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Abstract

Hypertension is one of common chronic diseases and an important risk factor of
cardiovascular disease. With the increasing prevalence of childhood obesity, the
childhood hypertension is increasing as well. Early detection and control of
hypertension for children and adolescent may help to prevent the adulthood
hypertension and other cardiovascular diseases. Blood pressure measurement is not
included in the regular health checkup for school children and there are limited studies
on hypertension in children and adolescents. This study is to investigate factors
associated with childhood hypertension using data obtained from a mass urine
screening campaign among school children.in Taiwan Province, 1992-2000. We also
conducted a follow-up study among childréﬁ with ‘hypertension to investigate the
impact of childhood hypertension‘on ,the early, adulthood health, 10 years after the
screening campaign, especially the cardio%:éﬁlar metabolic abnormalities.

This study therefore consis.tg of t:wio pﬁéjec_té: (1) "fhe first study is a case-control
study. We identified school children” with urine sl:reening positive in the 1992-2000
campaign. We used the childhood hypertension criteria of American National High
Blood Pressure Education Program Working Group to determine hypertensive cases.
The available information included anthropometrics, measurement of blood pressure,
and selected biochemicals. We selected non-hypertensive children also from urine
screening positive children as controls, frequency matched by age and sex to conduct
nested case-control analyses for risks associated with childhood hypertension. (2) The
second part of study is a follow-up study. Urine screening positive students who lived
in Taipei and Taichung were invited for a follow-up health examination including
questionnaire interviews, anthropometric measures and blood pressure, blood tests,
urine screenings, and exams of atherosclerosis. In this prospective cohort study, we

considered those hypertensive children identified from the mass urine screening
vi



campaign as exposed group and non-hypertensive students as non-exposed controls for
comparison.

In the case-control study we found: (1) The prevalence of obesity in cases was
three times higher than that in controls (17.9% vs. 6.1%, p <0.0001). The multivariate
logistic regression showed that the strongest risk for childhood hypertension was
associated with obesity (OR = 3.45, 95% CI = 3.20-3.72). High cholesterol was also a
factor associated with childhood hypertension. Both factors had the dose-response
relationship with hypertension (p <0.0001). (2) A V-shape relationship was found
between birth weight and hypertension risk. Among non-obese children, those with
higher birth weight (OR = 1.19, 95% CI = 1.05-1.34) or low birth weight (OR = 1.1,
95% CI = 0.96-1.27) had higher risk of hyperfénsion compared with children with the
weight of 2500-2999 gram. (3)Compared with, children with the lowest IgA decile,
children with the highest IgA décile hadhlgfler tisks for hypertension (OR = 1.20, 95%
CI = 1.08-1.34), hypercholestefql_ (O:RI - '1".22,'95% Cf - 1.11-1.34), and impaired
fasting glucose (OR = 1.77, 95% CI = 1.62-1.93). ifhe risk of impaired fasting glucose
increased to 2.93 (95% CI = 1.93-4.44) among obese children with the highest decile
of IgA.

In the follow-up study, those with childhood hypertension at the baseline
remained at a high risk of hypertensive than children without childhood hypertension
(OR =4.19, 95% CI = 2.42-7.28). They were also at higher risks of impaired fasting
glucose (OR =4.70, 95% CI = 1.62-13.6), and developing metabolic syndrome (OR =
4.20, 95% CI =1.23-14.3).

This study shows that obesity is the significant risk factor of hypertension for
children and adolescents. High levels of IgA and birth weight are also associated with
childhood hypertension. Childhood hypertension increases the risk of remaining

hypertension and developing metabolic abnormalities later in young adulthood.
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adolescents from American Heart Association
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11% > p < 0.001) [44] o 12 ¢ 7|eh— 38 % A3 4 (N=560,588)% % &7 > 16-19 % ¥
g b E e Blll'fﬁ B BRBHBEFTFLE 664%  FHELEEFL(047%)F F FHE
(56.5%) 5 > #(p <0.001) 5 * 5 > & chg w B dp 75 He Ellﬁiﬂ" (55.6%)
B EEFELE69%)E BE T K '%2(34.3%) (p<0.001) [45] -

%’.“lﬁ;@ii’—:ﬁﬁii'ﬁ CE LT R kE I 6-16 REF o A Ei—’iﬁ" n BT IEE
R e ’?l'%z E- SRR A 4 13:64%‘-@(112.6i6.6 ¥ 107.846.9 mmHg > p <0.001)% 473k R
(65.9+4.4 ¥ 64.2+4.2 mmHg > p <0.05) [46] - ;£ 11-16 fk g 4 > 5@ ’ilifﬁdﬁﬁ‘
¥ '?q“ﬁ B EPSE R (6712 #6142 mmHg > p = 0.04) [47] - — 58 & 3 chFFLE
T oot 12-16 g endw AL g gF L e s_l_ 2 L s gL Rk 1ﬁ1§(121 1+11.8 ¥
112.8+12.5 mmHg » p <0.001) & 4% 55@(72 8i10 84 %106.7+8.8 mmHg > p < 0.001) ;
LR ESS N A gL E ﬁﬁ@(ll?’ 5+12.5 102 8:&1"1”7 mmHg P <0.001) £4-3& & (73.1£10.3

¥+ 66.74£8.8 mmHg > p <0. OOl)J, ﬁ&‘& & ”l-‘* dé % [10]

Fi kg o - BERPES Mg BT ’*}IEL FRER L B AV B
b E 0 4 % 0 BMI (median=24.9 #f 22.3 kg/m® » p = 0.0001) [16] » ¥ B¢ 3~
F2 I8 M EH P [48]0F A BT ZHBMI T35 B0 L BRI ¥ 7 %(36.348.3
31,7455 kg/m® » p<0.001) » $ B s B4 ZHBMI T3 fuk B I ¥ cht 33
B (36.4+9.3 ¥ 32.1+7.1 kg/m” > p <0.001) -

S Y e g g 2 S ERE (LT kg/m’) > 3 Jc 55 (-3.9
mmHg, p < 0.001)fr473 /& (-4.2 mmHg, p < 0. 001)*'3" PR T PE[49] o 11 b IR

BT

—\\
f-\

E S ER R B M A o d BT SRR R
FER a i EEE B BRI R -
o e { @&@#Bfﬁm*iﬁa‘lﬁﬂ—*’ rﬁﬂ.@m%\’\#g B o pE R

oA d BRG] EFRF R R AR F Y L e [50] -

15:\1.



4 ek 2T LS B INGTE A LR § B e dB R s % (OR = 170 » 95% CI =
1.07-2.70) [S51] - & & F 6-13 & 23 ¢ > JoERE 7 Ml W2 AP M ik s
0.124 » e 7 87 E[52] o

XA B By AP FRAL R 2-IBAFEY 3 3 BT 2
= fa b Py (triglyceride, TG)* 3218 B »t o B ¥ 07 3%(148.7+77.3 $f 115.4+51.2
mg/dL > p=0.027) > % B & *3 v "% F]f% (high-density lipoprotein cholesterol, HDL)
T 3oE Mt BRI ¥ T 3%(39.6+12.7 ¥ 45.0£10.0 mg/dL - p=0.001) » e % 3% &
IR G[48] c R 12 X I8 Feng b E Y 5 X BB N ZARRIT L BRILDYT TS
FORE MR B R P -0 "2 F A (Low-density lipoprotein cholesterol, LDL)
(3.2440.68 ¥ 3.01+0.70 mmol/L > p=0.05)% = &4 ¥ 75(0.87£0.36 % 0.73£0.27
mmol/L » p=10.003) [53] - — FE 4 ¥ #50 m%’ EFATFR FRER L RO E
WEB L RO E S G R x"&mHDL(medlan —\1 214 mmol/L > p=0.0001)% iz
® hZ fe b fg(median = 1.2 % 1.0 mmU‘I/L "p =0.0201) > @ 4 LDL & 3 4c 0.1
mmol » & & B Gt A 1.25.r(_95%)-|CI = 1.07:1.46) [16] ot i 15-18 gy
E0 o gpReTiLG B L R S 1 L B E R R ERE (43208
¥ 3.940.6 ummol/L > p < 0.01)% LDL(2.4+0.68 #f 2.09+0.53 ummol/L > p < 0.01)
[54] o - FHHET B 0-12 PF S ER - D PICHRE Z BH b 0 =
0.464 > p<0.001)% #*£FHE(r=0291>p<0.01)F & 4pBE[52] -

