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Abstract

Over time, a focus on blood pressure has transferred from diastolic pressure to sys-

tolic pressure. Formal analyses of differences in predictive value are scarce. Our goal

of the study was whether office SBP adds prognostic information to office DBP and

whether both 24-h ambulatory SBP and 24-h ambulatory DBP is specifically impor-

tant. The authors examined 2097 participants from a population cohort recruited in

Copenhagen, Denmark. Cause-specific Cox regression was performed to predict 10-

year person-specific absolute risks of fatal and non-fatal cardiovascular (CV) events.

Also, the time-dependent area under the receiver operator curve (AUC)was utilized to

evaluate discriminative ability. The calibration plots of the models (Hosmer-May test)

were calculated as well as the Brier score which combines (discrimination and calibra-

tion). Adding both 24-h ambulatory SBP and 24-h ambulatory diastolic blood pressure

did not significantly increase AUC for CV mortality and CV events. Moreover, adding

both office SBP and office DBP did not significantly improve AUC for both CVmortal-

ity and CV events. The difference in AUC (95% confidence interval; p-value) was .26%

(-.2% to .73%; .27) for 10-year CV mortality and .69% (-.09% to 1.46%; .082) for 10-

year risk of CV events. The difference in AUC was .12% (-.2% to .44%; .46) for 10-year

CV mortality and .04% (-.35 to .42%; .85) for 10-year risk of CV events. Moreover, for

bothCVmortality andCVevents, office SBPdid not improve prognostic information to

officeDBP. In addition, theBrier scores of officeBP in bothCVmortality andCVevents

were .078 and .077, respectively. Furthermore, the Brier scores were .077 and .078 in

CV mortality and CV events of 24-h ambulatory. For the average population as those

participating in a population survey, the 10-year discriminative ability for long-term

predictions of CV death and CV events is not improved by adding systolic to diastolic

blood pressure. This finding is found for ambulatory as well as office blood pressure.
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1 INTRODUCTION

Hypertension is a contributing risk factor for cardiovascular disease

(CVD).1 In recent European Society of Cardiology (ESC) guideline,

main recommendation for antihypertensive treatment of patients was

regarded by the future risk of CVmortality, CVdisease, or totalmortal-

ity. The guideline state that decision on treatment should be according

to risk estimates over 10 years.2 In the1970s and early 1980s, diastolic

blood pressure (DBP) was regarded as superior to systolic blood pres-

sure (SBP) to estimate future CV risk.3 Later studies have challenged

the importance of DBP in predicting coronary heart disease (CHD).4

Along this line, Framingham Study data have indicated that SBP was

superior to DBP for estimating future risk.5 In particular, studies of the

elderly have reported the importance of SBP.6 A new study of adults

reveals both systolic and diastolic blood pressures have great effects

on the risk of adverse CV events.7 A study was performed on popula-

tion of 70–78-year-old in the Netherlands based on survival analysis

approaches.8

Current knowledge on the importance of treating hypertension is

partly based on older studies focusing on treating DBP and in part

on newer studies focusing on treating SBP.2 Therefore, it is crucial

to have an international data and perform some analyses on whether

BP estimation is more important than the other. The problem with

available studies is that they all concentrated on estimates of hazard

ratios from Cox models, including both SBP and DBP.9 The analyze

in several issues given that the goal is to examine 10-year risk pre-

diction. First, the association between hazard ratio and prediction is

known to be weak and also SBP and DBP are highly correlated, which

is again a problem in comparative analysis.10 Since Cox model con-

sider the two correlated variables (SBP and DBP) and generally one of

them will regarded more essential than the other, we used this model

that the result does not necessarily lead to a significant more impor-

tant effect on long-term prediction. The proper examination of the

added value of, for example, SBP over DBP is to demonstrate that

the area under the receiver operator curve (AUC) for 10-year pre-

diction is improved by adding one BP to another.10 AUC is used as

the probability that a person who experiences the outcome, including

CV mortality and CV events, received a higher predicted 10-year risk

in comparison to a person who either died due to non-CV causes or

were alive 10 years after the BP measurements. Differences in AUC

were obtained to assess the influence of adding 24-h ambulatory SBP

to 24-h ambulatory DBP office BP and adding office SBP to office

DBP.

