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ABSTRACT

OBJECTIVE

To evaluate and quantify the future risk of
cardiovascular events in young adults with high blood
pressure.

DESIGN
Systematic review and meta-analysis.

DATA SOURCES

Medline, Embase, and Web of Science were searched
from inception to 6 March 2020. Relative risks were
pooled using a random effects model and expressed
with 95% confidence intervals. Absolute risk
difference was calculated. Dose-response relations
between blood pressure and individual outcomes
were assessed by a restricted cubic spline model.

ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Studies were selected that investigated the adverse
outcomes of adults aged 18-45 with raised blood
pressure. The primary study outcome was a composite
of total cardiovascular events. Coronary heart disease,
stroke, and all cause mortality were examined as
secondary outcomes.

RESULTS

Seventeen observational cohorts consisting of
approximately 4.5 million young adults were included
in the analysis. The average follow-up was 14.7
years. Young adults with normal blood pressure had
increased risk of cardiovascular events compared with
those with optimal blood pressure (relative risk 1.19,
95% confidence interval 1.08 to 1.31; risk difference
0.37, 95% confidence interval 0.16 to 0.61 per 1000
person years). A graded, progressive association

was found between blood pressure categories and
increased risk of cardiovascular events (high normal
blood pressure: relative risk 1.35, 95% confidence

WHAT IS ALREADY KNOWN ON THIS TOPIC

populations

Associations between high blood pressure and cardiovascular risk have long
been recognised, but most outcome studies included middle aged or older

The prevalence of hypertension among young adults has been increasing
Further research is needed to determine whether cumulative exposure to
raised blood pressure during young adulthood contributes to higher risks of
cardiovascular events in later life

WHAT THIS STUDY ADDS

A graded, progressive association between blood pressure categories and risk of
cardiovascular events was observed in young adults

Systolic and diastolic blood pressure each independently influenced
cardiovascular outcomes in young adults
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interval 1.22 to 1.49; risk difference 0.69, 95%
confidence interval 0.43 to 0.97 per 1000 person
years; grade 1 hypertension: 1.92, 1.68 to 2.19;
1.81, 1.34 to 2.34; grade 2 hypertension: 3.15, 2.31
t0 4.29; 4.24, 2.58 to 6.48). Similar results were
observed for coronary heart disease and stroke.
Generally, the population attributable fraction for
cardiovascular events associated with raised blood
pressure was 23.8% (95% confidence interval 17.9%
to 28.8%). The number needed to treat for one year
to prevent one cardiovascular event was estimated
at 2672 (95% confidence interval 1639 to 6250) for
participants with normal blood pressure, 1450 (1031
to 2326) for those with high normal blood pressure,
552 (427 to 746) for those with grade 1 hypertension,
and 236 (154 to 388) for those with grade 2
hypertension.

CONCLUSIONS

Young adults with raised blood pressure might have a

slightly increased risk of cardiovascular events in later
life. Because the evidence for blood pressure lowering
is limited, active interventions should be cautious and
warrant further investigation.

Introduction
Cardiovascular events are responsible for more than
18 million deaths each year, which is around one third
of all global deaths.! ? High blood pressure is a well
recognised remediable risk factor for cardiovascular
events. Currently, two different blood pressure
thresholds are used to diagnose hypertension: the
traditional threshold of 140/90 mm Hg’ and the newly
recommended threshold of 130/80 mm Hg given in the
2017 guideline by the American College of Cardiology
and American Heart Association.” Although different
criteria are implemented for diagnosing hypertension,
their therapeutic recommendation is similar and
largely driven by the risk of cardiovascular disease.’ *
Most randomised outcome studies have involved
participants who are at high risk or are over the age of
55.° Therefore frequently used risk prediction models
or guidelines are mainly based on studies among older
people,® * ¢ whereas the association between blood
pressure and cardiovascular event risks among young
adults is under studied. Although hypertension is
traditionally a more prevalent disease in older people,
recent epidemiological studies have shown that the
incidence is progressively rising among the young.’
Further research is needed to determine whether
cumulative exposure to raised blood pressure during
young adulthood contributes to higher risks of
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cardiovascular events in later life. Systematic reviews or
randomised control trials investigating the associations
of raised blood pressure with risks of cardiovascular
events among young adults are lacking. Only a limited
number of observational studies exist.>?** However,
substantial heterogeneity has been observed, varying
in risk thresholds and the associations with different
disease outcomes. An Indian cohort study showed
that the risk of cardiovascular mortality increased
in participants aged 34-44 years with systolic blood
pressure from the category 140-159 mm Hg,?* while
in several other cohorts, the blood pressure threshold
associated with cardiovascular events was around
120/80 mm Hg.?? > Additionally, Son and colleagues
reported that higher measured blood pressure in
early adulthood was associated with increased risks
of all cardiovascular outcomes,® whereas in the
Harvard Alumni Health Study, the exposure-outcome
association was exclusive of strokes.'

With these inconsistent findings in mind, an up-
to-date understanding of the association of blood
pressure with different cardiovascular outcomes is
needed, which would help to refine strategies for
primary prevention and to inform the design of future
clinical trials. We conducted a systematic review and
meta-analysis of published studies to quantify the
association between blood pressure categories and
the future risk of cardiovascular events in young
adults. Additionally we assessed if increases in systolic
and diastolic blood pressure differentially impacted
distinctive clinical outcomes.

Methods

This study was conducted under a predefined
protocol (supplementary appendix 1), following the
recommendations of the Cochrane handbook? and
reporting in accordance with the PRISMA (preferred
reporting items for systematic reviews and meta-
analysis) statement.’® The protocol was amended
once on 6 March 2020; the search end date and search
strategies were updated. Extra statistical analyses were
also performed. Additionally, the grading quality of
this meta-analysis was reported and evaluated by using
the GRADE (grading of recommendations assessment,
Development and evaluation) approach.”” According
to the protocol deviation process guide, these changes
were considered minor protocol deviations.*®

Inclusion and exclusion criteria
We considered studies to be eligible if they were
longitudinal cohort studies that enrolled adults aged
18-45 years, and reported the association between
increased blood pressure and the study outcomes.
The primary study outcome was a composite of total
cardiovascular events—coronary heart disease, stroke,
heart failure, other types of cardiovascular diseases,
and any cardiovascular deaths. We examined coronary
heart disease, stroke, and all cause mortality as
secondary outcomes.

We excluded studies if they were review articles,
case reports, cross sectional studies, or randomised
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controlled trials comparing efficacy of antihypertensive
medications; or if the study population was
complicated with some other overt diseases, including
cardiovascular diseases, kidney disease, diabetes,
pulmonary hypertension, cancers, hyperthyroidism,
connective tissue disease, rheumatoid arthritis, mental
diseases or obstructive sleep apnoea. We also excluded
studies involving pregnant participants, critically
ill patients, or those admitted to hospital, studies
recording fewer than three groups of blood pressure
strata, or providing insufficient data to allow for risk
estimates to be calculated.