Fobogd Ay PG U E i BRER B A5 B[S5,560] F F

9 815 Kk Y A HATT

B\ 4

(OR =1.9 » 95% CI = 1.3-2.8)# + 3%(OR = 2.6 »
95% CI=1.8-3.8) » AR T RE g W A vH IS BP B F A B 2 F 8 R e
PrREVERRE T RBDRERMBZ AT AR BRER L J2F (OR=1.6>95%CI
=1.0-2.4) [56] -

)
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NAMEL RS Ea- FER L PEHT R E0E B F 0 E R i
Bos BEFAELOERE S &R E L F AR [34,57-65] 14— T
EWaETy > 4 WME B E(OR=1.04295% CI=1.02-1.64) " #F #=(OR = 1.52:95%
CI=123-249)h8 § v RO A MET F B3 RF B w BAEG I [34] - &2
B4 55908 7 k4 chFF § B F 0 NAMEE R - 2T 0 BAGERE G §
5 2.2(95%CI=1.9-25)> % 43R B 5% 5 1.8(95% CI=1.6-2.1) [65] > £ % 14 48
Bk g 0 3L GG A M R A 4R R R T AT AR M [S9, 66] -
A EgAd s A A M E L R MG S PFR T T hkd s )
L T E L LY et E R R (60, 66] 0 Flpt A m AT 2 MK

4 4

&

BE B ARG G R s E Bk R B R[34, 64, 65] ¢

FAF s AF 57 RER n*’sa“}rzufa; Mo n3e BENBHEGERY o
- BER TG BFEE KBRS L 8 e BRABGESE Y BB 5 [67-70]
High-sensitive C-reactive protein (hSCRP}rS’"W: # 3R L IL-6 % 3R ALE R LR
dp e @ BT fﬂ?%—é’u 51:4» A(1¢nmug10bu11nA [gA)Z2 kR~ T AR5
- ST R Jedy $R[67-69] « 2 hSCRPk 3. » Jf“%n L9 - 44 6-9 K% s
H ¥ PFT Y > hsCRP &5 &3 & 4p B (SBP: r=0.117 > DBP: r=0.165) » 2 iX 5 i&
PlAE Y B E[T1]e 146 sk kS 0 R 10-19 ket ¢ g i s
Bz fesgR G L AP (r=0.22 p<0.05)[72]

WA Y GWE AR G BRRE A G F 23"]#7%5]43%5’“%‘ A H g
P IgA Jk R 2% (Median : 2.81 ¥+ 1.95g/L > p<0.001) [68] ° %&F & *& FIfF o e
XA d s TgA kA &R S B F b (r=0.59 > p<0.0001) [67] - % ¢ IgA ik
R §EF M e B e [68] 0 F 40 FF R RIE AT 4 B AR i TgA R 4 B
[69] e p i RA T4 L2+ & IgA LR F 2 BAH @ SR F chp
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X
N

BN
ot

R T e
S T SRHE 2 Y e ¢ ffxf&gﬁ F B[73] - e B 2R
EYED AT 612 KD SRR L R W AT M (R r=0.207

p<0.001; 45 B r=0.102 > p<0.001)[11] e A ¥ Wer— BTE B o fﬁ}’% 5 4+ B

FE s ff\ﬁﬁl’f’n_@’ﬁ % 58 4R F&?(‘i{‘{ﬁ/ﬁ :r=0.81>p<0.0001; 4%Br =

0.66>p=0001)[74] - ¥ M2 Rk $ AR At b2 > Rl #2425 -

Fa% ~CRP~ w g ~ o bb ~ ML 2 % § 18 0 B RPN ERMARE DS #E 5

B cn BRiE B B & (OR =2.26,95% CI =1.03-4.98) » = £ c:E&k i BMI & iﬁ% B

% (OR =2.05, 95% CI = 0.94-4.48) [75] - 1345 ¥ % 7 Bogalusa Hear study » /€523

T AR € R e X E G RN A (B=585p=0.025)[73] -

Fob TR g RN e R [76] M P S

cy

% - Belojevic % % ¥ 3F 8 V&ﬁ‘“37}§«47fa@§f;i’ oo kBT RS
iﬁﬁ@ym§Ui%ﬁ%ﬁwaol:éi

| 1 .
S H U E R RS E R R ;

A ?Ez
Ba
FIFIBAR > ZIiFYF FLBREEEIEL DS > A H v F AP

R 82 £ r%A o F R B ST F IR AR RO U R T K hi2d (547
Fo) o eiER B R R B #5230 )T RF hF £ B(OR = 455 95% CI =
1.1-17.7) % 3Pk i 3 5 % (OR =3.1 > 95% CI = 1.0-9.7) [77] - i& jf e~ B+ 52
THER o F R RS S E (S end R f B F AR [78] o - B
BT TG 21 & HSF R F 0 E R (12-18 K TR A H 4
ImmHg > & & {$ chgpéo#% @ 4L & B & € 3 4c 0.013 mm (p <0.001) [79] * > & F x-

RS ELOREFPEEE 3 FLAR
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2~ £ %

L G
(- ASRF

%1992 & 1 2000 & # > ¢ EfF2 #it K £ ¢ (Chinese Foundation of Health,
CFH)b%‘/%ﬁﬁif‘Tf ek KT &%94A,F,1}_W?ﬁ(2 HA S FAT)e
TEEERAE CRAY 3P R)F LR R - R E R 1992
#2974 2,615,000 =4 4 5% R @ 0 1993 I 2000 & 5 & 97 2,932,000 =8

2 %4 o P enE & &G Fk h-0 (proteinuria) ~ Fj#E(glucosuria) & . fk (hematuria)

Hi 4
LTS ERER M D AL R BHM O BRES R DY - R
e & RPIRIF D R CFTI A\%f';;n;ﬂq.% EFRE L B R

4 o CFH &% 2i# 393 & mﬁl&¢ im@pwﬁ I s Ld X

,—l-

FREnes o 5 4 Jamﬁﬁﬂ mﬁ@d1m¢&ﬁu£§ﬁ%?%%

1 iFsk o 57 i R “”m:‘r‘ %ﬁ%ﬁ l?éf%ﬁ%b’% TR AR R
B ﬁﬂwdﬁw%Mrﬁﬁﬁﬁnw~wm5ﬁ T A AL ER Ak i o
G R o ¥ CFH wifig s %2 F 2 HRFY o r B EA M & ik
LR

o SRR R SRS R R S AR i 0 F 0 SR
s FREFEA R EARG TR E- HehL MG E L bt CFH &24F
Tl d ATE T DI EEREFHEL HRE PHRE PR ED ¢ Y
Weh(2 460 % MEE L R R~ £t A (2 4 EFM - £ ¢ A% § [blood
urea nitrogen, BUN] - #*“f& fi¥[creatinine] ~ @ 3¢ (albumin) ™ % & & 3f F-9
Alimmunoglobulin A]%)12 2 % = X Fijkte b o = B A5 2 PIE 4 {:ngﬁ i —
# i B R

