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IMPORTANCE Reliable estimates of the prevalence of childhood hypertension serve as

the basis for adequate prevention and treatment. However, the prevalence of childhood

hypertension has rarely been synthesized at the global level.

OBJECTIVE To conduct a systematic review andmeta-analysis to assess the prevalence of

hypertension in the general pediatric population.

DATA SOURCES PubMed, MEDLINE, Embase, Global Health, and Global Health Library were

searched from inception until June 2018, using search terms related to hypertension

(hypertensionOR high blood pressureOR elevated blood pressure), children (childrenOR

adolescents), and prevalence (prevalenceOR epidemiology).

STUDY SELECTION Studies that were conducted in the general pediatric population and

quantified the prevalence of childhood hypertension were eligible. Included studies had

blood pressure measurements from at least 3 separate occasions.

DATA EXTRACTION AND SYNTHESIS Two authors independently extracted data.

Random-effects meta-analysis was used to derive the pooled prevalence. Variations in

the prevalence estimates in different subgroups, including age group, sex, setting, device,

investigation period, BMI group, World Health Organization region andWorld Bank region,

were examined by subgroupmeta-analysis. Meta-regression was used to establish the

age-specific prevalence of childhood hypertension and to assess its secular trend.

MAIN OUTCOMES ANDMEASURES Prevalence of childhood hypertension overall and by

subgroup.

RESULTS A total of 47 articles were included in themeta-analysis. The pooled prevalence

was 4.00% (95% CI, 3.29%-4.78%) for hypertension, 9.67% (95% CI, 7.26%-12.38%) for

prehypertension, 4.00% (95% CI, 2.10%-6.48%) for stage 1 hypertension, and 0.95%

(95% CI, 0.48%-1.57%) for stage 2 hypertension in children 19 years and younger. In

subgroupmeta-analyses, the prevalence of childhood hypertension was higher when

measured by aneroid sphygmomanometer (7.23% vs 4.59% bymercury sphygmomanometer

vs 2.94% by oscillometric sphygmomanometer) and among overweight and obese children

(15.27% and 4.99% vs 1.90% among normal-weight children). A trend of increasing

prevalence of childhood hypertension was observed during the past 2 decades, with

a relative increasing rate of 75% to 79% from 2000 to 2015. In 2015, the prevalence of

hypertension ranged from 4.32% (95% CI, 2.79%-6.63%) among children aged 6 years to

3.28% (95% CI, 2.25%-4.77%) among those aged 19 years and peaked at 7.89% (95% CI,

5.75%-10.75%) among those aged 14 years.

CONCLUSIONS AND RELEVANCE This study provides a global estimation of childhood

hypertension prevalence based on blood pressure measurements in at least 3 separate visits.

More high-quality epidemiologic investigations on childhood hypertension are still needed.
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H
ypertension, also known as elevated blood pressure

(BP), is a well-recognized risk factor for cardiovascu-

lar diseases and chronic kidneydiseaseworldwide.1-3

Hypertension also substantially contributes to mortality and

disability.3Globally,more than 1billionadultswere livingwith

hypertension in 2015, among whom most were in low- and

middle-income countries.2,4

Previous pathophysiologic and epidemiologic evidence

has suggested that childhood hypertension is associated

with essential hypertension in adulthood and detrimental

lifelong cardiovascular events.5-7 Compared with that of

adulthood hypertension, the measurement of childhood

hypertension is relatively complicated and unstable.8,9 The

prevalence of elevated BP in children, defined as a systolic

BP (SBP) or a diastolic BP (DBP) greater than or equal to the

95th percentile by sex, age, and height, has been suggested

to sustainably decrease by 53.7% in the second visit and by

77.7% in the third visit compared with the first visit.10

Therefore, the fourth report from the National High Blood

Pressure Education Program (NHBPEP) Working Group in

the United States has suggested that childhood hyperten-

sion be confirmed as a high BP on at least 3 separate occa-

sions, and the cutoffs of high BP should simultaneously

account for the variations of age, sex, and body size.9

From the public health perspective, reliable estimates of

the prevalence of childhood hypertension serve as the basis

for adequate prevention and treatment, as well as evidence-

based health resource allocation and policy making. Despite

the existence of a large volume of studies that have assessed

the prevalence of hypertension in children and adolescents,

to our knowledge, the prevalence estimates of childhood

hypertension have rarely been synthesized at the global

level.11-13

To fill this gap of knowledge, we conducted a systematic

review of studies that reported the prevalence of hyperten-

sion or elevated BP in children.We aimed to assess the preva-

lence of childhood hypertension, prehypertension, and stage

1 and stage 2 hypertension at the global level.When possible,

the factors potentially associated with childhood hyperten-

sion were also explored.

Methods

Search Strategy and Selection Criteria

This systematic review and meta-analysis was conducted

in accordancewith the PreferredReporting Items for System-

atic Reviews and Meta-analyses (PRISMA) reporting

guideline.14 The protocol of this studywas not preregistered.