Data sources and searches

We searched Medline, Embase, and Web of Science for
articles from inception to 6 March 2020. Supplementary
appendix 2 gives the detailed search strategy that used
several search terms: (hypertension OR blood pressure)
AND (cardiovascular disease OR coronary artery disease
OR coronary heart disease OR myocardial infarction OR
ischaemicheartdisease ORacute coronary syndrome OR
stroke OR cerebrovascular accident OR cerebrovascular
disease OR cardiovascular events OR cardiovascular
deaths OR heart failure OR diabetes OR renal failure
OR chronic kidney disease) AND (cohort OR follow up)
AND (age OR young). No restrictions were applied based
on sex, location, languages, or duration of follow-up.
We searched the reference lists of the included studies
and relevant review articles, and contacted authors
of potentially eligible articles to request additional
data. Hand searching from the Google Scholar, China
National Knowledge Infrastructure, or Wanfang
datasets was conducted for additional grey literature,
including government reports, insurance reports,
conference proceedings, and digital dissertations. We
also searched ClincalTrials.gov and the World Health
Organization International Clinical Trials Registry
Platform for ongoing or unpublished eligible studies.
If duplicate studies were found from the same cohort
that offered similar outcome measures, we included
the studies reporting the most relevant data. However,
if duplicate studies offered information for different
outcomes, they were included in the pooled analysis
for specific outcome analysis.

Two reviewers (DL and YC) screened all titles that met
the inclusion criteria and then the remaining abstracts
were screened. The full manuscripts were screened by
the same reviewers to make the final decision for all
included studies. Any disagreements were resolved by
consensus.

Data extraction and quality assessment

Two reviewers (DL and YC) performed independent
double data extraction. Core baseline and outcome
data were extracted, including first author, year
of publication, region/country, study type, year
of enrolment, number and age of the included
participants, follow-up duration, male sex proportion,
body mass index, mean blood pressure level of each
blood pressure stratum, the methods used for blood
pressure measurement, and the study outcomes.
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Blood pressure was stratified into five subgroups:
optimal blood pressure (systolic blood pressure <120
mm Hg and diastolic blood pressure <80 mm Hg),
normal blood pressure (120-129 and 80-84 mm Hg),
high normal blood pressure (130-139 and 85-89 mm
Hg), grade 1 hypertension (140-159 and 90-99 mm
Hg), and grade 2 hypertension (160 and >100 mm
Hg) based on the 2018 European guideline.” Optimal
blood pressure was the reference category for relative
risks. The information was obtained from published
data or calculated by using the raw data.

We used the Newcastle-Ottawa scale to assess the
characteristics and quality of included studies. Briefly,
the scale is based on a star system and includes three
broad perspectives: selection of the study groups,
comparability of the groups, and ascertainment of
the outcome of interest.” Total score is calculated
by summing the score for each answer. Studies are
considered of good quality if the total score is at
least 7/9. Two reviewers (DL and YC) independently
conducted quality assessments of the included studies.
Disagreements were resolved by discussion and
further review. Publication bias was assessed by visual
inspection of funnel plots and by Egger’s statistical
tests.’® We considered a P value less than 0.05 to be
evidence of small study effects.

Data synthesis and analysis

We used the STATA version 15.0 (Stata Corp, College
Station, TX) software package to conduct random
effects meta-analysis by using the inverse variance
method for pooling log relative risks. Random effects
was used because the studies were conducted over a
wide range of settings in different populations. This
approach required that heterogeneity be considered
when making the pooled effect estimate. If possible,
we chose to pool the risk estimates from primary
studies, and when these data were not available, raw
data were used to calculate unadjusted risk estimates.
Pooled relative risks were expressed with 95%
confidence intervals. The absolute risk difference was
calculated by using the formula [(RR-1)*I ], where RR
indicates pooled relative risks and I, is the incidence
of cardiovascular events per 1000 person years among
young adults with optimal blood pressure.*!

We present benefit after one year of treatment in
terms of number needed to treat for one year. This
calculation assumed that the effect of treatment could
help to lower the increased blood pressure to an
optimal level and the event rate could be reduced to
the same level as that in the population with optimal
blood pressure. Number needed to treat was calculated
directly as the reciprocal of the absolute risk difference
between participants with increased blood pressure
and optimal blood pressure.>? Additionally, we used the
formula pd*[(RR-1)/RR] to calculate the population
attributable fractions for each categorical blood
pressure level in comparison to the reference category
of optimal blood pressure, where pd, represents the
proportion of total events in the population arising
from the ith exposure category.>?
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In the dose-response analysis, we used restricted
cubic splines to assess the pooled dose-response
relation between blood pressure and individual
outcomes. Nonlinear models were fitted and the results
presented with 95% confidence intervals.** We used
mean values of the systolic blood pressure or diastolic
blood pressure reported by the original studies, or
calculated the average level by estimating the midpoint
in each category. To enable the total person years of
observation to be calculated, we included data from
reports that specified total person time of follow-up, or
sample size and median follow-up per person.

We used the y? test to assess heterogeneity across
studies, expressed as Cochran’s Q and I’ statistics,
together with 95% confidence intervals. Values of
0-25% represented minimal heterogeneity, 26-75%
represented moderate heterogeneity, and values greater
than 75% represented substantial heterogeneity.>®

We performed meta-regression and stratified analyses
to assess the potential sources of heterogeneity. Studies
were stratified into different subgroups based on age
(younger than or older than 30 years); body mass index
(225 or <25); sample size (2100000 or <100 000);
median follow-up duration (>20 or <20 years); year of
enrolment (before or after 1980); population regions
(Asia, Europe, or North America); and Newcastle-
Ottawa scale scores (>7 or <7). For studies reporting
subgroups stratified by sex, we combined results from
the male subgroups and studies that were all male,
which were then compared with the pooling results of
the female subgroups. We separated studies based on
male proportion (290% or <90%) to further explore the
potential effect of sex distribution on the associations
of high blood pressure and cardiovascular risks.

We conducted further sensitivity analyses by
leaving out studies with high risk of bias®'; removing
studies with only male participants'® '? 1° 17 2224 of
military members'®; excluding studies of retrospective
design® ¥ ?* or using non-equivalent outcome
definitions® **; or limiting studies to those involving
only untreated participants,® 1> 3 1 2 2 ysing a
mercury sphygmomanometer for blood pressure
measurements,'?* 22> or reporting some levels of
adjustment.®?? 1> 1823 Al statistical tests were two
sided and a P value less than 0.05 was considered
statistically significant.

Patient and public involvement

No patients or the public were involved in setting the
research question or the outcome measures, nor were
they involved in developing plans for recruitment,
design, or implementation of the study. No patients
or the public were asked to advise on interpretation
or writing up of results. We had no way of directly
contacting participants from the original studies.