Such analysis of SBP versus DBP is not available.8 Therefore, we

have used an extensive population survey to examinewhether the pre-

dictive importance of SBP and DBP differs when measured either as

clinic BP or as 24-h ambulatory BP.

2 MATERIALS AND METHODS

2.1 Population characteristics

The cohort data included 2097 participants in the municipality of

Glostrup.11 At enrolment, BP measurements, including ambulatory

SBP and DBP measurements during a 24-h period and office BP were

registered. Additionally, the recorded data information consisted of

baseline risk factors of CV outcomes and follow-up information CV

events of participants. The participants’ information about baseline CV

risk factors were obtained with questionnaires.9 Information about

treatment for antihypertensive drugs, history of CVD and diabetes

were registered.

2.2 Main outcomes

The condition of fatal and non-fatal complications and survival status

were reported based on register follow-up.9 The main outcomes were

CV mortality and CV events. The CV events included in both fatal and

non-fatal CV complications. The combination of fatal and non-fatal CV

events was considered as cerebrovascular death and non-fatal stroke;

coronary events (death from ischemic heart disease, sudden death,

non-fatal myocardial infarction, or coronary revascularization). Also,

cardiac events were specified as the fatal or non-fatal heart failure and

coronary events. Moreover, each of the aforementioned fatal and non-

fatal CV events individually were done as the secondary outcomes.

2.3 Measuring blood pressure

Office BP was recorded at least two times by random zero mercury

sphygmomanometer for each participant. In the sitting position, office

BP was registered after 5 min of rest and then the mean of two mea-

surements were recorded. The portable device for BP monitoring was

used to measure 24-h ambulatory BP during 24-h using a Takeda TM-

2421 (A&D, Tokyo, Japan) device. Oscillometric AMBP measurements

were used, which have passed validation tests.12 BP measurements

were performed from as 10.00 a.m. to 8.00 p.m., every 15 min during

daytime and between 10.00 p.m. and 4.00 a.m., every 20 or 30min dur-

ing night-time.

Definition of hypertension with different types
of BP measurement

(I) Systolic hypertension was defined when either the average day-

time ambulatory SBPwas equal or greater than 135mmHg or
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the average night-time ambulatory SBP was equal or greater

than 120mmHg.

(II) Normal systolic blood pressure was defined when the average

daytime ambulatory SBP was less than 135 mmHg and the aver-

age night-time ambulatory SBPwas less than 120mmHg.

(III) Diastolic hypertensionwas definedwhen either the average day-

time ambulatory DBPwas equal or greater than 85mmHg or the

average night-time ambulatory DBP was equal or greater than

70mmHg.

(IV) Normal diastolic blood pressure was defined when the average

daytime ambulatory DBP was less than 85 mmHg and the aver-

age night-time ambulatory DBPwas less than 70mmHg.

(V) Isolated systolic nocturnal hypertension was defined when the

average daytime ambulatory SBP was less than 135 mmHg and

the average night-time ambulatory SBP was equal or greater

than 120mmHg.

(VI) Isolated diastolic nocturnal hypertension was defined when the

average daytime ambulatory DBP was less than 85 mmHg and

the average night-time ambulatory DBP was equal or greater

than 70mmHg.

(VII) Isolated systolic hypertension was defined as office SBP equal or

greater than140mmHgandofficeDBPwas less than90mmHg.2

2.4 Statistical data analyses

In this cohort study, the reverse Kaplan–Meier estimator was used

to calculate median follow-up time.13 The average of 24-h ambula-

tory SBP and 24-h ambulatory DBP were obtained for each person.