From inception to June 2018, 2 researchers (Y. Zhang

and J.Y.) independently conducted a literature search in

PubMed, MEDLINE, Embase, Global Health, and Global

Health Library by using a combination of search terms

related to hypertension (hypertension or high blood pressure

or elevated blood pressure), children (children or adoles-

cents), and prevalence (prevalence or epidemiology). Then a

search of reference lists of the included studies in the first

step was performed to complement our database searches.

No language or time restrictions were applied. The full

search strategies for different bibliographic databases are

presented in eTable 1 in the Supplement.

To be included in this systematic review, studies needed

to be primary investigations based on a generally represen-

tative sample of children or adolescents (≤19 years of age)

and provide numerical prevalence estimates of hyperten-

sion, prehypertension, stage 1 hypertension, stage 2 hyper-

tension, or different phenotypes of hypertension (systolic

hypertension, diastolic hypertension, isolated systolic

hypertension, isolated diastolic hypertension, or systolic-

diastolic hypertension). Only studies that reported the

prevalence of systematic hypertension (rather than intracra-

nial or pulmonary hypertension) were included. For studies

that were conducted for both adults and children, the

prevalence data of hypertension had to be able to be disag-

gregated for the pediatric group. The adopted methods of

measuring BP and definitions of hypertension had to be

explicitly described. To avoid an overestimation, only stud-

ies that repeated BP measurements on at least 3 separate

occasions were eligible.9 Furthermore, the diagnosis of

hypertension should have been performed according to the

distribution curves of SBP and DBP, observing the corre-

sponding values at different percentiles.9 Studies that were

confined to a subgroup of children who were not represen-

tative of the general pediatric population (eg, obese chil-

dren, children with specific diseases, and young athletes)

were excluded. For multiple articles that used data from the

same investigation (duplicates), the one with the most com-

prehensive results or the largest sample size was kept. How-

ever, when different aspects or subgroups of the same

investigation were separately reported in different articles,

all those articles were kept.

After removingduplicates fromdifferentbibliographicda-

tabases, 2 researchers (Y. Zhang and J.Y.) independently

screened the titles and abstracts of all retrieved records from

the literature search. Then the same 2 researchers assessed

theeligibility of potentially relevant articles in full text against

the selectioncriteria.Consensuswas reached for anydisagree-

ments through discussion.

Key Points

Question What is the prevalence of hypertension in the general

pediatric population?

Findings In this systematic review andmeta-analysis of 47

articles, the prevalence of childhood hypertension increased from

1994 to 2018 and the increase was associated with higher body

mass index, with the pooled estimate being 4.00% among

individuals 19 years and younger. In 2015, the prevalence of

childhood hypertension ranged from 4.32% among children aged

6 years to 3.28% among those aged 19 years and peaked at 7.89%

among those aged 14 years.

Meaning The findings suggest that childhood hypertension is

becomingmore common in the general pediatric population,

representing a considerable public health challenge worldwide.
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Data Extraction andQuality Assessment

In different articles, the term of elevated BP was not uni-

fied. An SBP or DBP of greater than or equal to the 90th per-

centile but less than the 95th percentile could be termed as

high-normal or prehypertension; similarly, an SBP or DBP of

greater than or equal to the 95th percentile could be high

BP, elevated BP, or hypertension.15-18 To ensure comparabil-

ity among studies and our ability to synthesize prevalence

data, the definition of hypertension in this study was pre-

standardized in accordance with the fourth report of the

NHBPEP (Table 1).9

Data were independently extracted from the included

articles by 2 researchers (Y. Zhang and M.Z.). The collected

information included title, author(s), year of publication,

year of investigation, study location (country, setting [urban

vs rural], and region), study design, sampling strategy, diag-

nostic criteria, device for BP measurement (aneroid, oscillo-

metric, and mercury), sample size, age range, and the num-

ber of participants affected by hypertension. The regions of

study location were designated as African Region, Region of

the Americas, Southeast Asia Region, European Region,

Eastern Mediterranean Region, and Western Pacific Region

according to the World Health Organization (WHO) criteria

and as high-income countries and low- and middle-income

countries according to the World Bank (WB) criteria. For

studies in which the investigation date was not provided,

we imputed the year of investigation by subtracting 4 years

from the year of publication based on the mean time differ-

ence between the year of investigation and publication in

which data were provided (eTable 2 in the Supplement).

We rated the quality of included articles according to the

Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) reporting guideline in 5dimensions:

sample population, sample size, participation rate, outcome

assessment, and analytical methods (eTable 3 in the

Supplement).19 The total score, ranging from 0 to 10,

represented the overall bias risk of each article.