Results

Description of studies included in the analysis

From 57519 published records, 828 remained
eligible for inclusion based on screening of the titles
and abstracts. After reading the full manuscripts, a
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total of 17 studies were included in the analysis®?*
(fig 1). The studies examined 4533292 young adults
(ranging from 3490 to 2488101 in each study), with
an average follow-up of 14.7 years (ranging from 4.3
to 56.3 years in each study). Table 1 gives details of
the study characteristics. Three of the studies were
retrospective cohort studies and 14 were prospective.
All studies reported the outcome of cardiovascular
events (coronary heart disease or stroke) and only
eight reported the outcome of all cause mortality.

We found no evidence of publication bias across
different blood pressure categories based on visual
inspection of funnel plots and the results from Egger’s
tests (all P>0.05; supplementary appendix 3, fig
S1). Table 2 reports Newcastle-Ottawa scale scores
and quality assessment of the included studies;
only one study scored lower than 7, indicating fair
quality.”! All the other studies were recorded as good
quality and low risk of bias based on total scores
higher than 7. Most studies were rated as including
representative participants for the general population.
All but one study reported adequately on outcome
ascertainment.'® According to the GRADE summary
of evidence, the quality of evidence was rated as
moderate to high for the outcomes of cardiovascular
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events, coronary heart disease and stroke, but low for
all cause mortality except for the category of grade 2
hypertension (supplementary appendix 3, table S1).

Increased blood pressure and primary study
outcome
During follow-up, 85674 cardiovascular events
occurred. The event rate of cardiovascular events
in young adults with optimal blood pressure was
estimated to be 1.97 per 1000 person years (95%
confidence interval 1.48 to 2.46). Figure 2 shows
a graded, progressive association between blood
pressure categories and the primary outcome. Young
adults with normal blood pressure (relative risk 1.19,
95% confidence interval 1.08 to 1.31; risk difference
0.37, 95% confidence interval 0.16 to 0.61 per 1000
person years), high normal blood pressure (1.35, 1.22
to 1.49; 0.69, 0.43 to 0.97), grade 1 hypertension
(1.92, 1.68 to 2.19; 1.81, 1.34 to 2.34), and grade
2 hypertension (3.15, 2.31 to 4.29; 4.24, 2.58 to
6.48 per 1000 person years) had increased risk of
cardiovascular events compared with those with
optimal blood pressure.

The heterogeneity of relative risks was substantial
and statistically significant across studies (Q=42.5,

R 101 627

Potentially relevant articles identified from Medline, Embase and Web of Science

38913 Medline

37 363 Embase

F

25351 Web of Science

44108

Duplicated and removed

Potentially relevant articles

A

A

(B 56691

Articles not associated with blood pressure
and study outcomes, not observational
cohort studies, involving participants older
than 45 years or younger than 18 years, or
with overt diseases were excluded by
screening the titles and abstracts

h 828
Potential articles for detailed evaluation

R 804
\ > Full text articles excluded owing to
insufficient data on blood pressure
strata in young adult subgroup
v
Eligible articles included
L,
Excluded owing to same cohorts
v

Studies included in meta-analysis

Fig 1 | Flowchart of selection of studies included in meta-analysis
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Table 1 | Core characteristics of included studies

Study design  Population Year of Age Male sex Body mass Follow-up

Study Region (country) (cohort) at risk enrolment (years) (%) index (years) Study outcomes

Selmer 1992 Europe (Norway) Prospective 9827 196301964 35 43.0 25.3 20 CV events, CHD, stroke, and all
cause mortality

Glasgow Alumni 2000 Europe (UK) Prospective 8345 1948t0 1968 20.5 100 21.7 41.3 CV events, CHD, stroke, and all
cause mortality

CHA 20017 North America (US)  Prospective 10874 1967 to 1973  29.7 100 26 25 CV events, CHD, and all cause
mortality

Strandberg 2001"? Europe(Finland) Prospective 3490 1964t0 1973 37.5 100 25.9 27 CV events and all cause mortality

MRFIT 20027 North America (US)  Prospective 148204  1973t0 1975 40 100 27.7 22 CV events

Falkstedt 2008'° Europe (Sweden) Prospective 47873 196901970 19 100 21 18 CHD and stroke

Sauvaget 2010°! Asia (India) Prospective 62 435 1996 t0 2004 40 38.4 21.3 7 CV events, CHD, and stroke

HAHS 2011%° North America (US)  Prospective 18881 19621t0 1966 18.3 100 21.7 56.3 CV events, CHD, stroke, and all
cause mortality

Sundstrom 2011%° Europe (Sweden) Prospective 1207141 1969t0 1995 18.4 100 21.7 24 CV events and all cause mortality

CARDIA 20187 North America (US) ~ Prospective 4851 198510 1986  35.7 45.2 27.7 18.8 CV events, CHD, stroke, and all
cause mortality

CMCS 2018%° Asia (China) Prospective 8551 1992101993 393  47.0 24.2 13.7 CV events, CHD, and stroke

KNHI 2018°% Asia (Korea) Retrospective 2488101 2002 to 2005 31 68.3 23.1 10 CV events, CHD, and stroke

EPOCH-JAPAN 2019'®  Asia (Japan) Prospective 107 737 1980 t0 2002 35 42.4 23.1 15.2 CV events, CHD, and stroke

Jee 2019% Asia (Korea) Retrospective 118531 1992101994 267 100 223 23 CV events, CHD, and stroke

Kim 2019%° Asia (Korea) Retrospective 232 349 2011to 2016 39 54.0 23.2 4.3 CV events, CHD, and stroke

Liu 2019 Asia (China) Prospective 20072 2004 to 2006  41.5 49.9 24.1 12.5 CV events, CHD, stroke, and all
cause mortality

Zhang 2019"? North America (US)  Prospective 36030 1971t02002 30 44.5 26.8 17 CV events, CHD, and stroke

CHD=coronary heart disease; CV=cardiovascular.

