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Updating blood pressure references for Chinese children aged 3—17 years
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Abstract; Objective To develop blood pressure (BP) references by age and height simultaneously for Chinese chil-
dren aged 3—17 years(updating references). Methods Based on a pooled sample of 106 123 children, BP values
were obtained with certified mercury sphygmomanometers by trained examiners.  Systolic BP (SBP) and diastolic
BP (DBP) were defined by Korotkoff sounds phase 1 and phase 5, respectively. The sex-, age-and height-specific
BP percentiles (Ps,, Pgo, Pos and Py, ) were calculated by the generalized additive model for location scale and shape
(GAMLSS). Data on BP were available for a total of 43 476 children aged 6 to 17 years (male: 51.2%) from a
separate survey and the difference in the discrimination ability of hypertension between updating references and BP
references in 2010 was studied. Results The cut-off values(Ps,, Py, Po; and Py ) of BP increased with height
and age. Compared to BP references in 2010, SBP level of the 95th percentiles of updating references at the height of
5th percentiles was lower(lowered by 3—7 mm Hg in male and 0—6 mm Hg in female); SBP level of the 95th per-
centiles of updating references at the height of 95th percentiles was higher(increased by 2—6 mm Hg in male and 0—4 mm Hg
in female) ; DBP level of the 95th percentiles of updating references at the height of 5th percentiles from 3 to 13 years
was lower; DBP level of the 95th percentiles of updating references at the height of 95th percentiles was similar.
Among hypertensive children defined by BP references in 2010, 90. 1% remained hypertensive according to updating