S0 4 Eaniitk > CFHH& A M 192213 8 2 R GHREF 2 #2 L8
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B EF 63,800 LEAA B S PERBLE 24561 R L BB
DERPES FPE FIF 2 RES BT REY FEE RS S TH T

AR ()F L RE R GRS

WEER L5 R Y 2l

|

G)Risg P ENIGAEF L R - F o pEE F o g2 pH

AR g d R iR F 2 AT L (baseline data)E (7 4 47 o &9& i
L S OF S % BV PERSBE L CHESBEF TN - AP RALE & BRP[E
#-SBP-]: 40 mmHg ~ SBP =~ *250 mmHg ~ DBP-] **30 mmHg#% DBP = * 150
mmHg ¥ & B F T 2.5% & T #Hf = N S fﬁ?ﬁ:i#&% » B8 99350
PR CEMTHRECTL AP RBEIRE L BRLIT) EHITE FUEFLR
SR BE AR R R ﬁmp%w@*%@%ﬁ&?ﬁW&ﬁﬁﬁ%
(frequency matching) » 14 SEgE 3 5 4% &2 ;}?5 PEfplE#cE 2 L3 o BB E
z s iFE I Bl |4+ A7 T (ested cas;;ﬂﬁérol study) -

B PLHEEN ML D %&@ TRY VIR STy Y

89668 -5 4 » T Al i THBEFHG A HME - GHRPFFBMIE S EF L
RR2_ M-

BESEF ALY ;ﬁ;{;%ég,uiiﬁﬁg&j—ﬂ#&“%’rﬁIgA?ﬁﬁaﬁ%f:ﬁ
F@%—ﬁﬁ%°ﬂwﬁﬁiﬂﬁipiﬁﬁﬁ?% CRLHVIGATH DR R
B B EF RS4RI EF E T UFEHIGAE C E R L R B B A
x g2 ApRE o
(= )EBEF 7

103,756 =8 5 T AAMF R AR ERFEEL Y > R ERCHEST §

02 F b BARF e B (B e 16-18 f ¢ e ip/&>140 mmHg o &% R >90

12



H

mmHg) > &iE 11 9,227 (5.6%) % F B4 BMehEF 4 > LR L B RN TETR

T

E3

E“!d

VAR R 'z
ERREI e W

R

A REF AL BB LFROE L REL ST oA AP
1,251 =% 59 3 0205 =84 5 A3 B0 BE B e B % o & 103,756 =
HA9 54 04520 2 BB R H P A S Beh 17448 2% 5 ¢ 0 3055
EEA LAY F B g E i B % (Figure 1-1) -

Mk BEEHO SRR F AN PR E R L R B A S kR e

TR g F D A E N AL KEVRF L L R RBE

=

sl 1 ;@g{g@;gx# » VL ER ;‘Ng & H %ﬂ,\@ ‘1(1 ‘ggr 3 o gg 4 ‘1(1 ‘g;,—s_
G APEEAR T AR A P Ep g A F S PRIEFCEF LR

EHIR AT N E PR 2 ﬁﬁ'%‘°i?'f§¥’_,‘€,9} bEZ L BEKISE 0 AP

e

TEPFEFRGFTRE o %,g; if{:ﬁ%ﬁﬁ%;m__:_ ][%)}rﬂ};}]\ IR %,xl 4

i< e

1‘4—

TPER ¢wﬁm1fhd§ﬁ@pvﬁ%ﬁ%%$ R AR

H o AT B R A O SN ~'='::%x$:; S LR A R

%@*Ff?%iﬁﬁ’@Smm%&ﬁ?mﬁi%,@’2ﬁf TR A Ao
$B Tt 0 30A B B DR KR AT AR S 0 B R
TELA GRSt e PR PR R HYR A

ApEAE S fRERP AT FOP oA H L E > BRFUTEBRY
THRAFR - A2 T AP EATLREIAPRADN AT 0 L L
FERKRARLE 2B LEFHRE - " EFLREPRATP 5534 LT K
h(e4t¥ 3 MWL S EFEFREE) 2 Ve A (5 W R 2 k) > Dynapulse
R FE AT A E colin sk FIEME o XN T TR o7 B R i B

WA e HEFERREFRAKRE -

Foo8 TR
CEFLRBEPF LTI RN ETH L RE ARk E Rtk
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FE %Az Atk A 2 Colin i 32 E 0] o
(1) B EF#
EFALRE A CCRPEFFEFEARAR > AP RERILS Eoi F i

BREFEPNFoFACAEEHRRRTHE LERE IFRE B A2 ETR -

AR %ﬁi%?ﬁ\%ﬂﬁﬁéiﬁ.f@%°4r§ ¢ e
BsE# D3 R E DA RE 2S5 AR kT AR S WRFERR R~

FETr s R A BE PEEF R S ERE o BRD (TIRB A RIIT A
TR IR WP E NI BRE S T ¢ *i‘l%l‘%‘ fd fos |+ 8
SEERGAE RS U Ah i ER LIRS AR 1 CEK LT
RERTREBR BAAEY R 42 LRI R SRR R &
G H e LA N FURL A AT L B SN D A R RS
g~ R AR S o A ﬁl,%‘*i #l%%ﬁlﬁﬁ Bw B R s SR
R TROR R R Maw’;‘*:ﬁ ﬁvﬁ'm —’*,5”7{?"} ciLEH P ST
Ky AR BE -~ LF R a?» fw'«f‘] a?"sﬁr@fﬁ YHR-AFER9H
S LERETE TR S e o C S N W
TR R~ R e
(2) 284

PaEE R ME R FR R BERE
(3) firte

Feitk & ¢ 45339 £ (total protein, TP) ~ v J-v Fi(microalbumine) ~ ik
f*(creatinine, CRE) ~ ¥ 3¢ # ) & (albumin excretion rates, AER) ~ 4 &+ (Na')
g+ (KN~ & 33 (C) ~ Pk #&(urine glucose) ~ 5k =+ (urine protein) ¥ & & -
(4) s te &

vkt AT P ¢ 459 w IF(white blood cell, WBC) ~ = x I (red blood cell,

RBC) ~ & ¢ % (hemoglobin, HB) ~ = -] 4% (platelet) ~ "?:_,‘ ¢ |4 7 (neutrophil) ~ "‘E i
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7 (eosinophil, eosin) ~ V%’ % 14 I (basophil, baso) ~ # ¥ Ik (lymphocyte) ~ H % &
(monocyte) ~ &, *% %] f% (total cholesterol, TCHO) ~ % % & *% ¥ f% (high-density
lipoproteins, HDL) ~ ™ % & "% %] A% (low-density lipoproteins, LDL) ~ = f& 4 ¥ %4
(triglyceride, TG) ~ 4h 323 (Na') ~ 4733 (K') ~ % 33 (CI) ~ % 3¢ £ (total protein,
TP) ~ v ¥-v (albumin) ~ Ik #~¢ (globulin) ~ fk & (uric acid, UA) ~ ’k % ¥ (blood urea
nitrogen, BUN) - #*f& fF(creatinine) - glutamic-oxalacetic-transaminase (GOT) ~
glutamic-pyruvic-transaminase (GPT) ~ x #&(glucose) ~ % § 2 (insulin) & -

(5) FFF AT iR A

FFEIRAZF AT % chiR B 5 Sonosite Titan (Sonosite, Bothell, WA) » | & 58

B & 45 ¢ %30 55 7% (common carotid artery, CCA)enT 355 B B2 &+ B B ~ ) 755 7%
(internal carotid artery, ICA) eF 35k R &2 ﬁx'i BJR -~ FRHR IR R IR E: 7% (bulb) e