I’=74.1%, P<0.001 for normal blood pressure;
Q=104.2, >=85.6%, P<0.001 for high normal blood
pressure; Q=175.8, 1°=91.5%, P<0.001 for grade
1 hypertension; Q=216.6, 1’=95.8%, P<0.001 for
grade 2 hypertension; fig 2). Therefore, we conducted
sensitivity analyses across various scenarios to assess
whether and to what extent the heterogeneity could be
reduced. As a result, the heterogeneity reduced from
substantial to moderate (supplementary appendix 3,
table S2) when the analyses were confined to studies
including only untreated participants® !2 131220 2 or
when a mercury sphygmomanometer was used for
blood pressure measurements, >4 2123

To further explore the source of heterogeneity,
we performed stratified analyses in the predefined
subgroups. The findings of increased cardiovascular

risk associated with high blood pressure were
consistently observed in most of the stratified
analyses (table 3). Differences in study sample
size, study quality, follow-up duration, population
regions, or body mass index were not major sources
of heterogeneity. Additionally, summary estimates of
the risk increasing association were identical for both
sexes. The stratification based on male proportion
(290% v <90%) did not reveal a major difference in
the exposure-outcome associations, which suggested
that the disparity in sex proportion did not have an
important effect on our findings. Also, the pattern of
association did not change materially after removing
studies that had all male participants'® > 1> 17 2%
24 or only military members.’® Although the year of
enrolment for individual studies could be a source of

Table 2 | Newcastle-Ottawa scale scores and quality assessment of included studies

Selection Outcome

Study Representativeness  Selection  Ascertainment  Outcome Comparability Assessment Follow-up  Adequacy  Quality*
Selmer 1992 2 2 3 — - = 2 3 Good (8)
Glasgow Alumni 2000%  * & i * * * * * Good (9)
CHA 20017 * * * * o * * * Good (9)
Strandberg 2001 * * — * *x * * * Good (8)
MRFIT 20022 * * @ 2 8 2 @ @ Good (9)
Falkstedt 2008"° & @ & & E & @ & Good (9)
Sauvaget 2010%! = E E - = = E e Fair (6)

HAHS 2011 i * * i pid i * * Good (9)
Sundstrom 20111° & & @ & o5 * & @ Good (9)
CARDIA 20187 i * * i * i * * Good (9)
CMCS 20187° * * * * *x * * * Good (9)
KNHI 2018° * * * i * i * * Good (9)
EPOCH-JAPAN 2019'® * = * * o * * * Good (8)
Jee 2019* * — * * * * * * Good (7)
Kim 2019"° o . = * o5 & — = Good (8)
Liu 2019 * * — * * * * * Good (7)
Zhang, 2019"? 2 - * * * * * * Good (7)

*Total stars awarded.

thelbmj | BMJ2020;370:m3222 | doi: 10.1136/bmj.m3222

yBuAdoo Aq paroslold 1senb Aq TZoz Arenigad 9 uo jwod fwg mmmy/:dny woly pspeojumod "0Z0Z J8qwaldas 6 uo zzzew lwa/9eTT 0T Se paysignd 11y (NG


http://www.bmj.com/

RESEARCH

Study Event People Relative risk Relative risk 12
atrisk (95% CI) (95% CI) (95% CI)
Normal
Glasgow Alumni 2000 70 2266 —_— 1.47 (0.83t02.62)
CHA 2001 30 2194 —_— 0.78 (0.41t0 1.47)
Strandberg 2001 64 951 —’—— 0.93(0.65 to 1.33)
MRFIT 2002 1051 40424 # 1.41(1.27 t0 1.55)
Sundstrom 2011 1350 513167 # 1.25(1.12t0 1.38)
KNHI 2018 4272 267790 é 1.09 (1.04t0 1.14)
CARDIA 2018 21 445 —_——— 1.67(1.01t0 2.77)
CMCS 2018 24 595 —— 1.75(1.11 t0 2.76)
Kim 2019 108 15172 —-‘— 1.37(1.11t0 1.68)
Zhang 2019 2294 7313 # 1.00(0.90t0 1.11)
Liu 2019 115 3110 —’— 1.06 (0.83 to 1.36)
EPOCH-JAPAN 2019 1872 22132 —‘— 1.11(0.83 t0 1.48)
Subtotal: (Cochran's Q=42.48, P<0.001) - 1.19(1.08t0 1.31) 74.11(54.22 to 85.43)
High normal
Selmer 1992 60 4756 —— 1.57(0.98t0 2.51)
Glasgow Alumni 2000 111 2515 —— 1.70(0.97 t0 2.97)
CHA 2001 54 2773 L 2 1.06 (0.49 t0 2.31)
Strandberg 2001 103 918 —-0— 1.54(1.12t0 2.14)
MRFIT 2002 1159 33395 ’ 1.88(1.70 t0 2.07)
Sauvaget 2010 113 31737 L 4 0.86(0.26 to 2.90)
HAHS 2011 1384 9577 ¢ 1.13(1.04 t0 1.24)
Sundstrom 2011 553 247466 0 1.06 (0.94 to 1.20)
KNHI 2018 18526 938908 1.25(1.22t01.29)
CARDIA 2018 64 1194 —_—— 1.75(1.22 t0 2.53)
CMCS 2018 93 2072 —’— 1.87(1.38t0 2.54)
Kim 2019 298 33086 —0— 1.45(1.26 t0 1.68)
Jee 2019 2680 50160 % 1.20(1.10 to 1.30)
Zhang 2019 721 1680 —0— 0.99(0.82to 1.21)
Liu 2019 414 7502 f’— 1.48(1.22t01.78)
EPOCH-JAPAN 2019 2158 22094 — — 1.27(0.97 to 1.66)
Subtotal: (Cochran's Q=104.20, P<0.001) - 1.35(1.22t0 1.49) 85.60(78.13 to 90.52)
Grade 1 hypertension
Selmer 1992 40 1547 ——— 3.21(1.94t05.31)
Glasgow Alumni 2000 111 2344 —_— 1.74(0.99 to 3.05)
CHA 2001 97 3963 L 2 1.17 (0.55 to 2.50)
Strandberg 2001 78 542 —— 1.98(1.41t02.78)
MRFIT 2002 1721 33248 e 2.80(2.55t0 3.07)
Sauvaget 2010 39 11066 * 1.16 (0.34t0 4.01)
HAHS 2011 530 2176 ‘ 1.28(1.14 t0 1.44)
Sundstrom 2011 807 224776 ’ 1.70(1.52t0 1.91)
KNHI 2018 9399 289519 Q 1.78 (1.71 t0 1.85)
CARDIA 2018 79 638 —‘— 3.49 (2.42t0 5.05)
CMCS 2018 82 1085 —— 2.65(1.92 to 3.66)
Kim 2019 132 8633 —’— 2.12(1.74t0 2.58)
Jee 2019 648 9105 -’ 1.70 (1.50 to 1.80)
Zhang 2019 104 209 —0— 1.06 (0.78 to 1.44)
Liu 2019 592 4696 —’— 2.59 (1.99 to 3.36)
EPOCH-JAPAN 2019 2992 24143 ’ 1.58(1.43t0 1.74)
Subtotal: (Cochran's Q=175.76, P<0.001) - 1.92(1.68t02.19) 91.53(87.82t094.11)
Grade 2 hypertension
Selmer 1992 16 313 —‘—» 6.31(3.39t0 11.74)
Glasgow Alumni 2000 24 349 —’—— 2.69 (1.50 to 4.85)
CHA 2001 62 1014 —’—— 217 (1.27t0 3.71)
Strandberg 2001 49 182 —-’— 3.70(2.58t0 5.31)
MRFIT 2002 924 9491 # 5.27 (4.76 t0 5.83)
Sauvaget 2010 25 4663 * 4.59(1.771t0 11.92)
HAHS 2011 122 380 —‘— 1.51(1.23t0 1.86)
CMCS 2018 57 450 ——‘— 3.81(2.611t05.55)
Jee 2019 804 9106 ‘ 2.90(2.50 to 3.30)
EPOCH-JAPAN 2019 2039 11361 é 2.36 (2.20t0 2.53)
Subtotal: (Cochran's Q=216.55, P<0.001) - 3.15(2.31t04.29) 95.83(94.01 t0 97.14)