Imputations were conducted to account for missing values, including

history of CVD (n = 1), current smoking (n = 4) and drinking habits

(n = 12) and total serum cholesterol level (n = 1). Missing values of

categorical and continuous variables were imputed by the mean and

predicted value from a linear regression of non-missing observations

with stratifying on sex.14 We used two cause-specific Cox regression

models for CV endpoints and non-CV, using formula represented in

Supplementary material online to calculate the hazard rates13 of the

two primary outcomes (CV mortality and CV events).15–17 For each

cause-specific Cox regressionmodel, thesemodelswere using (I) either

24-h ambulatory DBP, 24-h ambulatory SBP, or both 24-h ambulatory

SBP and DBP as well as (II) either office DBP, office SBP, or both office

SBP and DBP. The variables are, including sex, age, body mass index

(BMI), current drinker and smoker status, cholesterol level, history

of diabetes and CVD, antihypertensive drugs, interactions between

treatment with antihypertensive drugs and the BP variables, including

24-h ambulatory SBP, 24-h ambulatoryDBP, office SBP and officeDBP.

Reported are hazard ratios (HRs) with 95% confidence interval (CI)

for one standard deviation (SD) increase in each BP variable. Using

the Cox regression models and based on a formula of prior research,16

we estimated the 10-year absolute risk of the primary outcomes.15–17

The quantiles of violin plots are drawn by person-specific prediction to

risks and changes in predicted 10-year risks. The quantiles change of

predicted 10-year risks are acquired in both retrospectively and con-

ditional on outcome after 10 years by inverse probability of censoring

weighting approach. Results are demonstrated by the median differ-

ence (Q2), 1st quartile (Q1) and 3rd quartile (Q3) of predicted risks. The

scatter plots are represented to reveal the changes in person-specific

10-year CV risk predictions when 24-h ambulatory SBP/ office SBP is

added to 24-h ambulatory DBP/office DBP. Discrimination ability was

calculated through time-dependent AUCs to evaluate discriminative

ability in competing risk.18,19 The time-dependent AUC of a risk

prediction model is the probability that an individual who experienced

the CV event within 10-years receives a higher predicted 10-year risk

than an individual who either was alive and event-free 10 years after

the BP measurements or died due to non-CV causes within 10-years

after the blood pressure measurement. The predicted 10-year risks

of CV events are given in separated groups, including age, history of

CVD, antihypertensive treatment, diastolic and systolic hypertension,

nocturnal diastolic hypertension and isolated systolic hypertension.

To evaluate the significance of adding 24-h ambulatory SBP to 24-h

ambulatory DBP together with adding office SBP to office DBP, the

differences in AUC were obtained with their 95% confidence limits.

The Brier score measures average discrepancies between the true

disease outcome and the predictive values from the model.19,20 The R

software version 3.5.1 was used for statistical analysis.21

3 RESULTS

3.1 Baseline characteristics of study participants

The median (Q1-Q3) follow-up time was 11.6 (12.6-12.7) years and

the mean (SD) of participants’ age at baseline was 56.4 (10.3). During

follow-up, 283 were diagnosed with a fatal or non-fatal CV event and

127/187diedbecauseofCV/non-CVcauses. Table1 shows thedescrip-

tive information of the subject characteristics in the cohort study.

3.2 The changes of person-specific 10-year risk
predictions

Figure 1A reveals the changes in predicted 10-year risks by median

difference (Q1-Q3) in CV mortality and CV events. The violin plot of

Figure 1A shows the median change (Q1–Q3) of person-specific risks

was .00009% (-.1% to .08%) and .09% (-1%, .5%) in CV mortality and

CV events, respectively. Figure 1B,C shows predicted person-specific

10-year risks by adding 24-h ambulatory SBP to 24-h ambulatory DBP

and conventional risk factors in CV mortality and CV events, respec-

tively. That is to say; it demonstrates the rate of changes of person-

specific 10-year risk predictions when 24-h SBP is added to 24-h DBP

and conventional risk factors. The scatter plots reveal that the informa-

tion obtained by adding 24-h SBP did not have any effect on themajor-

ity of people. In 90%of the individuals, the predicted 10-year risk of CV

mortality (CV events) changed by less than .7% (4%). It means that the
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F IGURE 1 Diastolic 24-h blood pressure and systolic 24-h blood pressure predict person-specific 10-year absolute risk in CVmortality and
CV events (A). Violin plots reveal median, interquartile range, CI 95%, higher and lower probabilities to predict of absolute risks according to both
diastolic 24-h ambulatory BP and systolic 24-h ambulatory BP vs. only diastolic ambulatory 24-h BP. Diastolic 24-h blood pressure and systolic
24-h blood pressure predict person-specific 10-year absolute risk in CVmortality (B) and CV events (C). Scatter plots reveal person-specific
predictions based on both diastolic 24-h ambulatory BP and systolic 24-h ambulatory BP vs. only diastolic 24-h ambulatory BP

prognostic information for evaluating the 10-year risk of CV complica-

tions is not substantially improved by adding 24-h ambulatory SBP to

diastolic 24-h ambulatory DBP.