references. Conclusion The BP references by age and height are useful for identifying hypertensive children.
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<96 88 99 102 108 54 62 65 72 11 <134 98 111 115 122 62 72 75 83
96~97 88 100 103 109 54 63 65 72 134~137 99 112 116 124 63 72 76 84
98~100 89 101 104 110 54 63 66 72 138~142 100 114 118 126 64 73 77 85
101~103 90 102 105 112 54 63 66 73 143~148 102 116 120 128 64 74 78 86
104~106 91 103 107 113 55 63 66 73 149~153 104 119 123 130 64 74 78 86
107~108 92 104 107 114 55 63 66 73 154~157 106 120 124 132 64 74 78 86
=109 93 105 108 115 55 63 66 73 >158 106 121 125 133 64 74 78 86
<102 89 101 104 111 55 64 67 74 12 <140 100 113 117 125 64 73 77 85
102~104 90 102 105 111 55 64 67 74 140~144 101 115 119 126 64 74 78 86
105~107 91 103 106 113 55 64 67 74 145~149 102 117 121 128 65 75 78 86
108~110 92 104 108 114 56 64 67 74 150~155 104 119 123 131 65 75 78 86
111~113 93 106 109 115 56 64 67 74 156~160 106 121 125 133 65 75 78 86
114~116 94 107 110 117 56 65 68 75 161~164 108 123 127 135 65 75 78 87
=117 95 107 111 117 56 65 68 75 >165 108 124 128 136 65 75 78 87
5 <109 92 104 107 114 56 65 68 75 13 <147 102 116 120 128 65 75 78 86
109~110 92 104 107 114 56 65 68 75 147~151 103 117 121 129 65 75 78 87
111~113 93 105 109 115 56 65 68 75 152~156 104 119 123 131 65 75 79 87
114~117 94 106 110 117 57 65 69 76 157~162 106 121 125 133 65 75 79 87
118~120 95 108 111 118 57 66 69 76 163~167 108 123 128 136 65 75 79 87
121~123 96 109 112 119 58 67 70 77 168~171 110 125 130 138 66 76 79 87
>124 97 110 113 120 58 67 70 77 =172 110 126 130 139 66 76 79 88
<114 93 105 109 115 57 66 69 76 14 <154 103 118 122 130 65 75 79 87
114~116 94 106 110 116 57 66 69 76 154~157 104 119 124 132 65 75 79 87
117~119 95 107 111 117 58 66 69 77 158~162 106 121 125 133 65 75 79 87
120~123 96 108 112 119 58 67 70 78 163~167 108 123 128 136 65 75 79 87
124~126 97 110 113 120 59 68 71 78 168~172 109 125 130 138 66 76 79 88
127~129 98 111 115 121 59 69 72 79 173~176 111 127 131 140 66 76 80 88
>130 99 112 116 123 60 69 73 80 =177 112 128 133 141 67 77 80 89
<118 94 106 110 117 58 67 70 77 15 <158 105 120 124 132 65 76 79 87
118~120 95 107 111 118 58 67 70 78 158~161 106 121 125 133 65 76 79 87
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4 3~17 4
(mm Hg) (mm Hg) (mm Hg) (mm Hg)
) (em) Ps Py, Pys Pgg  Pso Pog Pgs Pog (S (em) Ps Py Pys Pyy  Psy Poy Pgs Py
<95 87 99 102 108 55 63 67 74 11 <136 98 112 115 122 62 71 75 83
95~96 88 99 103 109 55 63 67 74 136~139 99 113 116 123 62 72 75 84
97~99 88 100 103 110 55 64 67 74 140~ 144 101 114 118 125 63 73 76 85
100~102 89 101 104 111 55 64 67 74 145~149 102 116 120 127 64 73 77 86
103~105 90 102 105 112 55 64 67 74 150~154 103 117 121 128 64 74 77 86
106~107 91 103 106 113 55 64 67 75 155~157 104 118 122 129 64 74 77 86
=108 91 103 107 113 56 64 67 75 =158 104 118 122 130 64 74 77 86
<101 89 101 105 111 56 64 67 75 12 <142 100 113 117 124 63 73 76 85
101~103 89 101 105 111 56 64 67 75 142~145 101 114 118 125 63 73 77 85
104~106 90 102 106 112 56 64 67 75 146~150 102 116 120 127 64 74 77 86
107~109 91 103 107 113 56 64 67 75 151~154 103 117 121 129 64 74 78 86
110~112 92 104 107 114 56 65 68 75 155~158 104 118 122 130 64 74 78 87
113~114 93 105 109 115 56 65 68 76 159~162 105 119 123 130 64 74 78 87
=115 93 105 109 115 56 65 68 76 =163 105 119 123 131 64 74 78 87
<108 91 103 106 113 56 65 68 76 13 <147 101 115 119 126 64 74 77 86
108~109 91 103 107 113 56 65 68 76 147~149 102 116 120 127 64 74 78 87
110~112 92 104 107 114 56 65 68 76 150~153 103 117 121 128 64 74 78 87
113~116 93 105 109 115 57 65 68 76 154~157 104 118 122 129 65 74 78 87
117~119 93 106 109 116 57 66 69 77 158~161 105 119 123 130 65 74 78 87
120~122 94 107 111 117 58 66 70 77 162~164 105 119 123 131 65 74 78 87
=123 95 108 111 118 58 67 70 78 =165 105 119 123 131 65 75 78 &7
<113 92 104 108 115 57 65 69 76 14 <149 102 116 120 127 65 74 78 87
113~114 92 105 108 115 57 66 69 77 149~152 103 117 121 128 65 75 78 87
115~118 93 106 109 116 57 66 69 77 153~155 104 118 122 129 65 75 78 87
119~121 94 107 110 117 58 67 70 78 156~159 104 118 122 130 65 75 78 87
122~125 95 108 112 118 58 67 71 79 160~163 105 119 123 130 65 75 78 87
126~128 96 109 113 119 59 68 71 79 164~166 105 119 123 131 65 75 79 87
=129 97 110 114 121 59 69 72 80 =167 106 120 124 131 65 75 79 88
<116 93 105 109 115 57 66 69 77 15 <151 103 116 120 128 65 75 79 87
116~118 93 106 109 116 57 66 69 77 151~152 103 117 121 128 65 75 79 88
119~122 94 107 110 117 58 67 70 78 153~156 104 118 122 129 65 75 79 88
123~126 95 108 112 119 59 68 71 79 157~160 105 119 123 130 65 75 79 88
127~130 96 109 113 120 59 69 72 80 161~163 105 119 123 131 65 75 79 88
131~133 97 111 114 122 60 69 73 81 164~166 105 120 124 131 65 75 79 88
=134 98 11z 115 122 61 70 73 82 =167 106 120 124 131 65 75 79 88
<120 9 106 110 116 58 67 70 78 16 <151 103 117 121 128 65 75 79 88
120122 b 107 LT 58 67 7L T 151~153 103 117 121 129 65 75 79 88
123~126 95 108 112 119 59 68 71 79 _ _
154~157 104 118 122 130 65 75 79 88
127~131 96 109 113 120 60 69 72 80
L 13 s 1L 15 122 61 70 73 158~160 105 119 123 130 65 75 79 88
136138 00 112 116 123 61 71 74 83 161~164 105 119 123 131 66 76 79 88
=139 100 113 117 124 62 71 75 83 165~167 106 120 124 131 66 76 79 88
<124 95 108 111 118 59 68 71 79 =168 106 120 124 132 66 76 79 88
124~127 95 108 112 119 59 68 72 80 17 <152 103 117 121 129 66 76 79 88
128~132 97 110 113 120 60 69 73 81 152~154 104 118 122 129 66 76 79 89
133~136 % 111 115 122 61 71 74 82 155~157 lo4 118 122 130 66 76 80 89
137~141 1000118 1712462 72 75 84 158~161 105 119 123 130 66 76 80 89
Hz—=145 101 L8 12563 7276 8 162~164 105 119 124 131 66 76 80 89
=146 102 115 119 126 63 73 76 85
10 6 100 15 120 60 60 73 81 165~167 106 120 124 132 66 76 80 89
130~133 97 110 114 121 61 70 73 82 =168 106 120 124 132 66 76 80 89
134~138 99 112 116 123 62 71 75 83 : 1, 52 392
139~143 100 113 117 124 63 72 76 84 20 742 . 7
144~147 101 115 119 126 63 73 76 85 “Prs Prom(Prs— 1) Pris~(Pys—1) Py~ (P — 1) Py s ~
148~151 103 116 120 128 63 73 77 85 (Pas1) Pas e~ (Pos s 1) =Pos. ’