Statistical Analysis

Overall Pooled Prevalence of ChildhoodHypertension

Before pooling prevalence estimates, the variance of the

raw prevalence from each included study was stabilized by

using the Freeman-Tukey double arc-sine transformation.20

All estimates were presented after back transformation. We

assessed heterogeneity of prevalence estimates among

studies using the Cochran Q test and I2 index.21,22 For the

Cochran Q test, P < .05 represented significant heteroge-

neity. For I2 index, values of 25% or lower corresponded to

low degrees of heterogeneity, 26% to 50% to moderate

degrees of heterogeneity, and greater than 50% to high

degrees of heterogeneity.21-23 Because of high heterogeneity

(as expected and observed), a random-effects (DerSimonian

and Laird method) meta-analysis was used to calculate the

overall pooled prevalence of hypertension with 95% CIs

throughout this study.23,24 To examine whether single stud-

ies had a disproportionally excessive influence, we applied a

leave-1-out sensitivity analysis for each meta-analysis.25

Publication bias in the meta-analysis was detected qualita-

tively by visual inspection of funnel plots and quantitatively

by the Egger linear regression test and the Begg rank corre-

lation test when more than 10 estimates were available in a

single analysis.26-28

SubgroupMeta-analysis of ChildhoodHypertension Prevalence

For childhoodhypertension, prehypertension, and stage 1 and

stage 2 hypertension,we conducted subgroupmeta-analyses

to determine the potential sources of heterogeneity. As a

rule, at least 3 studies should be available per subgroup.

Meta-regression of ChildhoodHypertension Prevalence

For childhood hypertension, multiple data points (age- or

sex-specific prevalence) were generally reported in a single

study. To assess the associations of various sample charac-

teristics and the prevalence of childhood hypertension,

we first conducted a univariable meta-regression, followed

by a multivariable meta-regression.29,30 As a rule, at least 10

data points should be available for each variable in univari-

able meta-regression and 20 in multivariable meta-

regression (the eMethods in the Supplement gives more

details).23,31 Data were analyzed using Stata, version 14.0

(StataCorp) and R, version 3.3.0 (R Foundation for Statistical

Computing).

Results

Study Selection and Characteristics

As outlined in Figure 1, our initial literature search identified

a total of 9084 records. After applying the eligibility criteria,

47articleswere included inourquantitativesynthesis,ofwhich

Table 1. Standardized Definition of ChildhoodHypertension

in This Systematic Review

Hypertension
Type Definition

Prehypertension An SBP and/or DBP ≥90th percentile but <95th percentile
(for age, sex, and height) or ≥120/80 mm Hg

Hypertension An SBP and/or DBP≥95th percentile (for age, sex,
and height) on ≥3 separate occasions

SH An SBP≥95th percentile (for age, sex, and height)
on ≥3 separate occasions

DH A DBP≥95th percentile (for age, sex, and height)
on ≥3 separate occasions

ISH An SBP≥95th percentile (for age, sex, and height)
but a DBP<95th percentile (for age, sex, and height)
on ≥3 separate occasions

IDH A DBP≥95th percentile (for age, sex, and height)
but an SBP<95th percentile (for age, sex, and height)
on ≥3 separate occasions

SDH An SBP and DBP≥95th percentile (for age, sex, and height)
on ≥3 separate occasions

Stage 1
hypertension

An SBP and/or DBP≥95th percentile (for age, sex, and
height) but ≤99th percentile plus 5 mm Hg (for age, sex,
and height) on ≥3 separate occasions

Stage 2
hypertension

An SBP and/or DBP>99th percentile plus 5 mm Hg
(for age, sex, and height) on ≥3 separate occasions

Abbreviations: DBP, diastolic blood pressure; DH, diastolic hypertension;

IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension;

SBP, systolic blood pressure; SDH, systolic-diastolic hypertension; SH, systolic

hypertension.
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47 articles provided prevalence data on hypertension, 16 on

prehypertension, 6 on stage 1 hypertension, and 6 on stage 2

hypertension. The list of the 47 included articles is given in

eTable 4 in the Supplement.

Thedetailed characteristics of the includedarticles canbe

found in eTable 4 in the Supplement. All the included articles

werebasedoncross-sectional investigationsanddefinedchild-

hood hypertension in the prespecified standardizedmanner.

A total of 32of the47 articles (68%)werepublished from2010

onwards, and 22 (47%)were conducted in urban-rural mixed

settings. In addition, 29 (62%) of the included articles re-

ported theprevalencedata forbothboysandgirls and28 (60%)

with a sample size greater than 2000. The most commonly

useddevice formeasuringBPwasmercury sphygmomanom-

eter (19 [40.4%]), followedbyoscillometric sphygmomanom-

eter (16 [34.0%]). Moreover, 13 of the 47 articles (28%) were

conducted in theRegion of theAmericas (13 [28%]) or the Eu-

ropeanRegion (13 [28%])and in low-andmiddle-incomecoun-

tries (26 [55.3%]). All the included articles had a quality score

of at least 6. The detailed quality assessments are presented

in eTable 5 in the Supplement.