0.25 0.5 1 2 4 8

Note: Weights are from random effects analysis

Fig 2 | Forest plot of relative risks of cardiovascular events across blood pressure categories compared with optimal blood pressure. RR=relative risk
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heterogeneity, we did not observe important secular
trends when pooling studies conducted before or
after the 1980s (table 3). However, the associations
of blood pressure above high normal blood pressure
level and risks of cardiovascular events were
more evident in young adults aged over 30 years,
suggesting that age could be one of the sources of
study heterogeneity.

Increased blood pressure and secondary study
outcomes

The event rates for coronary heart disease, stroke,
and all cause mortality in young adults with optimal
blood pressure level were estimated to be 1.07 (95%
confidence interval 0.77 to 1.38), 0.94 (0.67 to
1.21), and 3.12 (1.40 to 4.84) per 1000 person years,
respectively. The relative risk for coronary heart disease
was 1.09 (95% confidence interval 0.99 to 1.21; risk
difference 0.10, 95% confidence interval —0.01 to 0.22
per 1000 person years) for normal blood pressure,
1.25(1.18 to 1.34; 0.27, 0.19 to 0.36) for high normal
blood pressure, 1.65 (1.48 to 1.84; 0.70, 0.51 t0 0.90 )
for grade 1 hypertension, and 2.27 (1.86 to 2.78; 1.36,
0.92 to 1.90) for grade 2 hypertension compared with
optimal blood pressure (fig 3).

Similarly, young adults with normal blood pressure
(relative risk 1.14, 95% confidence interval 1.03 to
1.27; risk difference 0.13, 95% confidence interval
0.03 to 0.25 per 1000 person years), high normal
blood pressure (1.27, 1.15 to 1.39; 0.25, 0.14 to
0.37), grade 1 hypertension (1.89, 1.56 to 2.28;
0.84, 0.53 to 1.20), and grade 2 hypertension (2.87,
2.07 to 3.96; 1.76, 1.01 to 2.78) had increased risk
of stroke compared with those with optimal blood
pressure (fig 4). For all cause mortality, the risk
increased above a blood pressure of 140/90 mm
Hg, with a 42% higher risk for grade 1 hypertension
(relative risk 1.42, 95% confidence interval 1.18 to
1.71; risk difference 1.31, 95% confidence interval
0.56 to 2.22 per 1000 person years) and a double risk
for grade 2 hypertension (2.01, 1.38 to 2.93; 3.15,
1.19 to 6.02; fig 5).

The heterogeneity of relative risks was moderate to
substantial for the outcomes of stroke and all cause
mortality across high normal blood pressure (Q=25.4,
1’=52.8%, P=0.01 for stroke; Q=21.3, I’=67.1%,
P=0.003 for all cause mortality; fig 4 and fig 5),
grade 1 hypertension (Q=86.3, 1’=86.1%, P<0.001
for stroke; Q=93.8, 1’=92.5%, P<0.001 for all cause
mortality; fig 4 and fig 5), and grade 2 hypertension
strata (Q=25.7, I*’=76.6%, P<0.001 for stroke; Q=36.5,
17=89.0%, P<0.001 for all cause mortality; fig 4 and
fig 5). However, for the normal blood pressure stratum
(Q=10.6, 1’=24.4%, P=0.23 for stroke; Q=10.6,
1°=0.0%, P=0.46 for all cause mortality; fig 4 and fig
5) and coronary heart disease outcome associated with
normal blood pressure (Q=13.6, 1*’=33.7%, P=0.14; fig
3), high normal blood pressure (Q=16.5, 1°=21.1%,
P=0.23; fig 3), and grade 2 hypertension (Q=9.7,
1’=27.8%, P=0.21; fig 3), we did not observe any
significant heterogeneity.
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Number needed to treat and dose-response relation
between blood pressure and all study outcomes
Assuming that the effect of treatment could help to
lower increased blood pressure to the optimal level
and the risk attributable to raised blood pressure was
removed by treatment, the number needed to treat
for one year to prevent one cardiovascular event was
estimated to be 2672 (95% confidence interval 1639
to 6250) for those with normal blood pressure, 1450
(1031 to 2326) for those with high normal blood
pressure, 552 (427 to 746) for those with grade 1
hypertension, and 236 (154 to 388) for those with
grade 2 hypertension. Figure 6 shows the estimated
number needed to treat to prevent one event of
coronary heart disease, stroke, and all cause mortality.
Generally, the population attributable fraction for the
cardiovascular events associated with raised blood
pressure was 23.8% (95% confidence interval 17.9%
to 28.8%). The attributional effects increased across
blood pressure increments: 2.1% (1.0% to 3.1%) for
normal blood pressure, 8.6% (6.0% to 10.9%) for high
normal blood pressure, and 13.0% (11.0% to 14.8%)
for a hypertensive blood pressure level (fig 6). Similar
results were observed for coronary heart disease and
stroke (fig 6).

The risk increasing associations of blood pressure
categories with cardiovascular events, coronary heart
disease, and stroke were similar when using mean
systolic and diastolic blood pressure values. Figure 7
shows that systolic blood pressure higher than 120-
129 mm Hg was associated with an increased risk of
cardiovascular events, coronary heart disease, and
stroke in a dose responsive manner (fig 7, top panel).
Similarly, the association of diastolic blood pressure
with risk of cardiovascular events, coronary heart
disease, and stroke monotonically increased from a
level of 80 mm Hg (fig 7, bottom panel). For all cause
mortality, the risk associated with systolic blood
pressure increased from a level above 150-160 mm Hg,
and an association with diastolic blood pressure was
observed above 80-90 mm Hg. Independently, every
10 mm Hg increment of systolic blood pressure was
associated with a 5% increased risk of cardiovascular
events (relative risk 1.05, 95% confidence interval
1.03 to 1.06), a 3% increased risk of coronary heart
disease (1.03, 1.02 to 1.04), a 4% increased risk of
stroke (1.04, 1.02 to 1.05), and a 2% increased risk of
all cause mortality (1.02, 1.01 to 1.03). For diastolic
blood pressure, each 5 mm Hg increment resulted in
a 4% increased risk of cardiovascular events (1.04,
1.03 to 1.05), a 2% increased risk of coronary heart
disease (1.02, 1.02 to 1.03), a 3% increased risk of
stroke (1.03, 1.02 to 1.04), and a 2% increased risk of
all cause mortality (1.02, 1.01 to 1.03).