Figure 2A reveals the changes in predicted 10-year risks by median

difference (Q1-Q3) in CV mortality and CV events. The violin plot of

Figure 2A shows the median change (Q1–Q3) of person-specific risks

was .00007% (-.08% to .04%) and -.01% (-.3%, .2%) in CVmortality and

CV events, respectively.

Figure 2B,C predicts person-specific 10-year risks by adding sys-

tolic office BP to diastolic office BP in CV mortality and CV events,

respectively. Simply put, it illustrated the changes in person-specific

10-year risk predictions when office SBP is added to office DBP

and conventional risk factors. More specifically, the figure demon-

strates that the information provided by adding office SBP did not

affect the greater number of individuals. For 90% of the individu-

als, the amount of change in predicting the 10-year absolute risk

of CV mortality (CV events) obtained .7% (2%). The finding indi-

cates that predictive value for assessing the 10-year risk of CV

complications is not substantially improved by adding office SBP to

office DBP.
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F IGURE 2 Diastolic office blood pressure and systolic office blood pressure predict person-specific 10-year absolute risk in CVmortality and
CV events (A). Violin plots reveal median, interquartile range, CI 95%, higher and lower probabilities to predict of absolute risks according to both
diastolic office blood pressure and systolic office blood pressure vs. only diastolic office BP. Diastolic office blood pressure and systolic office blood
pressure predict person-specific 10-year absolute risk in CVmortality (B) and CV events (C). Scatter plots reveal person-specific predictions based
on both diastolic office and systolic office BP versus only diastolic office BP

3.3 The differences in AUC

Table 2 reveals that by adding 24-h SBP to 24-h DBP and also adding

office SBP to office DBP, howmuch does AUC change in both cases CV

mortality and CV events.

In both outcomes and BPs, the AUC for each 10-year outcome

(%) obtained from predictions completed by combined cause-specific

Cox regression (including 24-h DBP and conventional risk factors) was

shown in the first row of Table 1. Also, the differences in AUC (%) for

predictions (including 24-h SBP rather than 24-h DBP and predictions

obtained by adding 24-h SBP, 24-h DBP and conventional risk factors)

were shown in other two rows.

The table shows the differences in AUC predicted 10-year absolute

risks by adding 24-h ambulatory SBP to 24-h ambulatory DBP. When
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TABLE 1 Demographic and basic features of the subjects in the
cohort study

Characteristics N= 2097

Male sex, n (%) 1091 (52)

Smoker, n (%) 907 (43.3)

Currently alcohol intake, n (%) 1803 (86.5)

Hypertension treatment, n (%) 312 (14.9)

History of cardiovascular disease, n (%) 126 (6)

Diabetes, n (%) 70 (3.3)

Systolic and diastolic blood pressure, n (%)

Normal systolic blood pressure 957 (45.6)

Nocturnal systolic blood pressure 91 (4.3)

Normal diastolic blood pressure 1277 (60.9)

Nocturnal diastolic blood pressure 204 (9.7)

Isolated systolic hypertension 251 (12.0)

Age (years), mean (SD) 56.4 (10.3)

Bodymass index (kg/m2), mean (SD) 26.0 (4.1)

Total cholesterol (mmol/L), mean (SD) 6.2 (1.1)

Systolic and diastolic blood pressure (mmHg),

mean (SD)

Systolic office BP 131.2 (19.3)

Systolic 24-h ambulatory BP 128.6 (12.8)

Diastolic office BP 83.27 (10.72)

Diastolic 24-h ambulatory BP 75.11 (8.5)

Follow-up time, years, median (IQR) 12.7 (12.6,12.7)

