and angina),
cerebrovascular events (including ischemic stroke, hemorrhagic
stroke, and transient ischemic attack), peripheral artery disease
(intermittent claudication), and HF. Furthermore, the analyses,
performed using different BP cut-off values, demonstrate that the
risk of CVD events increases with increasing BP (Fig. 3).
CHD and HF as important cardiovascular events are used as

secondary endpoints. The adjusted HR for CHDwas also highest
for SDH, followed by ISH-IDH and high-normal BP. SDH was
found to increase with age and it was the most common
hypertensive subgroup in the age group 70 years, suggesting that
BP <120/80mmHg was the safest BP level at the age of 50 years
for CVD events and CHD. Our results indicate that BP increases
with age, resulting in increased organ damage, regardless of the
BP components (systolic or diastolic). However, SDH proved to
be the worst hypertensive subgroup. Smoking, sedentary lifestyle,
high BMI, triglycerides, eGFR, NT-proBNP, wider waist
circumference and higher heart rate occurred more often in the
ISH-IDH and SDH groups. We adjusted for these risk factors in
our analyses (Table 3).
The association between higher BP than optimal-normal BP

and an increased risk of CVD events is supported by the
biomarkers and cardiac changes detected by echocardiography in
the participants aged 70 years. Compared with those in the
optimal-normal BP group, participants in other BP categories,
especially SDH, had a thicker septal wall, higher LVMI, higher E/
e∼, larger left atrium, higher levels of NT-ProBNP, and higher
sensitive cardiac troponin T (Hs-cTnT) (Tables 1 and 2).
Of note, Hs-cTnTwas significantly elevated in individuals with

SDH, indicating an association between SDH and cardiac
myocyte apoptosis.
Patients in the SDH group had a higher mean SDBP (153.5

mmHg) at baseline than in 2014 (149.6mmHg), to some extent
probably because they received HT treatment, albeit suboptimal,
which would account for their worse long-term outcomes.
Although the association between increased incidence of HF

and elevated BP was not significant, the high levels of NT-
proBNP might suggest that some patients in the SDH group had
undiagnosed HF.
Comparing with the available data our data is more

representative for middle-aged individuals partly because our
cohort is a random general population, and partly because the
previous studies included young individuals with a mean age
around 35 years.[14,15,19] Moreover, our data includes more
details on organ damage supporting the results; echocardiogra-
6

phy findings and biomarkers (NT-proBNP) measured in 2014,
compared with the available data. Nevertheless, our results are in
line with the majority of observations obtained in the field. There
is a lot of population based data demonstrating that higher blood
pressure is associated with increased cardiovascular risk and all-
cause mortality.[1–13,20,23,24] For instance, among older adults,
both SDH and ISH have similar independent associations with
incident HF, cardiovascular mortality, and other incident
cardiovascular events.[20] Some studies have shown that the
prevalence of hypertension and metabolic syndrome increases
with advanced age.[23] However, our results have added values by
showing that high-normal BP is carrying higher risk of CVD
events and SDH was more common than ISH in persons aged
≥50 years.[24]
5. Conclusion

For the 50-year-old men living in Gothenburg, SDH is associated
with the highest risk of CVD and CHD followed by ISH/IDH and
high-normal BP after a 21-year follow-up. BP rises with age,
resulting in increased organ damage and adverse cardiovascular
effects.
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