Pooled and Stratified Prevalence

of ChildhoodHypertension

Table 2 gives the results of overall and subgroup meta-

analyses. For childhood hypertension, the pooled preva-

lence was 4.00% (95% CI, 3.29%-4.78%) by using random-

effects meta-analysis (eFigure 1 in the Supplement). The

sensitivity analysis showed that the pooled prevalence of

hypertension among children varied from 3.85% (95% CI,

3.17%-4.60%) to 4.10% (95% CI, 3.39%-4.88%) after remov-

ing a single study at 1 time (eFigure 2 in the Supplement),

but no single study had an excessive influence on the

pooled prevalence. No publication bias was found based on

the funnel plot, Egger test, and Begg test (eFigure 3 in the

Supplement). The pooled prevalence of different hyperten-

sion phenotypes was also estimated using random-effects

models: 2.99% (95% CI, 1.92%-4.29%) for systolic hyperten-

sion, 1.87% (95% CI, 1.06%-2.91%) for diastolic hyperten-

sion, 1.50% (95% CI, 0.83%-2.36%) for isolated systolic

hypertension, 0.73% (95% CI, 0.34%-1.24%) for isolated dia-

stolic hypertension, and 1.25% (95% CI, 0.72%-1.92%) for

systolic-diastolic hypertension. Table 2 also gives the preva-

lence of childhood hypertension according to sex, urban or

rural setting, device, investigation period, body mass index

(BMI), WHO region, andWB region. The prevalence of child-

hood hypertension did not differ significantly when strati-

fied by sex, urban or rural setting, WHO region, and WB

region. The prevalence of childhood hypertension was the

highest when taken by an aneroid sphygmomanometer

(7.23%; 95% CI, 3.83%-11.59%) compared with mercury

(4.59%; 95% CI, 3.24%-6.15%) or oscillometric (2.94%; 95%

CI, 2.37%-3.57%) sphygmomanometers. An upward secular

trend in the prevalence of childhood hypertension was

detected, by which the prevalence was the highest in the

latest period of 2010 to 2014 (6.02%; 95% CI, 4.38%-7.91%)

than during the 2000s (3.30%; 95% CI, 2.69%-3.97%) and

1990s (1.26%; 95% CI, 0.79%-1.84%). A difference in child-

hood prevalence was also noted in different BMI groups, by

which obese (15.27%; 95% CI, 7.31%-25.38%) and over-

weight (4.99%; 95% CI, 2.18%-8.81%) children had substan-

tially higher prevalence estimates than children with nor-

mal weight (1.90%; 95% CI, 1.06%-2.97%).

Regarding prehypertension in children, the pooled

prevalence was estimated to be 9.67% (95% CI, 7.26%-

12.38%) based on a random-effects meta-analysis (Table 2

and eFigure 4 in the Supplement). According to the leave-1-

out sensitivity analysis (eFigure 5 in the Supplement), the

pooled prevalence of childhood prehypertension ranged

from 9.10% (95% CI, 6.80%-11.70%) to 10.46% (95% CI,

8.24%-12.90%) when removing 1 study at a time from the

pooled analysis. No study disproportionately affected the

overall result. The funnel plot, Egger test, and Begg test sug-

gested no publication bias (eFigure 6 in the Supplement).

The subgroup meta-analyses indicated no statistically sig-

nificant difference in prehypertension prevalence among

children by age group (6-9 years vs 10-19 years), sex (male

vs female), setting (urban vs rural), BP measurement

method (oscillometric vs mercury), investigation period

(2004-2009 vs 2010-2014), BMI group (underweight vs nor-

mal weight vs overweight vs obese), WHO region (Region of

the Americas vs European Region), or WB region (high-

income countries vs low- and middle-income countries).

The pooled prevalence was 4.00% (95% CI, 2.10%-

6.48%) for stage 1 childhood hypertension and 0.95% (95%

Figure 1. PreferredReporting Items forSystematicReviewsand

Meta-analyses (PRISMA)DiagramofLiteratureSearchandStudySelection

6084 Duplicates removed

2501 Exluded for irrelevancy

9084 Records identified through database searching 

1777 Global Health

3058 PubMed

2090 MEDLINE

1471 Embase

688 WHO Global Health Library

3000 Records screened through titles and abstracts 

499 Full-text articles assessed for eligibility 

47 Articles provided prevalence data
for quantitative synthesis 

6 On stage 2 hypertension

47 On hypertension

16 On prehypertension

6 On stage 1 hypertension

452 Excluded

339 Unclear assessment methods or
hypertension diagnosis
was not standardized

18 Without numerical estimates

46 Not investigated in general children

37 Without sufficient information

12 Multiple publication of the same
investigation

WHO indicatesWorld Health Organization.
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Table 2. Global Prevalence of ChildhoodHypertension Using Random-EffectsMeta-analysis and SubgroupMeta-analysis