Tk R B E B R - FBORA A B dic(plaquet score) ~ FEE R B N Y LK B

—

& (intima-mediate thickness, IMT) % ¢ | === I
[l M
(6) Colin 5. # s i+ £ ip| ;_il"'“
RRIFEMREZ 0 MR ’%‘“(supme)—-’L e BRI AR EE

ﬂ°ﬁ§iﬁﬁﬁ%%&ZL%Coﬁﬁﬁﬁiﬁﬁmﬁﬁ@°EM§ﬁ%£ﬁ
FE 23 FHEE R ERE T HFRE R BEFE R G- RE R T ERT
PR mT > N33 By o RIERET G5 A4 e R T ki
R EPFR /?J 3 BffrE PP R EE KRB e ‘JE'J—%‘ g o R R Y 2 e
RRIFFHIHELMIAGPET BHE o FHESAAL 2R LR L]

AR R e SRS R R AN AL o B L F R E AT
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.2 I bl | ¥ BB 77 7 (nested case-control study)

AR AV ROE B e 2 R 2 BMI s SR FEE C BUN ~ ICpLfF s 6 Fd ¥
Tya@ms LR o F R EE &R TR A 2w %38 > 4oBMI>27 kg/m? -
Z %o B >100 mg/dL ~ 2P AR >200 mg/dL % > 0+ 2 g et Rk B An B/
gL B o S ips % Spearman correlation coefficients 7 > H 4k & i@ F {4 %38 2 &
AR B PE LTI RA AT TR > N R RE AR
(multivariate logistic regression):* & £ %38 27 § & /R e1% & +* (odds ratio, OR) % 95%
¥ 13 "q(confidence interval, CI) - F] 5 BMI 5 223 % —F“ L E B n ReE & F)F o T
*AF 4 UBMIG A & FlF fak & A4 F3BMIE & & & R F R - BUN ~ oz
Frs o Fed Bendeon s B R L RO o e Mg L B S ostage 1 (i
B = 140-149 mmHg & 475&& = 90—99)#'rstage 2(%’4:.%%@2160 mmHg &' 475k B

>100 mmHg) % = /& » 2 $E 3 4 -&BMI*’L’E&ﬁfgL@m#B B o

ﬂzk%ﬁﬁﬁ&%ﬁ‘ rqgﬁgﬁﬂa 33 kB F AR

3 o

2. MAMEHRE R F U EF L RLFY

AP AT AT BB N2 FR AR Tk B R R
g4 adid T 543 "’”"/f%w » A A B E s 5 <2500 R~

2500-2999 5. ~ 3000-3499 5. ~ 3500-3999 % >4000 5. - f|* ANOVA ‘* #&7 B
AR E AT 8 BMI S s R 4R R O R AR FM T 02 L B o
IS TR RN R AR 2R ER N2 F R AN
WMEFDLE - LU ESZE PR K AT VRELBEFF AT b aE &k
2wz LB o LA § g RE e ﬁrz W 4 i Model A B+ # I cH4p B 5]
FoFENAMELFLRDE LR 95%T B o B L IR K A 4T o

A u) Eﬂwﬂ;&—ﬁﬁjbﬂwﬂ;&—ﬁm{i#ﬁﬁk_% o B2 B o
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3IgAR 23 2 F U EF 8 B2

Ak AR T A FlgAL R RIgATA T o L AT I L R
[gAHT S B W ¥ & & chR 1 o KRR ARIGAAS 2 54384 hv jris > A fpoiIgA
pLb A e A AT e S ] ANOVAY g B IgASE U e & ~ BMI~ fc iz
RS ERRR S T R RPEREM T IOEZ LR o S e R R (1]
A B B T R W 2 R ERRE) IgARE R R L R o PR - SRR
A2 Pl KRR ERILE TL(ERE P T ABMI>95F A )~ B o BR(E
%iﬁw%iﬁﬁﬁﬁﬁ%%@29ﬁMMW‘$%%W&%%%zzmn@a)
2R F (2R H > 100mg/dL) o £ A1F § R RF Arie iF o bk Mt
s FT e AR RIgAE F A R 2SR 2 RIERARDE G 2

95%7% 17 ¥ o A R VLR SR @] AR A,\"-vvq %‘—L;Ej: B a;l;dﬁz 23 2t g s-l;iﬁ _'rf’JIgAL;'fi’ el

RN 2 e e —~
| I

Na=2Q) |

E '.,.,-f’_'__"li‘ | ]

. !i&_d

(=) *E B o BREHF T | : 1

WY USRS Sty S T RN I I
§ TR & BRI IR e > #1992-20004 B P} B A R BTG B
BROFARIFBE  BFLBROFI UL AR B BFOHRELY 8]
(prospective cohort study) ° i&IE i BiET 7 -4 2 S JRL0 LR
(1) AE RS 2 el 550

BIRA PRRERBESNZEE T ER L BRZEHO FEF L 8 BROY
Lo NP RIEITE L § B BReNE 4 > P BRE DR > 1Y paired t-test > 34 A
FTAA S B~ BMI s BUEFEM ~ 6 Fou o~ VUERFFE G F R 0 AN E P A en
w BRE - BMI s BAEFRG 6 Fod ~SYEREFR & P A F AT OB F et o
Spearman correlation coefficient 4 47 #£48 BMI ~ & B 2 4 it @& p % 7 BMI ~ =

A M e A AT F L R A P e LB R S
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EHB LR B THRE SRR S

b AP B wiREAE T S N R f o RA S ombe o &
B BOA SHRE S EFHWHRMAY > FHES OBMI s L B2 40 F]S S
EEP WG R APM SRR & S R R NROT 0 R b
BHBEA BR LR SATLE A SRR R E L RS R

Gt 2 5% HE B Y o

(2) ikt aias 2 § 5 &3 0 BRY g

ARt e R (ttest) R A BB 2R B e B el FH PR (Aol R
BMI 2 % °8 B £ )inT 3582 £ B - A2 7 » f1* + 2 # 2 (Chi-square test) k 4
FREFTHZE a3l RELFHFY rme;ﬂ Vv" IE (categorical variable) » '* 2 B
pEA R B FLRE Ot A R @ﬁf}im/? (7 Y= E=N7 N g A~
Jedg/& > 140 mmHg 5 % & B § ""r&ﬁf_%ﬁ-:'-;go mmHg 3 & & & ~ BMI > 27 kg/m’
LMk R (9 >90cm ) —7* H >800m)* ”E%;'FLJ@ (9 >09 *+
>0.8)% » U R RIS B ”"%ﬁ-ﬁi&-}»&\#‘r AN LRl i Al ) A
£FF2 AHERALIFGHEFQE < 005)MFF > 27 ) R RFAwiF
(multivariate regression)4 47 » 3+ 8 2275 & 3 & B2 {5k & & ik Bhg iz F] S 2
& * vt (odds ratio, OR) %2 95% 73 #f % ¥ (confidence interval, CI)e 73 t& T 2 & 14
pE <0.05 % ¥ TRE -

Fobo B BUBARY > AT 7N G B L B enF A ke ek 4
Kidte & > io- 04 A PHM-§ U Y ) FR R 3L BRDFOE LR E A

DL S G5 SR S SRR o A TR S RS
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Yri 3