24-h ambulatory SBP is added to24-h ambulatoryDBP, it did not signif-

icantly increase AUC for 10-year predictions of CV mortality (change

at AUC, .26%; 95% CI, -.2% to .73%; p-value = .27). In addition, by

adding 24-h ambulatory SBP to 24-h ambulatory DBP did not signifi-

cantly enhanceAUC forCVevents (change atAUC, .69%; 95%CI, -.09%

to 1.46%; p-value = .082). Moreover, if office SBP is added to office

DBP, it did not significantly improve AUC for 10-year predictions of CV

mortality (change at AUC, .12%; 95% CI, -.2% to .44%; p-value = .46)

and also in CV events (change at AUC, .04%; 95% CI, -.35% to .42%; p-

value= .854).

3.4 Calibration and discrimination

Figure 3 demonstrates the calibration plots of the two cases,

including CV mortality and CV events in 24-h ambulatory BP.

Also, the Brier scores of office BP in both CV mortality and CV

events cases were .077 (CI: .068, .086) and .078 (CI: .069, .087),

respectively.

In addition, the calibrationplotsof the twoapproaches,CVmortality

and CV events of office BP are represented in Figure 4, which the Brier

scores are .078 (CI: .068, .87) and .077 (CI: .068, .086) in CV mortality

and CV events

3.5 Supplemental material online

The changes in AUC based on secondary outcomes and subgroup out-

puts based on some essential variables, including age, history of CVD,

TABLE 2 AUC and differences in AUC in 24-h ambulatory DBP versus SBP and office DBP versus SBP

24-h DBP and 24-h SBP

Cardiovascularmortality ΔAUC [95%CI] p-Value

10-year risk predictions 24-h DBP 85.03 –

10-year risk predictions 24-h SBP .45 [-.28, 1.17] .228

10-year risk predictions 24-h DBP and 24-h SBP .26 [-.2, .73] .266

Cardiovascular events

10-year risk predictions 24-h DBP 80.47 –

10-year risk predictions 24-h SBP .69 [-.11, 1.49] .091

10-year risk predictions 24-h DBP and 24-h SBP .69 [-.09, 1.46] .082

Office DBP and office SBP

Cardiovascularmortality ΔAUC [95%CI] p-value

10-year risk predictions office DBP 85.1 –

10-year risk predictions office SBP -.04 [-.68, .59] .896

10-year risk predictions office DBP and office SBP .12 [-.2, .44] .461

Cardiovascular events

10-year risk predictions office DBP 80.41 –

10-year risk predictions office SBP -.25 [-.85, .35] .413

10-year risk predictions office DBP and office SBP .04 [-.35, .42] .854
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F IGURE 3 Calibration plots of themodels (CVmortality and CV events) based on 24-h ambulatory BP

antihypertensive treatment, hypertension, nocturnal hypertension and

isolated hypertension effect on person-specific 10-year absolute risks

of CV mortality vs. non-CV mortality and CV events vs. non-CV mor-

tality are given in Tables S1-S3 and Figure S1 in Supplemental material

part.

4 DISCUSSION

In this Glostrup cohort study, the findings show that (I) adding 24-h

ambulatory SBP to 24-h ambulatory DBP does not provide any extra

prognostic information for 10-year person-specific absolute risks of
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F IGURE 4 Calibration plots of themodels (CVmortality and CV events) based on office BP

CV complications (II) adding office SBP to office DBP does not obtain

additional predictive accuracy for 10-year risks of CV events. In other

words, the average population10-year risk ofCVcomplications is iden-

tically predicted from SBP and DBP for both 24-h ambulatory BP and

office BP.

Previous studies focused on estimating hazard ratios using Cox

models.9 These methods have some fundamental weaknesses,

including to choose one important variable between two correlated

variables and to ignore the distribution of events during the follow-up

by using average HR. For these reasons, it seems that using a more

advanced model is necessary to estimate of person-specific predicted

10-year risks and cause-specific hazard ratios. Also, a few studies

have been done based on discriminative ability to assess predictive

performance.8,14 This long-term risk prediction of person-specific is
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related to both approaches, including non-CV mortality in competing

risk and the relationship between BP and CV event. Also, our model

is well able to survey two correlated variables, including DBP and SBP

and necessarily show a significantlymore essential effect on long-term

prediction.