Variable
No. of
Articles

No. of
Participants

No. of
Cases Prevalence (95% CI) I

2, %

P Value

Q test
Egger
Test

Begg
Test

Subgroup
Difference

Global Analysis for Hypertension

Hypertension 47 186 630 7203 4.00 (3.29-4.78) 98.5 <.001 .20 .14 NA

SH 17 68 345 1910 2.99 (1.92-4.29) 98.8 <.001 .11 .15 NA

DH 17 68 345 1206 1.87 (1.06-2.91) 98.7 <.001 .10 .11 NA

ISH 16 65 545 1094 1.50 (0.83-2.36) 98.4 <.001 .44 .50 NA

IDH 16 65 545 438 0.73 (0.34-1.24) 97.7 <.001 .06 .03 NA

SDH 16 65 545 746 1.25 (0.72-1.92) 97.8 <.001 .08 .10 NA

Subgroup Analysis for Hypertension

Sex

Overall 58 121 237 5350 4.56 (3.90-5.26) 96.7 <.001 .18 .28

.79Male 29 59 764 2740 4.65 (3.80-5.58) 95.8 <.001 .51 .35

Female 29 61 473 2610 4.46 (3.46-5.58) 97.3 <.001 .25 .42

Setting

Overall 23 86 009 3576 4.26 (3.33-5.30) 97.7 <.001 .53 NA

.88Urban 16 78 208 3247 4.32 (3.21-5.60) 98.3 <.001 .54 .53

Rural 7 7801 329 4.11 (2.45-6.15) 93.5 <.001 NA NA

Device

Overall 40 167 812 6370 4.03 (3.29-4.85) 98.4 <.001 .20 .09

.01
Aneroid 4 4938 472 7.23 (3.83-11.59) 95.8 <.001 NA NA

Oscillometric 17 83 310 2440 2.94 (2.37-3.57) 95.9 <.001 .62 .18

Mercury 19 79 564 3458 4.59 (3.24-6.15) 98.8 <.001 .47 .85

Investigation period

Overall 47 186 630 7203 4.00 (3.29-4.78) 98.5 <.001 .20 .14

<.001
1990-1999 3 17 853 190 1.26 (0.79-1.84) 76.4 .01 NA NA

2000-2009 28 127 070 4342 3.30 (2.69-3.97) 97.4 <.001 .97 .15

2010-2014 16 41 707 2671 6.02 (4.38-7.91) 98.2 <.001 .87 .59

BMI group

Overall 35 36 614 1126 5.47 (3.95-7.20) 97.6 <.001 <.001 .002

<.001

Underweight 3 1400 53 4.00 (1.96-6.70) 78.6 .01 NA NA

Normal 12 25 034 495 1.90 (1.06-2.97) 96.5 <.001 .50 .48

Overweight 9 5326 179 4.99 (2.18-8.81) 96.3 <.001 NA NA

Obese 11 4854 399 15.27 (7.31-25.38) 98.5 <.001 .03 .79

WHO region

Overall 47 186 630 7203 4.00 (3.29-4.78) 98.5 <.001 .20 .14

.32

AFR 3 4654 379 6.94 (2.56-13.20) 97.5 <.001 NA NA

AMR 13 57 293 1460 3.02 (2.24-3.90) 96.3 <.001 .22 .81

EMR 5 14 447 712 5.26 (1.45-11.22) 99.4 <.001 NA NA

EUR 13 71 851 3011 4.09 (2.96-5.39) 98.4 <.001 .94 .26

SEAR 6 10 454 307 3.10 (1.47-5.28) 96.7 <.001 NA NA

WPR 7 27 931 1334 4.64 (2.52-7.36) 98.9 <.001 NA NA

WB region

Overall 47 186 630 7203 4.00 (3.29-4.78) 98.5 <.001 .20 .14

.24HIC 21 123 914 4203 3.52 (2.74-4.39) 98.3 <.001 .56 .25

LMIC 26 62 716 3000 4.43 (3.16-5.90) 98.5 <.001 .60 .85

Global Analysis for Prehypertension

Prehypertension 16 55 625 6859 9.67 (7.26-12.38) 98.8 <.001 .33 .42 NA

Subgroup Analysis for Prehypertension

Age group, y

Overall 7 29 003 2921 7.04 (3.61-11.49) 98.9 <.001 NA NA

.086-9 3 2438 100 4.06 (2.52-5.92) 67.3 .05 NA NA

10-19 4 26 565 2821 9.12 (4.11-15.84) 99.3 <.001 NA NA

Sex

Overall 22 45 490 5781 11.15 (9.19-13.27) 97.5 <.001 .69 .80

.31Male 11 22 583 2961 12.35 (9.09-16.02) 97.8 <.001 .90 .82

Female 11 22 907 2820 9.98 (7.22-13.12) 97.5 <.001 .48 .94

(continued)
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CI, 0.48%-1.57%) for stage 2 childhood hypertension from

random effects meta-analyses (Table 2 and eFigure 7 and

eFigure 8 in the Supplement). Subgroup meta-analyses

were only performed by sex and device type because of the

availability of data sources. No statistically significant dif-

ference of prevalence rates was found between sexes,

whereas studies that used mercury sphygmomanometers

showed higher prevalence rates among children (stage 1

Table 2. Global Prevalence of ChildhoodHypertension Using Random-EffectsMeta-analysis and SubgroupMeta-analysis (continued)