Discussion

Principal findings

Limited evidence exists of an association between
higher blood pressure and the risk of clinically
manifest cardiovascular events in young adults.
A systematic review of the literature provided
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Study Event People
atrisk
Normal
Glasgow Alumni 2000 44 2266
CHA 2001 22 2194
Falkstedt 2008 436 14477
KNHI 2018 2485 267790
CMCS 2018 9 595
CARDIA 2018 13 445
Kim 2019 69 15172
Zhang 2019 1423 7313
Liu 2019 11 3110
EPOCH-JAPAN 2019 534 22132

Subtotal: (Cochran's Q=13.57, P=0.14)

High normal

Selmer 1992 50 4756
Glasgow Alumni 2000 81 2515
CHA 2001 40 2773
Falkstedt 2008 531 14935
Sauvaget 2010 97 31737
HAHS 2011 980 9577
KNHI 2018 10957 938908
CMCS 2018 34 2072
CARDIA 2018 33 1194
Kim 2019 198 33086
Jee 2019 1172 50160
Zhang 2019 449 1680
Liu 2019 55 7502
EPOCH-JAPAN 2019 772 22094

Subtotal: (Cochran's Q=16.47, P=0.23)
Grade 1 hypertension

Selmer 1992 34 1547
Glasgow Alumni 2000 79 2344
CHA 2001 78 3963
Falkstedt 2008 492 12386
Sauvaget 2010 31 11066
HAHS 2011 315 2176
KNHI 2018 5437 289519
CMCS 2018 31 1085
CARDIA 2018 34 638
Kim 2019 77 8633
Jee 2019 283 9105
Zhang 2019 64 209
Liu 2019 54 4696

EPOCH-JAPAN 2019 953 24143
Subtotal: (Cochran's Q=23.38, P=0.04)
Grade 2 hypertension

Selmer 1992 I 313
Glasgow Alumni 2000 19 349
CHA 2001 46 1014
Sauvaget 2010 16 4663
HAHS 2011 80 380
CMCS 2018 16 450
Jee 2019 352 9106

EPOCH-JAPAN 2019 588 11361
Subtotal: (Cochran's Q=9.69, P=0.21)

Relative risk
(95%ClI)

L 4

L 4

0.25

Note: Weights are from random effects analysis
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0.5

Relative risk
(95%CI)

1.19(0.62 to 2.32)
0.72(0.35to 1.49)
1.21 (1.00 to 1.45)
1.05 (1.00 to 1.09)
1.99(0.93 t0 4.29)
1.95(1.01 t0 3.77)
1.26 (0.97 t0 1.63)
0.97(0.84t01.12)
0.71(0.34 to 1.47)
1.10(0.62 to 1.94)
1.09(0.99to 1.21)

1.65(0.97 to 2.79)
1.65(0.88t0 3.12)
0.99(0.40 to 2.41)
1.43(1.19t0 1.71)
1.09(0.25t0 4.71)
1.21(1.07 to 1.36)
1.21(1.14t0 1.27)
1.97 (1.16 to 3.35)
1.56 (0.94 to 2.59)
1.36 (1.14 t0 1.62)
1.20 (1.10 to 1.40)
0.94(0.73t0 1.21)
1.34(0.80t0 2.23)
1.57 (1.05t0 2.37)
1.25(1.18 t0 1.34)

3.45(1.97 t0 6.02)
1.66 (0.88 t0 3.13)
1.17(0.49 to 2.78)
1.59(1.33t0 1.91)
1.32(0.30t0 5.88)
1.46 (1.25t0 1.70)
1.59(1.39t0 1.82)
2.65(1.52 t0 4.63)
2.80(1.66 to 4.72)
1.74(1.35t0 2.24)
1.60 (1.40 to 1.80)
0.99 (0.67 to 1.46)
1.78 (1.04 to 3.05)
1.78(1.11 t0 2.86)
1.65(1.48t0 1.84)

5.51(2.65to 11.45)
2.78(1.43 t0 5.39)
2.11(1.06 to 4.20)
4.47(1.22t016.38)
1.89 (1.46 to 2.45)
2.40(1.20 to 4.80)
2.00(1.60 to 2.50)
2.34(1.33t04.12)
2.27(1.86 t0 2.78)

RESEARCH

IZ
(95% CI)

33.70(0.00to 68.41)

21.13(0.00to0 57.82)

44.40 (0.00 to 70.31)

27.83(0.00t0 67.52)

Fig 3 | Forest plot of relative risks of coronary heart disease across blood pressure categories compared with optimal blood pressure. RR=relative risk
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Study Event People Relative risk Relative risk 12
atrisk (95%CI) (95%CD (95%CD

Normal

Glasgow Alumni 2000 16 2266 4 2.23(0.51t09.71)

Falkstedt 2008 199 14 477 0.92(0.71t0 1.17)

KNHI 2018 1932 267790 é 1.16 (1.04 to 1.29)

CMCS 2018 15 595 —_ T — 1.51(0.86 t0 2.67)

CARDIA 2018 6 445 ¢ 1.87(0.73 t0 4.79)

Kim 2019 39 15172 —’— 1.60(1.13t0 2.27)

Zhang 2019 871 7313 1.04 (0.88 t0 1.23)

Liu 2019 27 3110 - —_ 1.18(0.87 to 1.60)

EPOCH-JAPAN 2019 1337 22132 —‘— 1.11(0.79 to 1.55)
Subtotal: (Cochran's Q=10.59, P=0.23) - 1.14(1.03t0 1.27) 24.41(0.00 to 64.52)
High normal

Selmer 1992 10 4756 2 1.25(0.43 to 3.66)

Glasgow Alumni 2000 23 2515 3 4 2.28(0.54 t0 9.68)

Falkstedt 2008 235 14935 —‘-;- 1.05(0.82to 1.34)

Sauvaget 2010 16 31737 2 0.52 (0.06 to 4.50)

HAHS 2011 278 9577 -‘-§ 0.99(0.80to0 1.22)

KNHI 2018 8218 938908 é 1.33(1.26 to 1.40)

CMCS 2018 61 2072 —Q— 1.74(1.21t0 2.51)

CARDIA 2018 17 1194 —;—0 1.70(0.86 to 3.34)

Kim 2019 102 33086 i— —_ 1.69(1.31t0 2.17)

Jee 2019 997 50160 é 1.20(1.00 to 1.30)

Zhang 2019 272 1680 _— -:— 1.08 (0.79 to 1.48)

Liu 2019 103 7502 -;- - 1.53(1.20t0 1.95)

EPOCH-JAPAN 2019 1386 22094 # 1.16 (1.01 to 1.34)
Subtotal: (Cochran's Q=25.40, P=0.01) 1.27(1.15t01.39) 52.82(11.30to 74.91)
Grade 1 hypertension