The present study obtained the hazard ratios using cause-specific

cox regression and considered person-specific predictions for 10-year

absolute risks of CV outcomes. Moreover, the current cohort study

assessed the statistical significance of hazard ratios and predictive

accuracy of long-term person-specific predictions. Although high sig-

nificant hazard ratios, it does not lead to substantial changes for long-

term predictions.

According to the findings, the prognostic information for assess-

ing the 10-year risk of CV complications is not improved by adding

24-h ambulatory SBP to 24-h ambulatory DBP and also adding office

SBP to office DBP is to absolute risks obtained by office DBP alone.

In both comparisons, the prognosis information does not change when

the information of SBP is added to DBP in the greater number of per-

sons (Figures 1 and 2).

The results indicate the application of discriminative ability by using

a time-dependent area under the receiver operating characteristic

curve (AUC) for competing risks to evaluating predictive accuracy.

Despite high hazard ratios in the cause-specific Cox regression model,

the effects donot change into statistically significant improvements for

long-term person-specific predictions (Table 2). The concept of AUC

is the probability that an individual who experiences the CV events

or CV mortality received a higher predicted 10-year risk than an indi-

vidual who was alive 10 years after the BP measurements or died

due to non-CV causes. Based on the results, 24-h ambulatory SBP

is not able to add additional prognostic information to 24-h ambula-

tory DBP using time-dependent AUC of discrimination ability in both

CV mortality and CV events (Table 2). Also, office SBP cannot add

prognostic information to office DBP in CV mortality and CV events

(Table 2).

To our knowledge, this study can calculate the long-term risk predic-

tions of individuals. Our research also takes a step further by evaluat-

ing the cause-specific Cox regressionmodel to predict 10-year person-

specific absolute risks of CV events.

5 CONCLUSIONS

It is concluded from the findings of our study that adding SBP to DBP

does not improve the 10-year predictions of fatal and non-fatal CV

events for both 24-h ambulatory BP and office BP

6 RESEARCH LIMITATIONS

The main implication of the study is that it can probably be concluded

that it is not crucial whether SBP or DBP is used to screen an aver-

age population, both BPs are equally important for physicians in other

words. The long-term follow-up on CV events and the large sample

size are the strong points of the study. The study’s critical weakness is

to participate in healthier people than general people because of tak-

ing part by invitation and it returns to the nature of population study.

Therefore, healthier people attend more than the general population

in the study. Besides, a lack of patients with established hypertensive

diseases is another main limitation. Moreover, it should be noted that

these findings resulted from healthy individuals without CV disease

and more studies on patients with different clinical characteristics are

needed to conclude about the assumption.

ACKNOWLEDGMENTS

There are no acknowledgements.

CONFLICT OF INTEREST DISCLOSURE

The authors have no conflict of interest to declare.

FUNDING

None.

ORCID

AtefehTalebi PhD https://orcid.org/0000-0002-8144-9074

ChristianTorp-PedersenMD,DMSC https://orcid.org/0000-0003-

2892-6131

REFERENCES

1. Hansen TW, Jeppesen J, Rasmussen S, Ibsen H, Torp-Pedersen C.

Ambulatory blood pressure and mortality: a population-based study.

Hypertension. 2005; 45: 499-504.
2. Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines on

cardiovascular disease prevention in clinical practice: the Sixth Joint

Task Force of the European Society of Cardiology and Other Societies

on Cardiovascular Disease Prevention in Clinical Practice (constituted

by representatives of 10 societies and by invited experts) Developed

with the special contribution of the European Association for Cardio-

vascular Prevention & Rehabilitation (EACPR). Eur Heart J. 2016; 37:
2315-2381.

3. Protogerou AD, Safar ME, Iaria P, et al. Diastolic blood pressure

and mortality in the elderly with cardiovascular disease. Hypertension.
2007; 50: 172-180.

4. Franklin SS, LarsonMG,Khan SA, et al. Does the relation of blood pres-

sure to coronary heart disease risk change with aging? The Framing-

hamHeart Study. Circulation. 2001; 103(9): 1245-1249.
5. Kannel WB. Hypertension: reflections on risks and prognostication.