=152 103 117 121 129 64 73 77 86




2017 5

5 Chin J Hypertens, May 2017, Vol. 25 No. 5

s 433 -

& (mm Hg)

3.1

3.2

or ————BEPs Bt
120
100
80 S L
60 |
0: | 1 ] | L | I
0 3 5 7 9 " 13 - -
FE(F)
a P Pos 3 Pys .
! Ps Py
2010
[27-28]
[8, 12-14, 29-30]
. 1991
o 618
(5916 )
) , o |
° 2010 [10]
3~17
’ (
2010),
[18, 32-33]
2010 ’
2010

Mo o
L e B Pos
o — 2010 FfpfE ‘_........::’—_-_-__-':'_‘__.
I T
T | et eme
E 100~
1+
g
80 |- -
60 |-
0 T 1 1 TR 1 1 1
0 3 5 7 1" 13 15 17
Fif (F)
Pys Pys 52010 :2010 Pys
2010
[27-28] ,
[34]
,2010 LMS ,
( o s
GAMILSS
s WHO
[11-12, 14, 35]
, 2010 N
(K4) (K5) ,
(K5) . : @
K4 ;@ (
K5) NG K5
[8, 11, 30] @

R (The Associa-
tion for the Advancement of Medical Instrumenta-
tion, AAMI) s

KSFSGT .
3.3 2010
s 7
(Pg)j;) (PG) PS)S
2010 s
, 2010
. 92.9%

., 2010 s



2017

5

Chin J Hypertens, May 2017, Vol. 25 No. 5

[37]
’

<5 mm Hg,
{
2010), @

(prehypertension)

“

<Py ;@
”(high-normal blood pressure) ; Py, <<
<P95 ’ /
(hypertension) ;

/
—=120/80 mm Hg;®

/ =Py; .

b

2~4 ’

[8-9]

o 2 :].
(stage 1 hypertension) : Py; ~ P +5 mm Hg;

Do

(stage 2 hypertension) : =>P,, +5 mm Hg,

b

3’\’17 ’

S=17

0 2010 ,

(1]

(2]

[3]

[4]

[5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

2015[ M.
,2016:13-24.
Ingelfinger JR. The child or adolescent with elevated blood pres-
sure[J]. N Engl J Med,2014,370(24) ; 2316-2325.
Litwin M, Niemirska A, Sladowska J, et al. Left ventricular hy-
pertrophy and arterial wall thickening in children with essential
hypertension[ ] . Pediatr Nephrol,2006,21(6) :811-819.
Daniels SR, Loggie JM, Khoury P, et al. Left ventricular geome-
try and severe left ventricular hypertrophy in children and adoles-
cents with essential hypertension[ J]. Circulation, 1998, 97 (19) .
1907-1911.
Sorof JM, Alexandrov AV, Garami Z, et al. Carotid ultrasonog-
raphy for detection of vascular abnormalities in hypertensive chil-
dren[J]. Pediatr Nephrol,2003,18(10):1020-1024.
Li S, Chen W, Srinivasan SR, et al. Childhood blood pressure as
a predictor of arterial stiffness in young adults: the Bogalusa heart
study[J]. Hypertension,2004,43(3) :541-546.
Chen X, Wang Y. Tracking of blood pressure from childhood to
adulthood: a systematic review and meta-regression analysis[J].
Circulation,2008,117(25) :3171-3180.
National high blood pressure education program working group on
high blood pressure in children and adolescents. The fourth report
on the diagnosis, evaluation, and treatment of high blood pres—
sure in children and adolescents[ ] ]. Pediatrics,2004,114(2 Suppl
4th report) :555-576.
Daniels SR. How to define hypertension in children and adoles-
cents[J]. Circulation,2016,133(4) :350-351.
(1] ,2010,5(1) :4-14.
Xi B, Zong X, Kelishadi R, et al. Establishing international
blood pressure references among nonoverweight children and ado-
lescents aged 6 to 17 years[]]. Circulation, 2016, 133 (4): 398-
408.
Neuhauser HK, Thamm M, Ellert U, et al. Blood pressure per-
centiles by age and height from nonoverweight children and ado-
lescents in Germany[ ] ]. Pediatrics,2011,127(4) :e978-988.
Kulaga Z, Litwin M, Grajda A, et al. Oscillometric blood pres-
sure percentiles for Polish normal-weight school-aged children and
adolescents[J]. ] Hypertens,2012,30(10) ;1942-1954.,
Ataei N, Hosseini M, Fayaz M, et al. Blood pressure percentiles
by age and height for children and adolescents in Tehran, Iran