Selmer 1992 6 1547 r ‘ 2.31(0.71 to 7.56)

Glasgow Alumni 2000 20 2344 ‘ 1.92(0.45t0 8.23)

Falkstedt 2008 182 12 386 § 0.98(0.76 to 1.26)

Sauvaget 2010 8 11066 f 0.86 (0.09 t0 8.07)

HAHS 2011 104 2176 —‘— § 1.28(0.98t0 1.67)

KNHI 2018 4369 289519 é 2.06 (1.89 to 2.25)

CMCS 2018 55 1085 — 2,56 (1.74103.77)

CARDIA 2018 29 638 § —‘— 4.39(2.32t08.31)

Kim 2019 56 8633 § —’— 3.02(2.21t04.13)

Jee 2019 240 9105 ‘ 1.70(1.50 to 2.00)

Zhang 2019 40 209 —‘—;— 1.19(0.71 to 2.00)

Liu 2019 132 4696 § —‘— 2.99(2.35t03.81)

EPOCH-JAPAN 2019 2039 24143 ¢ § 1.57(1.42t0 1.74)
Subtotal: (Cochran's Q=86.26, P<0.001) - 1.89(1.56t02.28) 86.11(77.92t0 91.30)
Grade 2 hypertension

Selmer 1992 5 313 r 9.52(2.77t0 32.71)

Glasgow Alumni 2000 3 349 ’ 3 2.37(0.52t0 10.84)

Sauvaget 2010 9 4663 3 ‘ 5.46 (1.03 to 29.95)

HAHS 2011 18 380 —‘— § 1.28(0.78 to 2.09)

CMCS 2018 44 450 —p— 4,50 (2.9110 6.96)

Jee 2019 300 9106 -‘- 3.20(2.50 to 4.00)

EPOCH-JAPAN 2019 1451 11361 é 2.36(2.20t0 2.53)
Subtotal: (Cochran's Q=25.69, P<0.001) el 2.87(2.07t03.96) 76.62(51.01t0 88.93)

2 4 8
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Note: Weights are from random effects analysis

Fig 4 | Forest plot of relative risks of stroke across blood pressure categories compared with optimal blood pressure. RR=relative risk
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IZ

(95% CI)

0.00 (0.00 to 74.60)

67.10 (30.70 to 84.40)

92.50(87.61 t0 95.52)

Note: Weights are from random effects analysis

insight into this process. Our study was based on
17 studies with approximately 4.5 million young
adults and yielded three main findings. Firstly,
we observed continuous and graded associations
between categorical blood pressure increments and
increasing risks of cardiovascular events, coronary
heart disease, stroke, and all cause mortality. The
risk increasing association with cardiovascular
events was consistent in participants across different
regions, but it was more evident in those older than
30 vyears. Secondly, the population attributable
fractions for cardiovascular events from increased
blood pressure were high, contributing to nearly a
quarter of cardiovascular events in young adults.
Thirdly, a similar pattern of the associations with
different study outcomes was observed in the dose-

thelbmj | BMJ2020;370:m3222 | doi: 10.1136/bmj.m3222

2.01(1.38t02.93) 89.01(77.13t0 94.72)

Study Event People Relative risk Relative risk
atrisk (95%CI) (95%CI)
Normal
Glasgow Alumni 2000 198 2266 - 4 1.47(0.83t0 2.62)
CHA 2001 115 2194 0—;— 0.78 (0.56 to 1.06)
Strandberg 2001 167 951 —;—0— 1.04 (0.84 to0 1.29)
Sundstrom 2011 12651 513167 0 0.95(0.93t00.98)
CARDIA 2018 25 445 0: 0.94(0.61 to 1.46)
Liu2019 88 3110 0-;-— 0.88(0.67to 1.16)
Subtotal: (Cochran's Q=10.59, P=0.46) é 0.95(0.93t00.97)
High normal
Selmer 1992 227 4756 —r— 1.09 (0.88 to 1.34)
Glasgow Alumni 2000 280 2515 3 . 1.70(0.97 t0 2.97)
CHA 2001 171 2773 L4 3 0.89(0.60to0 1.32)
Strandberg 2001 202 918 ';—0— 1.30 (1.06 to 1.60)
Sundstrom 2011 5277 247466 & 0.95(0.91 t0 0.99)
HAHS 2011 4013 9577 é 1.05(0.99t0 1.11)
CARDIA 2018 76 1194 —3—0— 1.15(0.86 to 1.55)
Liu 2019 288 7502 —;0— 1.13(0.91to0 1.39)
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Fig 5 | Forest plot of relative risks of all cause mortality across blood pressure categories compared with optimal blood pressure. RR=relative risk

response relation of systolic and diastolic blood
pressure.

Strengths and limitations of the study

The strengths of the present study are the large sample
size and the long follow-up duration, with a total of
approximately 4.5 million participants at risk and an
average follow-up of 14.7 years. The associations of
high blood pressure with various study outcomes were
examined across different blood pressure categories
in our study. Unlike most of the previous studies
assessing only normotension and hypertension,*® >’
the use of comprehensive blood pressure strata
enabled healthcare workers to determine a detailed
association of blood pressure with cardiovascular
events. Additionally, restricted cubic spline models
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Fig 6 | Population attributable fraction and number needed to treat for one year for different study outcomes across

blood pressure categories. NNT=number needed to treat

were used to assess the dose-response relation
between blood pressure and future risk of individual
outcomes, providing an estimate of the independent
associations of systolic and diastolic blood pressure
with different study outcomes. Moreover, consistent
results of the pooled estimates from the stratified and
sensitivity analyses across various scenarios supported
the robustness of the study findings.

However, limitations also exist. Firstly, this review
was not preregistered. However, it was conducted under
a predefined protocol and followed the guidance of the
Cochrane handbook.?® The items recommended by the
PRISMA statement were also provided, which reduced
the manipulation and improved the transparency.?
Secondly, considerable heterogeneity was observed in
the design of the included studies. The protocols for
blood pressure measurement were not equivalent in
different cohorts. Population characteristics, including
age range, treated or untreated status, presence or
absence of hyperglycaemia, hyperuricaemia, and
dyslipidaemia might also have contributed to the
heterogeneity of the included studies. As a result,
although the risk increasing association remained
robust across various scenarios, high levels of

statistical heterogeneity generally persisted and could
not be reduced in stratified and sensitivity analyses.
Finally, pooling results from studies that were all male
with other mixed studies could have biased the results.
However, stratification analyses by sex distribution
(male proportion) were conducted and showed that the
summary estimates of the risk increasing association
were identical for both sexes and in studies with
different proportions of male participants. However,
analysis of the female population was based on only
four studies and the calculated estimates for women
were highly uncertain.