Variable
No. of
Articles

No. of
Participants

No. of
Cases Prevalence (95% CI) I

2, %

P Value

Q test
Egger
Test

Begg
Test

Subgroup
Difference

Setting

Overall 8 36 965 4444 9.25 (6.40-12.56) 98.3 <.001 NA NA

.19Urban 4 34 401 4220 11.24 (6.80-16.62) 99.2 <.001 NA NA

Rural 4 2564 224 7.49 (4.97-10.47) 84.0 <.001 NA NA

Device

Overall 12 47 438 5766 9.14 (6.30-12.44) 99.0 <.001 .39 .41

.73Oscillometric 4 10 776 1423 8.07 (1.36-19.61) 99.6 <.001 NA NA

Mercury 8 36 662 4343 9.82 (7.17-12.84) 97.9 <.001 NA NA

Investigation period

Overall 16 55 625 6859 9.67 (7.26-12.38) 98.8 <.001 .33 .42

.182004-2009 7 40 106 5132 11.92 (8.55-15.75) 98.8 <.001 NA NA

2010-2014 9 15 519 1727 8.02 (4.30-12.74) 98.9 <.001 NA NA

BMI group

Overall 19 17 948 2731 14.53 (11.09-18.34) 97.6 <.001 .88 .86 .50

Underweight 3 1400 154 10.96 (9.37-12.66) 0.0 .56 NA NA

Normal 6 11 010 1634 12.41 (8.82-16.51) 97.0 <.001 NA NA

Overweight 5 2970 498 16.81 (6.39-30.81) 98.6 <.001 NA NA

Obese 5 2568 445 18.02 (5.75-34.91) 98.6 <.001 NA NA

WHO region

Overall 10 44 536 5309 9.41 (6.29-13.08) 99.10 <.001 .45 .79

.88AMR 5 10 383 1463 9.79 (2.91-20.05) 99.4 <.001 NA NA

EUR 5 34 153 3846 9.08 (5.84-12.95) 98.6 <.001 NA NA

WB region

Overall 16 55 625 6859 9.67 (7.26-12.38) 98.8 <.001 .33 .42

.34HIC 7 38 508 4386 8.30 (4.60-12.95) 99.3 <.001 NA NA

LMIC 9 17 117 2473 10.88 (7.94-14.21) 97.5 <.001 NA NA

Global Analysis for Stage 1 Hypertension

Stage 1 hypertension 6 20 703 778 4.00 (2.10-6.48) 98.4 <.001 NA NA NA

Subgroup Analysis for Stage 1 Hypertension

Sex

Overall 6 9798 475 5.69 (2.71-9.65) 98.0 <.001 NA NA

.95Male 3 4823 229 5.59 (1.25-12.67) 98.4 <.001 NA NA

Female 3 4975 246 5.87 (1.34-13.21) 98.5 <.001 NA NA

Device

Overall 6 20 703 778 4.00 (2.10-6.48) 98.4 <.001 NA NA

.004Oscillometric 3 13 418 295 2.04 (1.37-2.85) 88.5 <.001 NA NA

Mercury 3 7285 483 6.73 (3.41-11.06) 97.1 <.001 NA NA

Global Analysis for Stage 2 Hypertension

Stage 2 hypertension 6 20 703 179 0.95 (0.48-1.57) 93.3 <.001 NA NA NA

Subgroup Analysis for Stage 2 Hypertension

Sex

Overall 6 9798 89 1.11 (0.54-1.87) 87.1 <.001 NA NA

.99Male 3 4823 46 1.16 (0.38-2.29) 85.0 .001 NA NA

Female 3 4975 43 1.16 (0.22-2.74) 91.9 <.001 NA NA

Device

Overall 6 20 703 179 0.95 (0.48-1.57) 93.3 <.001 NA NA

<.001Oscillometric 3 13 418 65 0.42 (0.22-0.68) 74.1 .02 NA NA

Mercury 3 7285 114 1.74 (1.11-2.51) 74.2 .02 NA NA

Abbreviations: AFR, African Region; AMR, Region of the Americas; BMI, body

mass index; DH, diastolic hypertension; EUR, European Region; EMR, Eastern

Mediterranean Region; HIC, high-income countries; IDH, isolated diastolic

hypertension; ISH, isolated systolic hypertension; LMIC, low- and

middle-income countries; NA, not applicable; SDH, systolic-diastolic

hypertension; SH, systolic hypertension; SEAR, Southeast Asia Region;

WB,World Bank; WHO,World Health Organization; WPR,Western Pacific

Region.
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hypertension: 6.73%; 95% CI, 3.41%-11.06%; stage 2 hyper-

tension: 1.74%; 95% CI, 1.11%-2.51%) than those using oscil-

lometric sphygmomanometers (stage 1 hypertension:

2.04%; 95% CI, 1.37%-2.85%; stage 2 hypertension: 0.42%;

95% CI, 0.22%-0.68%).