Med Clin North Am. 2009; 93: 541-558.
6. Benetos A, Thomas F, SafarME, Bean KE, Guize L. Should diastolic and

systolic blood pressure be considered for cardiovascular risk evalua-

tion: a study in middle-aged men and women. J Am Coll Cardiol. 2001;
37: 163-168.

7. Flint AC, Conell C, Ren X, et al. Effect of systolic and diastolic blood

pressure on cardiovascular outcomes. N Engl J Med. 2019; 381: 243-
251.

8. van Bussel EF, Richard E, Busschers WB, et al. A cardiovascular

risk prediction model for older people: development and valida-

tion in a primary care population. J Clin Hypertens. 2019; 21: 1145-
1152.

9. Hansen T, Jeppesen J, Rasmussen S, Ibsen H, Torppedersen C. Ambu-

latory blood pressure monitoring and risk of cardiovascular disease: a

population based study. Am J Hypertens. 2006; 19: 243-250.
10. HernánMA. The hazards of hazard ratios. Epidemiology. 2010; 21: 13.

https://orcid.org/0000-0002-8144-9074
https://orcid.org/0000-0002-8144-9074
https://orcid.org/0000-0003-2892-6131
https://orcid.org/0000-0003-2892-6131
https://orcid.org/0000-0003-2892-6131


TALEBI ET AL. 769

11. Thijs L, Hansen TW, Kikuya M, et al. The International Database of

Ambulatory Blood Pressure in relation to Cardiovascular Outcome

(IDACO): protocol and research perspectives. Blood Press Monit. 2007;
12: 255-262.

12. O’brien E. Blood pressuremeasuring devices: recommendations of the

European Society of Hypertension. BMJ. 2001; 322: 531.
13. Schemper M, Smith TL. A note on quantifying follow-up in studies of.

Control Clin Trials. 1996; 17: 343-346.
14. Mortensen RN, Gerds TA, Jeppesen JL, Torp-Pedersen C. Office blood

pressureor ambulatory bloodpressure for thepredictionof cardiovas-

cular events. Eur Heart J. 2017; 38: 3296-3304.
15. Andersen PK, Borgan O, Gill RD, Keiding N. Statistical models based on

counting processes. Springer Science & BusinessMedia; 2012.

16. Benichou J, Gail MH. Estimates of absolute cause-specific risk in

cohort studies. Biometrics. 1990: 813-826.
17. Gerds TA, Scheike TH, Andersen PK. Absolute risk regression for com-

peting risks: interpretation, link functions, and prediction. Stat Med.
2012; 31: 3921-3930.

18. BlancheP,Dartigues J-F, Jacqmin-GaddaH. Estimating and comparing

time-dependent areas under receiver operating characteristic curves

for censored event times with competing risks. Stat Med. 2013; 32:
5381-5397.

19. Blanche P, Kattan MW, Gerds TA. The c-index is not proper for

the evaluation of-year predicted risks. Biostatistics. 2019; 20: 347-
357.

20. Kattan MW, Gerds TA. The index of prediction accuracy: an intuitive

measure useful for evaluating risk prediction models. Diagn Progn Res.
2018; 2: 1-7.

21. TeamRC. RCore Team.R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing, 2013.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Talebi A,Mortensen RN, Gerds TA,

Jeppesen JL, Torp-Pedersen C. Prediction of cardiovascular

events from systolic or diastolic blood pressure. J Clin

Hypertens. 2022;24:760–769.

https://doi.org/10.1111/jch.14468

https://doi.org/10.1111/jch.14468

	Prediction of cardiovascular events from systolic or diastolic blood pressure
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Population characteristics
	2.2 | Main outcomes
	2.3 | Measuring blood pressure
	Definition of hypertension with different types of BP measurement
	2.4 | Statistical data analyses

	3 | RESULTS
	3.1 | Baseline characteristics of study participants
	3.2 | The changes of person-specific 10-year risk predictions
	3.3 | The differences in AUC
	3.4 | Calibration and discrimination
	3.5 | Supplemental material online

	4 | DISCUSSION
	5 | CONCLUSIONS
	6 | RESEARCH LIMITATIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST DISCLOSURE
	FUNDING
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