Comparison with other studies

Associations between high blood pressure and
cardiovascular risk have long been recognised and
found to be age specific, but most of the outcome
studies were carried out in middle aged or older
populations.®® 3 “° Previous cohort studies and
overviews have shown that high blood pressure
is robustly associated with increased risk of total
cardiovascular events and all cause mortality in middle
aged or older populations.® 2> 3% *1 “> The Suita Study
reported that the cardiovascular risk was 2.04 (95%

doi: 10.1136/bmj.m3222 | BMJ2020;370:m3222 | thebmj
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Fig 7 | Nonlinear dose-response analysis of systolic blood pressure (top panel) and
diastolic blood pressure (bottom panel) and risk of cardiovascular events, coronary
heart disease, stroke, and all cause mortality. Shaded areas indicate 95% confidence
intervals for corresponding coloured lines

confidence interval 1.19 to 3.48) for normal blood
pressure, 2.46 (1.46 to 4.14) for high normal blood
pressure, 2.62 (1.59 to 4.32) for grade 1 hypertension,
and 3.95 (2.37 to 6.58) for grade 2 hypertension
compared with optimal blood pressure in a population
over 50 years old. Additionally, each 10 mm Hg
decrement in systolic blood pressure was predicted to
result in a reduction in cardiovascular events of around
25-40%."% Our findings further support the idea that
the relative risks for cardiovascular events associated
with various blood pressure categories vary among
different age groups.’® We show that the relative risks
for cardiovascular events in each blood pressure
category were all lower among young adults. For every
10 mm Hg increment of systolic blood pressure and
every 5 mm Hg increment of diastolic blood pressure, a
4-5% increase in risk was found.

Relative risk estimates for disease incidence are of
limited clinical utility given the uncertainty about
the incidence rate of the reference group, referring
to the optimal blood pressure sample in our study.**
The absolute risk for cardiovascular events in young
adults with optimal blood pressure is low compared
with the older population. The Multi-Ethnic Study
of Atherosclerosis, a population based study that
enrolled adults aged 45-84 years who were free of
clinical cardiovascular diseases, showed that the event
rates for all cardiovascular events in participants with
a blood pressure of 120-139 mm Hg were 5.6-24.3 per

thelbmj | BMJ2020;370:m3222 | doi: 10.1136/bmj.m3222

1000 person years. For those with a blood pressure
of 140-159 mm Hg, the event rates were 7.4-36.9 per
1000 person years and rose to a level of 16.7-37.1 per
1000 person years when blood pressure was higher
than 160 mm Hg.*® Despite the relatively low absolute
risk, the difference in absolute risk (at least four
additional cardiovascular events per 10000 person
years in those with increased blood pressure) should
not be overlooked owing to an increasing prevalence
of hypertension in young adults.” “®“’

The population attributable fraction for
cardiovascular events from raised blood pressure
in young adults was higher than the corresponding
blood pressure levels in older people.?® *® This finding
suggests that the impact of high blood pressure on
cardiovascular events is more detrimental among
young people, especially above the level of 140/90
mm Hg. The reason for this effect is probably driven
by age. The contributing impacts of other risk factors,
including previous cardiovascular disease, impaired
lung function, or longer duration of diabetes could
make a greater difference at an older age and so the
contributing role of hypertension diminishes*® *%;
however, for young adults, with fewer comorbidities
or risk factors, the role of increased blood pressure
dominates.

Systolic and diastolic blood pressure each
independently influenced cardiovascular outcomes
in young adults. The pathophysiological basis of
high blood pressure in young adults and older people
seems to be different.’ °® White coat hypertension,
a hyperadrenergic state, a higher prevalence of
secondary hypertension, and hypertension caused
by peripheral blood pressure amplification are more
commonly seen in young adults. Conversely, loss of
arterial compliance and increased arterial stiffness
are often found in older people, concurrent with
increasing systolic blood pressure and decreasing
diastolic blood pressure.” *° °! Understanding such
pathophysiological links among different age groups
could help us to better understand what we found in
this study. The Monica, Risk, Genetics, Archiving and
Monograph project, a large population based cohort,
found a gradual age related shift from diastolic blood
pressure to both diastolic blood pressure and systolic
blood pressure, and eventually to systolic blood
pressure as a risk factor for cardiovascular events.>?
This finding is consistent with our results, with
systolic and diastolic blood pressure independently
and comparatively associated with the risk of
cardiovascular events. However, outcome specific
association was observed in terms of systolic blood
pressure and diastolic blood pressure. For systolic
blood pressure, the risk of stroke and coronary heart
disease was identical in pattern and increased from
the level of 120 mm Hg, while for all cause mortality
the risk apparently rose from the level of 150-160
mm Hg. For diastolic blood pressure, the burden for
stroke was more evident than coronary heart disease
and all cause mortality. Given that the prevalence of
isolated diastolic hypertension is more pronounced in
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young adults, special attention should be paid to this
population.?

Implications of the study

Uncertainty  remains  about  antihypertensive
treatments in young adults with increased blood
pressure. Because our findings were based on
observational studies, not interventional, no direct
data were vyielded relating to antihypertensive
treatment. According to the hypertension guidelines,
antihypertensive treatment is beneficial for those with
a 10 year atherosclerotic cardiovascular disease risk of
more than 10%.>* However, the frequently used risk
prediction models have not been validated in young
adults and evidence to support the recommendation
of starting antihypertensive drugs is insufficient.>* >
Therefore, active interventions should be cautious.
Based on our findings, to prevent one cardiovascular
event, the number needed to treat for one year was
estimated to be 2672, 1450, 552, and 236 for normal
blood pressure, high normal blood pressure, grade 1
hypertension, and grade 2 hypertension, respectively.
These data suggest a lower likelihood of treatment
benefit, especially for those with normal and high
normal blood pressure. Our results could inform
healthcare professionals about the effort needed to
achieve a particular outcome and provide insights into
the design of future clinical trials.*!

Without a defined association between high blood
pressure and cardiovascular risks, developing and
implementing standardised treatment advice and
guidelines that include young adults is challenging.
Although ongoing studies for young adults are
currently being investigated, most are still at the initial
stages and the long term impact on cardiovascular
end points remains to be determined.’®® Therefore,
the insights provided in our study could help to refine
strategies for primary prevention and might have
important implications for future research.

Conclusion

We performed a meta-analysis of blood pressure and
cardiovascular events data from approximately 4.5
million young adults. Importantly, cardiovascular
risk was found to be increased at a normal blood
pressure level. Despite the relatively low absolute risk,
in this analysis the difference in absolute risk above
normal blood pressure in comparison to optimal blood
pressure was persistent and should not be ignored.
Additionally, systolic and diastolic blood pressure each
independently influenced cardiovascular outcomes,
and so both should be considered when assessing
risks in young adults. However, based on the high
number needed to treat and probably low likelihood
for treatment benefit, active interventions should be
cautious and warrant further investigation.
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