Age-Specific Prevalence of ChildhoodHypertension

From 2000 to 2015

For childhood hypertension, we conducted a multilevel

mixed-effects meta-regression because of the availability of

a substantial number of age- and sex-specific data points. To

control for the association of different devices with preva-

lence estimates (as detected in the above subgroup meta-

analyses), we chose only studies that used mercury sphyg-

momanometer for measuring BP, which had the largest data

set (96 data points) compared with those that used an aner-

oid sphygmomanometer (9 data points) or oscillometric

sphygmomanometer (29 data points). The association

between age and hypertension prevalence among children

is shown in eFigure 9 in the Supplement. Five variables with

more than 10 data points (age, sex, investigation year, WHO

region, and WB region), were first assessed in univariable

meta-regression analyses (eTable 6 in the Supplement). The

results of univariable meta-regression analyses demon-

strated that age and investigation year were significantly

associated with the prevalence of childhood hypertension.

The final model for estimating the age-specific prevalence

of hypertension in children aged 6 to 19 years for the years

2000, 2010, and 2015 is detailed in the eMethods in the

Supplement.

As shown in Figure 2 and Table 3, the prevalence of hy-

pertension (measured by mercury sphygmomanometer) in-

creased from 4.32% (95% CI, 2.79%-6.63%) among children

aged6years to7.89%(95%CI,5.75%-10.75%)amongthoseaged

14 years and then decreased to 3.28% (95% CI, 2.25%-4.77%)

among those aged 19 years in 2015. During the 15 years from

2000 to 2015, the increasing rates of childhood hypertension

prevalenceweresimilaracross thewholeagerange (6-19years),

fluctuating at 75% to 79%.

Discussion

This systematic review and meta-analysis comprehensively

describes the prevalence of hypertension in children based

on available data published from 1994 to 2018. The preva-

lence of hypertension among children varied significantly

when measured by different devices. A positive secular

trend of childhood hypertension prevalence was observed

during the last 2 decades of the analysis. Overweight and

obese children were more likely to have hypertension than

their underweight or normal weight counterparts. On the

basis of studies that measured BP by mercury sphygmoma-

nometer, the age-specific prevalence of childhood hyper-

tension from 2000 to 2015 was established. Between 2000

and 2015, the prevalence of childhood hypertension

increased by 75% to 79% among children aged 6 to 19 years,

among whom the prevalence continued to increase before

the onset of puberty and during puberty, reached the peak

level at the end of puberty, and steadily decreased until the

beginning of adulthood.

Previous systematic reviews11,32-34 have synthesized the

prevalence of childhood hypertension in Africa, Nigeria,

Brazil, and worldwide. However, none of those studies

adopted the standardized BP measurement in children rec-

ommended by the NHBPEP, which states that the diagnosis

of childhood hypertension should be confirmed on at least 3

occasions to avoid false-positive cases.9 To our knowledge,

this study was the first systematic review and meta-analysis

to explore the global prevalence of childhood hypertension

based on BP measurements on at least 3 separate occasions.

In line with previous systematic reviews and individual

investigations,11,17,35,36 a positive association between

the prevalence of childhood hypertension and BMI was

observed in our study. This finding supports previous

results showing that obesity may be a risk factor for hyper-

tension and underlines the importance of weight control for

hypertension management in the pediatric population.36

Another key finding of this study is the pattern of hyperten-

sion prevalence according to age, by which the prevalence

of childhood hypertension started to increase rapidly from

the onset of puberty and reached the peak level at the end

of puberty. In previous studies,37,38 a higher level of BP dur-

ing puberty than before or after it has been well docu-

mented, which might be associated with hormone change

and rapid growth spurts.

Studies39,40 in the United States have observed an

increase in BP in children during the past decade, partially

caused by an increase in childhood obesity, especially

abdominal obesity. In this study, a significant temporal

trend of increasing prevalence of childhood hypertension

during the past 2 decades was also found at the global level,

as revealed in subgroup meta-analysis and meta-regression.

However, such a secular trend was not observed in Africa

Figure 2. Age-Specific Prevalence of ChildhoodHypertension

in 2000, 2010, and 2015
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during the past 2 decades, as previously reported.11 With the

potential forthcoming epidemic of childhood obesity in

developing countries, an increase in the prevalence of child-

hood hypertension may also transpire in these countries.