[J].J Hum Hypertens,2016,30(4) :268-277.

http://www.cnki.net



2017 5 25 5

Chin J Hypertens, May 2017, Vol. 25 No. 5 .

435 -

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Stasinopoulos DM, Rigby RA. Generalized additive models for lo-
cation scale and shape (GAMLSS) in R[]J]. ] Stat Softw.2007,23
(7):1-46.
de Onis M, Garza C, Onyango AW, et al. WHO growth stand-
ards for infants and young children[ J]. Arch Pediatr,2009,16(1) :
47-53.
Cole TJ, Stanojevic S, Stocks J, et al. Age-and size-related ref-
erence ranges: a case study of spirometry through childhood and
adulthood[ J]. Stat Med,2009,28(5) :880-898.

.o GAMLSS .
7~17 L1l
,2011,6(5):340-348.

’ ’

’ ’ ’

(. ,2008,29(9) :849-854,
. . . . 2001

[l ,2007,27(5) :499-504.
3~6 [Jl.
,2007,15(1) :76-78.

’ ’ .

. . 7326
[J. ,2007,25(12) :1005-1008.

[J]. .2006,31(4) :590-592.
s s 5762
[J]. ,2005,21(6) :649-651.

Yan W, Wang X, Yao H, et al. Waist-to-height ratio and BMI
predict different cardiovascular risk factors in Chinese children
[J]. Diabetes Care,2006,29(12):2760-2761.

s s s . 3~6

[JJ. .2003,18(5) :373-375.
Gillum RF, Prineas RJ, Horibe H, et al. Maturation vs age: as—
sessing blood pressure by height[J]. ] Natl Med Assoc, 1982, 74
(1) :43-46.

Jiang X, Cao Z, Shen L, et al. Blood pressure tables for Chinese

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

adolescents: justification for incorporation of important influen—
cing factors of height, age and sex in the tables[J]. BMC Pediatr,
2014,14.10.
A Working group report from the national high blood pressure ed-
ucation program. Update on the 1987 task force on high blood
pressure in children and adolescents[ ] ]. Pediatrics, 1996, 98(4) ;
649-658.
Lurbe E, Cifkova R, Cruickshank JK, et al. Management of high
blood pressure in children and adolescents: recommendations of
the European Society of Hypertension[ J]. J Hypertens, 2009, 27
(9):1719-1742.

. . . (.

,1991,29(1) . 34-36.

[1]. ,2008,32(6) :554-555.
Yan W, Liu F, Li X, et al. Blood pressure percentiles by age and
height for non-overweight Chinese children and adolescents: anal-
ysis of the China health and nutrition surveys 1991 — 2009 []].
BMC Pediatr,2013,13:195.

, , , . 1985—2005 7~18

. ,2010,42(3) :318-322.
de Onis M, Onyango AW, Borghi E, et al. Development of a
WHO growth reference for school-aged children and adolescents
[JJ. Bull World Health Organ,2007,85(9) :660-667.
ANSI/AAMI/ISO 81060-2:2013. International Standard. Non-
invasive sphygmomanometers. Part 2. clinical investigation of au-
tomated measurement type[ S/OL]. 2013[2016-12-20]. http.//
my. aami. org/aamiresources/previewfiles/8106002 1306 pre-
view. pdf.
Duncombe SL, Voss C, Harris KC. Oscillometric and auscultato-
ry blood pressure measurement methods in children: a systematic
review and meta-analysis[J]. ] Hypertens,2017,35(2) ;213-224.
:2016-12-25