&y
R
,\:n

(=) ASFHF AT
1 £ I 4R AT ¢

BRIMAFT F 3T 62,308 £(62.7%)% B 4 e 37,042 £(373%)F £ 4 .
Table 2-1 B » § 3% 4324 B chT 3o E #£(12342.7 % 11.842.7 & »p <
0.0001)~BMI(19.2+3.7 %} 18.8+3.5 kg/m” > p < 0.0001) ~ e (19.243.7 ¥ 18.8+3.5
kg/m® > p < 0.0001) ~ 7% " s #%(89.1£28.7 ¥ 87.5+27.0 mg/dL > p < 0.0001) ~ x ¥
ek & (13.2413.2 4f 11.849.9 mg/dL » p < 0.0001) % 5~ fH(1.11+0.64 %t 1.00+0.39
mg/dL > p < 0.0001) = & x /& (20.6%%+ 15.9% > p < 0.0001)% 7 "L R ¥ (15.8%

$ 13.0% > p < 0.0001) & {7 % & §_3 325

&~
re
N1

il
|

-
&y
PN

“;_

_ T35 By TR EFER
T 351 (166.3+34.1 % 160.5+40.5 p<0.0001)E 5 "2 B A5 & 7 % (12.8%3% 10.3% >
p <0.0001) ()

Table 2-2 i & BMI #-8 + A s\'J}[ "T_

© AR iLC et i F o R (cases) ¥ 2
B & & ' (controls) s i 2 4 I E . il E“"”‘i( 1ﬁ@ SRR 2 SR A s
B k@gr E R mEp< 001) o bl e PP e R A R L R
L R LR o ARROT IR 32 WO e - BB R BRE TR AF S
(22.5%%F 6.0% » p < 0.0001) -

RATHY 199350 4 ¢ 5 1503 B F BRI 8 R v Ao B
A E RS O B RIZE VAR BIZE G RF OBRE TG 1%
vs. 1.0% > p<0.0001 > FALA7|7F). dpEGTEER > F 24 5 G 9 BMI~ B2 FEE
§ Fo5 A i GFR 8§ i R ' e (Table 2-3). s i) iciome s (2 % 1 5 4
B3 i3 (17.9% vs. 6.1%, p < 0.0001) - 5 %77 ke #rie [ ¢ 447+ B BMI &
BB E % F Bk cdp B (] 7% h OR = 3.45 » 95% C1=3.20-3.72) » # = 24"
B 5 KA R A TN B (p < 0.0001). F L 1 89 N i

B AR E(OR 3.21, 95% CI = 2.87-3.58) ~ &9 FiH4(OR = 3.64, 95% CI =
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3.26-4.06)% #E R 15 e 4 B (OR = 3.98, 95% CI = 2.66-5.94) » F & feensg it
(Table 2-4) » #& /I3 128 2 K F -

b BMI &k A459 o 5 R Rt A Rh LT AL IR L ERR
P F i RenE gt SEF BMI B 4o @ Hf 4o (Table 2-5) o 4p i3t # & o] 3% 5 > BMI
BELRAGAERRAIEE Y B o IR 6-9 R B E I ¥ [ 7% 16-18 e

LEas

A\

3§ hF R b A 4 B 455 (95% CI=3.51-5.90) - BMI £ § & & 5 " 2. B

GERERRE G ? R F PRI T o AR and o F LRG0T
¢ M F WL FF cnf 40~ GFR % M7 B 4e 0 R E chd oo BT AR e B0
BB o ARG E T ¥ ¥ A PEFHR <200 mg/dL s9% 0 AL 3% 0 M EER >
250 mg/dL } B & % = & /5 % (OR =6.15, 95% CI = 4.12-9.18) - GFR < 60
ml/min/1.73 m? % | 3% én g w5 Rt G GFR >60 ml/min/1.73 m* ® #4 & i ¥
25,14 15(95% Cl=343902) ©p~

| .;«"-
A
| 1

Table 3-1 1 58 § & 91 4 E PR it Bim B BE A5 80 2 A E 5

A B R o AR IRT A I E 2500-2999 s F 2 G B MR n B (5

(7.79%) » 414 4> 4000 5 chF 4 4 $F 0f B E 7 5(10.6% 0 p < 0.0001) »

Py
TL

|

AME ] IZY G RB PEFF0.12%) 0 I A HE 2500-2999 o hizE F oA K

FIBMI T 3aiE ~ Tag RE LA (T 8 i2¥IEE 4 LA EiEa LI sk

e R AG I E  A ME S B VAR oo 0 A B E 2500-2999 5 iz i
1w B A% 5 1.2 (Figure 3-1) » gt g rg it e 4
HE 3000-3499 .32 5 ch 11 4 B0 4 WE > 4000 2354 ch 140 SRD £8

Ewlis o B BRERW AENAME > 4000 5IZE EMRE 13 LS BMI

L‘.h

5o BARAGLE AT AVAM AT K
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BEELENTHY FABE G EN2MEDVAIM AP A X E L5
ERpAx o4 fEIZE (Figure 3-2) ° % o B 75 4 16-18 ¥ 327 j5_
I 4 8 E 2500-2999 so 12%Ae B M A B 17% 0 S EFSF AN AE >
4000 5 e 5 13.5%° 7 — % 6 e & gk (16-18 &)t 72 b i en BB 7 5

AR IARL MNP ESF AWML DT

I\

SR LEE FY T T YIEE

I

SR EAL PR E JARE A RIE S 2 2 R E T (2500-2999 ) eE 4
FRBC B S R A At 4 A E 3000-3499 7 4 5 1.09 (95% CI=1.01-1.17) »
A4 B E >4000 R 2 5 1.02 (95% CL=0.90-1.14) (Table 3-2)° 4p #2348 & 4 %
#13% 4 > %7 "(OR = 9.84, 95% CI = 8.93-10.8) ~ # ¥ ¢ (OR = 4.20, 95% CI =
3.79-4.64)% A€ & ¥ %3 (ORZ 1.89,95% €1 — [78-2.01)% #ieik e1 s /B f5 1 =
g o Bk AT AT A OV [ o o B

2R EE A e kg B8 D JZZrﬁ%

o gn

-Jli‘ 5L i!g 4. 9%(95% CI = 3%-16%) »

¥he L] 32 B & 4p B (Table 3- 3) |

3IgA B 28 2 F o ER R B 2 BER Y 2 LR

B4l 2830 FIgAdh®F At o 42 5 #862 PruldaaigA kA
T BHE I AL IgA TR EERH en § 2 e A 92,514
PR SRR 2 ¢ IgA kR Y BB M L A e 94 mg/dL H 4
BB k& L A =8k 190 mg/dL (Table 4-1) o & #(p < 0.0001) ~ BMI(p < 0.0001)
& B (p <0.0001)~ % *L i #&(p < 0.0001)~ % & 7& F Az (p < 0.0001):HL 329 & 4§ % IgA
e B oL I Bl [gA A K P G P R R (B A k1 66.7%
BB LA 160.5% p<0.0001)° 5 "o R ¥ BT FALIgA B+ Ak o
%3 4e 3 5B - A =& 19%((p < 0.0001) ° B w BEFF2 Hd 7.5% H 45

10.8% (p <0.0001) - B "2 F A (7 F IgA A K ¢« FHF LR o 5 %30 B E 27
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@A ATEIT 0 AP B TgA A i dkeE £ 0§ B TgA L A e £
7 B B n B(OR =120 95% CI=1.08-1.34) ~ 3 "2z (OR = 1.22, 95% CI =
1.11-1.34)% 7 "o $E 8 % 5 *%&+ (OR=1.77 > 95% CI = 1.62-1.93) (Figure 4-3) ° 3
Bg A e ki g B oy g R Y BG4 3 2.93 (95% CI = 1.93-4.44)
(Table 4-2) -