In 2017, the new clinical practice guideline for screening

and management of high BP in children and adolescents

updated the normative pediatric BP table in the fourth

report by NHBPEP by excluding data for overweight and

obese children, according to which the global prevalence of

childhood hypertension might be even higher.41 Consider-

ing the unfavorable health consequences of childhood

hypertension, this finding highlights the need for global

actions to prevent and manage childhood hypertension.7,36

Strengths and Limitations

Strengths of this study include the comprehensive search

strategies, a double review process, and stringent selection

criteria. In our systematic review, we included only studies

that were conducted in the general pediatric population so

that the generalizability of our results could be well guaran-

teed. Moreover, the standardized definitions of hyperten-

sion and its subtypes reduced heterogeneity largely because

of methodologic variability and made the synthesis of

prevalence possible. Also, we were able to pool the preva-

lence of hypertension and its phenotypes, prehypertension,

and stage 1 and stage 2 hypertension in children based on

the available evidence, which allowed our systematic

review and meta-analysis to provide a broad scope of the

prevalence of childhood hypertension. For the first time, to

our knowledge, in a systematic review and meta-analysis,

we constructed age-specific prevalence of childhood hyper-

tension and explored its secular trend after eliminating the

effects of BP measurement devices.

Several intrinsic limitations of this study should also be

recognized. First, although we unified the definitions of

childhood hypertension and its subtypes before pooling the

prevalence estimates, substantial heterogeneity was

detected. Second, the limited number of included studies

for prehypertension, stage 1 hypertension, and stage 2

hypertension in children increased the uncertainty of our

pooled prevalence estimates, and the sources of heteroge-

neity could only be explored by subgroup meta-analysis in a

limited set of groups. Third, we could not estimate the

prevalence of childhood prehypertension, stage 1 hyperten-

sion, and stage 2 hypertension at the regional level. Even for

childhood hypertension, for which the contributing data

points successfully covered all the 6 WHO regions, the

prevalence estimation at the regional level was not optimal

given that more than half of the included studies were con-

centrated in only 2 regions (Region of the Americas and

European Region).

Our overall pooled prevalence of childhood hyperten-

sion was lower than that in a previous systematic review of

the worldwide prevalence (4.0% vs 11.2%).42 The large dis-

parity might be explained mainly by the different numbers

of visits for BP measurements in these 2 systematic reviews.

In their study, the pooled prevalence of childhood hyperten-

sion was based on individual studies that had measured BP

on a single occasion or on 2 occasions or more, which could

lead to a higher prevalence estimate given that the preva-

lence of childhood hypertension could decrease with the

increase of visit numbers.10

Conclusions

This study suggests that childhood hypertension represents

a considerable public health challenge worldwide.

Childhoodhypertensionwas generallymore common in ado-

lescents undergoing puberty and children who were

overweight or obese.Anupward trendofhypertensionpreva-

lence in children during the past 2 decadeswas observed and

Table 3. Age-Specific Prevalence of ChildhoodHypertension (Measured byMercury Sphygmomanometer) in 2000, 2010, and 2015

and the Rate of Change From 2000 to 2015 by Age Group

Age, y

Prevalence of Hypertension, % (95% CI)
Relative Rate of Change
(1990-2015), %2000 2010 2015

6 2.42 (1.44-4.04) 3.57 (2.35-5.37) 4.32 (2.79-6.63) 78.10

7 2.46 (1.57-3.84) 3.62 (2.56-5.10) 4.38 (3.00-6.36) 78.04

8 2.50 (1.67-3.73) 3.68 (2.73-4.94) 4.45 (3.16-6.23) 77.99

9 2.56 (1.75-3.74) 3.77 (2.84-4.98) 4.56 (3.27-6.34) 77.89

10 2.71 (1.86-3.93) 3.98 (3.00-5.26) 4.82 (3.44-6.71) 77.69

11 3.00 (2.07-4.35) 4.41 (3.34-5.80) 5.33 (3.83-7.37) 77.27

12 3.47 (2.36-5.08) 5.08 (3.84-6.70) 6.13 (4.42-8.45) 76.61

13 4.05 (2.75-5.93) 5.91 (4.46-7.78) 7.12 (5.14-9.76) 75.81

14 4.51 (3.09-6.53) 6.56 (5.00-8.57) 7.89 (5.75-10.75) 75.17

15 4.45 (3.06-6.44) 6.49 (4.94-8.47) 7.80 (5.67-10.65) 75.25

16 3.85 (2.64-5.60) 5.63 (4.28-7.37) 6.79 (4.92-9.29) 76.08

17 3.07 (2.08-4.51) 4.51 (3.40-5.96) 5.44 (3.92-7.52) 77.17

18 2.38 (1.57-3.57) 3.50 (2.58-4.73) 4.23 (2.99-5.96) 78.16

19 1.83 (1.18-2.85) 2.70 (1.92-3.80) 3.28 (2.25-4.77) 78.94

Global Prevalence of Hypertension in Children Original Investigation Research

jamapediatrics.com (Reprinted) JAMAPediatrics December 2019 Volume 173, Number 12 1161

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.3310


maypersist in the future.Morehigh-quality epidemiologic in-

vestigations on childhood hypertension (ideally in accor-

dance with the recommendations by NHBPEP) appear to be

needed, especially for different subgroups of hypertension

(prehypertension, stage 1hypertension, and stage2hyperten-

sion) and within the Region of the Americas, Eastern Medi-

terranean Region, Southeast Asia Region, and Western

Pacific Region.
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