Table 4-3 77 > o ¢ IgA )k & & 3 4 100 mg/dL> % o B & & vt 3 4 5% (95%
Cl = 2%-8%)> B" 2R 2 7 A R F 2 A& 4 %W & 34 9%(95% CI =
6%-11%)% 23%(95% CI = 20%-26%) ° # # &_F x Fphg 2 (OR=1.61 > 95% Cl =
1.39-1.87)& £ 5 g d-9 1§ 2 (OR=1.44 > 95% CI=1.28-1.63) > 5 7 IgA k& P

2R AREH e R K 2 s (Table 4-4) -

' i Il.-" by

il ]|
i 1
1}

!
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(=) &% & REHE]

CHEHAT L E B 0 hATE S 988 id 4 fun e g
ARLEHPRE B AT LR RERE RN EEBE > FR AT
PP ch BMI(20.844.9 % 18.243.1 kg/m’ » p < 0.0001) ~ fe &5/ (127.1£15.2 %
102.9£11.3 mmHg » p < 0.0001) ~ £736 & (85.3.1£10.7 % 64.4+8.6 mmHg * p <

0.0001)~ % % 5 #5(87.8429.3 #F 83.7+12.1 mg/dL>p = 0.015)% %7 Ff(166.2+42.6

\

4 160.2+31.2 mg/dL » p = 0.022)- 58 % # % (Table 5-1) o 7% 5 F¥F #p 9 32(19.7%
#3.5% p<0.0001)~ % 5 #(12.7%% 8.7% > p=0.05)% % "&£ Ff%(13.8%% 9.2% >
p=0025F"F+ kgt gesg o

ERei kS e E (209434 219433 & > p <0.0001) > fe k& mot 2t
% B 23 B h BMI(23.3+5.0 %1 21.043.2 kg'/m2 : p<0.0001) ~ *EF(75.4+13.9 ¥
69.249.1 cm > p < 0.0001) ~ 4z ﬁ@(m Oi16 7 #105:6£12.2 mmHg > p <0.0001) »
£73E B (71.9£13.0 %+ 65.849.7 mmHg xp‘"< 10.0001) i #5(95.1£108.5 %+
78.0+40.4 mg/dL > p < 0.005)% 3:;_’?;.4?;-)(%(89.6i,2_9.5 + 83.8+9.8 mg/dL > p = 0.0004)
I 358 (Table 5-2) - HDL L 35 @12 % & ,g_g_g;i,% % 0 11(48.4£10.4 ¥F 51.8+10.0
mg/dL > p < 0.0001) ° 2-f & ok B2 5§ hiFEnY B (11.0%% 6.5% @ p =
0.022) > A YR s bR aRFLE PR AERZE > AR 2T RE U
FRAT IL(20.2%%F 5.1% > p < 0.0001) ~ 5 /& iE B (19.6%% 5.6% » p < 0.0001) ~ i i<
1 HDL(42.1%%+ 26.8% > p <0.0001) ~ & = A4 74 #5(10.1%%+ 5.2% » p = 0.003) %
& ¥EiE B (6.9%% 2.0% > p<0.0001)f 7 F o

Bk B o A P DR R GER(r=0.177 > p < 0.0001) ~ e
BE(r=0.204 > p<0.001) ~ £-36 & (r=0.141 > p < 0.05)F F* B 4p B (Table 5-4) - 2%
B o i Y engriR R P S SER(r=0.113 > p<0.05) ~ feiER(r=0.151> p<
0.0001) ~ 4756 & (r=0.128 ' p < 0.05)~ 7 P A ApM - 2R B 2P > 21 P

R D o BRI =0.150 0 p<0.05) {HRE(r=0.219 p<0.0001)F ¥
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AR %R PR csRSE R 2 P A cnARSE RS G AR BE(r=0.221 > p<0.0001) ¢

F 55 chH I A ATRET 0 APEIT S ek o P ow o AR A G R
i e P R SRR L R R8T e 4§ (123.8£19.2 ¥ 109.9£16.4 mmHg > p <
0.0001) ~ P % s /&8 % (123.7£17.8 ¥ 109.9+16.6 mmHg > p < 0.0001) ~ # = 4
W P53 (119.1£18.3 % 110.8+17.0 mmHg > p < 0.0001) ~ x 48 % (121.8+23.2 %
111.0£16.9 mmHg > p = 0.008) % * # ix 3 (127.8420.2 % 110.7£16.8 mmHg > p <
0.0001)¢34 > 3% % P erfk S SR IR o @ 4PRRS F AR PR o BB
P ARRATILT B AN o F R LB H 2 BT 8RR R

(59.3+10.7 %+ 64.6+8.6 mmHg » p = 0.03) (Table 5-6) » % f & 2¥ > fp# T 44 &

»

GhA s PoEh g RERAT 1(132.4£16.5 %t 125,7+14.6 mmHg > p = 0.001) ~ i R iE 3
(130.7£16.3 % 126.2+14.8 mmHg > p = (').'028) B = OEEH W (13254115 %
126.4+15.5 mmHg p = 0.006) 5 #% /8, rs (134 8:1:16 1% 126.5+15.0 mmHgp = 0.009)

2 bR i 3(135.0£15.8 # 126, 3i15 Oa-ﬂ‘i’rng p=0.003)0% > 3% F PEH g
BRFE 5 AR K > m ;(%grg I;ilv& i A%L ¥ '*Ff % (90.1£12.9 %+ 84.9+10.5
mmHg > p=0.023) - "

Table 5-7 & R 4 FlF 48 5 h 4 HyrigR A EFR RS AR R o TR

kg oo % BAGZF NHE F F]5 67 108.9 (£16.0) mmHg 3 e B = B S HHE F 7
F £ 127.7 (£20.2) mmHg (p < 0.0001) « £-5E /&= F 4p 02 Pl » 4£.69.6 (£12.4)
mmHg 3 4¢ 3] 80.9 (+19.2) mmHg (p <0.0001) - Table 5-8 & Table 5-9 ** $a L 4 %
Blafrthk g lochn BRirASbp iz 73 2 408 « B ehTiog Bib2bhk & v b
FHE o A H A G = SRR F S TR 0 32.3 mmHg 475K B4 i 28.6

mmHg « B2k fie? o 53 B P ER AR HE ¥R B FFLE(p=
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Bide @ B e > @ AR3ERH 4e A8 B L P AF(Table 5-9) -

Table 5-10 1% w @ 7 Fo chfe & 21 FHA K L 7324 8 £ BE SR ¥ o
M %o el E852 Ul (Model 1) » dp#3ti2 4 28 & Bend > 4 93 B
B A B4 B SRR R(OR = 4.92 » 95% CI = 3.15-7.67) ~ 5 B i (OR =
4.26 > 95% CI1=2.72-6.68) ~ i< HDL(OR =2.04 > 95% CI=1.53-2.71) ~ = paH
%5 (OR = 2.07 » 95% CI = 1.25-3.42) ~ 5 #%16 & (OR = 3.89 » 95% CI = 1.98-8.01)%
%2805 13 2 (OR = 6.91 » 95% CI=3.21-14.8) - & Model 2 * (R £ ~ H5] ~ %

TARR A RFE REFLBRBL) DL RLBOLT BAHEY TS 2K

W iE o -Model 3 ¥ (& £d ~ W~ KT AR P~ hIF] RIEB
= R 2 BMI)"‘? et b g et HARCHINGHR ¥R 08§ B HF

M % - Model 4 % 5 4ei 7 %54 % ~ ALt 2 hsCRPy &% 87 25 % £ B § 3
% % i vt 3109 (OR =233 Y950 C1 = 11 4HT8) S 183 (OR =4.19 + 95%
CI=12.42-728) ~ # HDL(OR = .73 } 9%@1— 1.25-2.40) ~ 5 #:i6 & (OR = 4.70 -
95% Cl = 1.62-13.6)% & i u;_f.;(olRl S 4.20 1 95% Cle 123-14.3)2 £ o -
SRR o B R T s B e RS B 4 S mmbg >
3 {5 e e 10% 09885 2(95% CL= 0%-21%)20% e JB46  (95% CI =
11%-30%) ~ 23%:7s 4518 B (95% CI = 8%-41%) % 24%:1% # 1% 2 (OR = 1.24 -
05% CI = 6%-44%)2_ /5 % +* (Table 5-11) » 1 24 ¥ 3 4736 B % % (Table 5-12)
4 5 mmHg KRB > S E {5 IR LB gl & 3 4 17%(95% CI =
204-34%) + s BB B H 4r 23%(95% Cl = 12%-35%) » s #36 & & H 4 18%(95% Cl

= 1%-37%) °
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(<) AT
L £ dps I8 §

R AGR R 2 d e b 2 BEFFFE N17T% -
%w%%Pzﬂ’n%a@z BF B AR S b 0 R
ER R SRR o 57 B ] § 08w L4t 21.8 mmHg © i3 3F S AT 4
BAWEE - wod e d o Ed rBMI 2o B GREF M %[48, 54, 80-82] - &

m—Iﬁzﬂz‘rjfu%;;}w 6-16 fh cFi | 3% @ o BT R S R BRI E B )

iZ3
GHWART TAR G M2 R @wwiw5md&rmmu%ﬂw+@
FRERSE G AHE D #/J‘i‘ffﬁ: 5 [83 ] 1R 47 10- 19 fe ] 3% 9 5 pdist

%
WE D F ] 3% ] 75 E R A ';égw 7 326[3] AT AL LR E D
¥l iz %&@f%wé3% wﬁﬁﬁglﬁfﬁ TR LT F R G R
Py &a,ﬁpw‘@mBMbh% @;% STEENRE 0 @ iEs 3% % BMI
BB L B PR )&E.ﬁﬁﬂmagﬁﬂﬁ M- 2T TR
v 1.05 mmHg > 473 B ¥ 3 ° 0.92 mmHg[84] o = & PFHp cri7 L & Wi 4o v F B
ﬁﬁmfé % oo om b E PP ﬁﬂw@;l;gﬁg%cg\; A Aw Bk 5 [82] o F]pt 0 523 PEHP e
LRI RE A B AR o

BEFREL K- B g L R AR FF[54,85] hm i S-18 e F P 0 5
B BOE A RER BRE L 5 R DREFE4.3£0.8 vs. 3.940.6 mmol/L, p
<0.01) [54] - wAF g ? - MEFARRF DZLAFLRE RS VRE o 2 HOG
BEE R T I R BMI B A RAR 2 PO BN 30 > (e E T B
RReFApRE o EHEP R OB BRI T R iFd ¥ AR EE o B F AT
& FRit BT I VG Bo B o
AP FRE Y REF VRS GFRE B 2 B M SRS S 284 o

26



i SeoKlag #ARE SR AAFERA Y S KR HLRT M [86]
i PO EEL TR - M E gt s BB L RS L FARFT M O[87-89]
ER-FEHPFLFR > o P ERFFERB A B o B E 2 20 mmHg

[90]° mi@]m‘)? -,}\L;]B\ %‘l}i‘@v’%ﬁé ]*ﬁiﬁ_‘, %L@'ﬁﬁﬁsgmﬁﬁﬁ;‘}%xﬁ

IS

£ B9 2[88] -

Y

i

R L EE AT RN T E R S Y S Y
3R ATARRON] o 4N e AT S B A A ¢ ¥ b kAN 4T 4-5g/d P T

ttmﬂ(ﬁ”ﬁfﬁ ¢ + = 5-11 mmHg > * b‘_mkﬂﬁ@ g + = 6-17 mmHg[92] - 2 iF 3 B

B ¥ o0 Fed B RAFT GRS WAL o D PR A O F B 0 E RR

j\pfﬁgiljﬁaiic‘é}éil&?%i@’ﬁ?&;‘i’§ Ripthefp B ILF a0 3 do= &

AFE T R R B }vﬁz%ﬁwﬁ*’ﬂ“ﬁﬁg
ALYy T aﬂﬁﬁﬂﬁmé4w§ﬁ£za@ LB e R AL it
BB AFY &mp“m¢$Loipxwﬁ”malﬁf%ﬂ”ﬁ$ﬁ
Fite b P AEIZE > LR D] Bl T 0 KLV R KE T &S
AR o PN 0 B RERE e Y9 Fod OV REFS AR F G M 2R
FIRAPLA B FF LG RREHRER G R A BB GG
% [89-92] *#F % ¥ #7 — i pF R 2Eeh(One-occasional) s B £ B > F]yt i 5 A
FEERiPEF B BOZI A2 A Z i3 32 B A0 LG R R REF
me o Mgy AAFYOY - BTG Ra o FAPTUFFZ BT
(Three-occasional) e /R & 3E » 4p 15 N P RIZ Y M ELRT| { % 2] gde g 5 R
2 M %[3] -

BRHEHRRGRBEOCEE F RS AFTFRBMI 2 F 5 RS AF
(kR B e AARTT Y 0 WOLE AR L RS M E R TS o =

B ? R F BB VRETE 6 Rd c DR B L RAERMT F AR
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NP ERBAH L IR TR B R o R ?533733}:5@— # g ad %%

B R RS ESNRERBER

H

-anl

B AR AR E T LR K ek F AR R FIF[93,94] ¢ A
Flh w R A[62]Ni F R A iRl £ 77 8 [60, 62, 95-98], % & il ] (438 X
AT RS 3450°5) [60], & 7 B EHIE L iR §

[97] > i3 = 3 Flpt LB T2 #gé Bhn B o A AT KA ME

:.-'-":- 11
’Jﬁ]?’zﬁ_[%] THE § B[100]F7 5 % %
M

A

L. SIA ﬁ@ﬂ:i&g_g%g .‘fﬁ*—‘.ﬂ?z A [,
Fr g k- g o

2L FRFNAMEEF L REG T MOl AFTREETAR
A A M E T (2500-2999 s )E F 0 % DA R E(>4000 5 )F F B4 T 19%:08
IS SN RN EIER S L FY S8 LTI RNy (L L S O X

FRRONAMERE > PUATZINF P EFYMES VA RE > Fpw

h A MES IS B RV AR IETSNE S o AT o AR
TR 5 BReadp bl 3 A 3 de BMI 03 7 o
CEPE L RS AT RGO SRR o R M R

MGE A SR EIE @R e o R Bk UL R[60] - s B B R R

Bo A AR 7 LE R LN A E[101] « $ 0 E pE s Ba S 0

B P TS RS 2P Bl 5 iTH F B2 { 4 [102] - SHARP (Scottish Heart



and Arterial Disease Risk Prevention)#” 7 % 5 1% feBMI¢ & 4 #8 & 45 B 02 58
LA~ LEL[03] - APenFils Br2a 2 § P EF o BRENA WML DR RA
% BMIchsg o B0 $H628 9 ikchfi x ot 240 3w RATE o ¥ b 08 P R
B S DR PR AL R O E42] o A T fB DR MRS 2 TR
Bep BRI A R E BB B2 M R[104] o

B B3 RIFLFRIAMEE S B2 B R AN R A

EHE O AR T AL BFAREFL AL o d N RicE LT LM
AR E e Rl 0 EF A2 LT G ENA A o BT AT

21534 B2 BF M R[100, 104-106] - Hardy % % 325 5523 P 5| ¥ &

kS

#
PEAAINREELL > N ME B IUERIL G B F M o R E ipdl b
B 4T R B W R 108] A4 f I S E S A A e

BARH B2 2X 7 be BMI @B Ra) 7 i Bl B 0 L 2RI 0 i 16-18

r .r-l--..|
- |

pok 2 ehE VA M RIF KA P e |

-

e
b=
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Robz o AFIRLIGETI Dl FAKLE TEALEN 22

FAl e A MEHOE 5 RO A A RNT] S T R ST ER

AT T H S L itk g 5 BEB3,81]0 K2 AL H Y R ARREHRE

i 23 8- REEMTL 2§ & FRAFT BRHGT - RiEEE
HIAFLET > EMREROEF- BT EFPE - Ko

THEREAR N AMEHHLMEILF DI 2 F P EL LR
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BELEFLR FOESEGREL LR
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FOeHRRGRBEIEE F 087 AP FRIgA KRB S & 5 Wk
B e aM B Mo B B RRGREE T T E R
BRAFREBEEA (S]] BB PR EIA T F I IgA O L F o A

Fis 3R> 5 IgA2F L REFERARY F M -

B FELERFERBAM R L ¢ FIgARR § 1 gk
L X (68,69, 107]0 AT FIR2E & F 0 E B kA IgAE 7 L R F
ﬁw’a#ﬁﬁ%%’giﬁépfl%ﬁ%@ﬁo%%ﬁ@&ﬁww%ﬁﬁﬁ
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HEFF M AL L E BB A[I08] P 2E 2 F O ENTHELBENE F
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Ny aed o o

NE R S G ok e m[51058, 109:111]

W4 A F R RRE M{)EE 'JF* T 2R R FIRR L R M[112,

,—l-

113] - = 3 445 4 s gy 31 Igﬁ%&bt’ SERRE G P AR AR M [67]

BT AR #Eﬁhzm«m_'#“\%}.} |'_\L E‘-”x}’(%‘f& i fg g i HDL)e= 4

@@ﬁ@ﬂ@p@gﬁﬁﬂgﬁéiﬁﬁw&mgA*&ﬁﬂm’%ﬂ’ﬂw
AEF T RIHEITEE F 0 & [gA B EGEAR OARE T o A KLY e
EAR MR L F Bn BE[114] > Bzl P 4] 2 PFE o Engstrom ¥ A 2R3
KF e BEFARL RO GRAET A LB EEML R ERBE L R
s H AR M R[112, 113, 115] -

B kR URR L e 2 BB M[11S]e @ R AL
AP UL PR UF B R B BL16] o B L F e FIRR S A R L B
WEP[117,118] - ¥ 2 MABHHF L F By ¥ hv 443 n Bend & ¢ BmRF|[119]. ~

Fram > BERMIGAB I 2 F 5 EF 0BG B - 8R40yt > F I35

A

BFOUF d o BOpEPIFEL £ 0 fe ik L P anEdE[120]
2 ¥ 2

AR BLET] IgA & R BE R A 4 A BT fe IgA Hi 4 N BFR ¥
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Table 1-2. Prevalence of hypertension among children and adolescents among
countries

Country Year  Population Age Prevalence, % Reference
Total Boys Girls

Belgium 1,526 12-17 114 [142]
Belgium 1999 200 16-19 3.2 5.0 2.0 [31]
Brazil, Amazon 649 10-18 3.8 [143]
Brazil 479 6-12  22.0 [15]
Brazil, Alagoas 2000-2002 1,253 7-17 9.4 [144]
Canada, Quebec 1999 3,589 9-16 122 141 103 [145]
Denmark 1996-1997 16,680 1520 185 200 17.6 [141]
Hungry 1997-2000 6,345 15-18 4.2 7.5 1.1 [146]
Hungry, Debrecen 10,359 14-18 23 [147]
India 5,000 5-17 0.5 [14]
India 2004 3326 “11-17 & 5.8 [24]
Iran 2003-2004 él,l 11 6-18 7.7 [34]
Israel 6,282,  (13-17\* 0.8 [148]
Israel 1996-2002 - 560,588 =216-19 | -3.9 [45]
Italy, Milan 2003 ; 2,'451 6 ? .6-'1 W 42 [122]
Pakistan 1990-1994 . 5,641 5i14 2122 158 8.7 [133]
Portugal 7889 5-18.4 52 [134]
South Africa, Ellisras 2000 1,884 6-13 46 3.11 6.21 [135]
Switzerland 2005-2006 5,207 10-15 2.2 [41]
Taiwan, Taipei 1,366 12-16 17.1 17.5 16.6 [10]
Turkey 4,026 7-18 4.3 3.8 4.8 [136]
Turkey, Gemlik 1994 3,641 13-18 4.4 [137]
USA, Houston 2002 5,102 10-19 4.5 [3]
USA, New York 1970 3,573 14-19 7.8 [138]
USA, Minnesota 19,452 10-15 3.5 [139]
USA, Houston 2,460 12-16  16.8 [44]
USA, 3 cities 2003 1,717 12-14  13.8 [19]
USA, Delaware 2002 18,618 2-19 7.2 7.5 6.7 [140]
USA, Delaware 1996-2004 497 2-18 6.8 [48]
USA, Oklahoma 2001-2002 769 4-18 2.8 [37]
USA, Louisiana 1973-1994 9,167 5-17 5.9 [35]
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Table 1-3. Birth weight and risk of hypertension

Author, year Sample age Country/ Birth weight classification Reference Risk factors
size Population group
Kelishadi [34] 21111 6-18  Iran <2500, 2500-4000, >4000 2500-4000 <2500 (OR=2.5, CI=1.7-3.5)

Gunnarsdottir, 2002 4601  33-65 Iceland <3450, 3460-3750, 3760-4000, 3760-4000 <3450 (OR=1.4, CI=1.1-1.8) in women
[60] >4000
Tian, 2006 [61] 973 15-74 China <2500, 2500-2999;;3000-3499, 2500-2999 <2500 (OR=2.1, CI=1.1-3.8)

>3500 >3500 (OR=2.1, CI=1.4-3.2)
Tamakoshi [62] 3107  35-66 Japan <2500, 2500 2999, 3000-3499, 2500-2999 OR=1.26 for <2500, OR=1 for 2500-2999,
>3500 e : OR=0.89 for 3000-3499, OR=0.70 for >3500,
g :,..ﬁ p for trend=0.009
Bergvall, 2007 [63] 16265 42-74 Sweden <1999, 2000- 2499 2500 2999, 2500-2999 2000-2499 (OR=1.5, CI=1.1-1.9)
3000-2499; >3§OO (| per 500g decrease (OR=1.4, CI=1.3-1.6)
Johansson, 2005 329495 18-19 Sweden/ BW<2SD, BW+2SD, _I ' ABW=+2SD BW<2SD (OR=1.3, CI=1.1-1.6) in GA =
[64] men BW>2SD : 33-36weeks, OR=1.1 (CI=1.0-1.2) in GA =
37-41weeks, OR=1.3, (CI=1.1-1.6) in GA =
33-36weeks
Hemachandra, 2007 55908 7 USA - - per lkg decrease, OR=2.2 (CI=1.9-2.5) of
[65] High SBP, OR=1.8 (CI=1.6-2.1) of high DBP
Longo-Mbenza, 2648 - Congo <2500, >2500 >2500 <2500, OR=2 (CI=0.9-8.2) in high SBP,

1999 [99] OR=2.3 (CI=0.6-11) in high DBP
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131547 students with times positive urine screening

Excluded

\ 4

24561 with unreliable BP
3134 had unreliable identification

A4

94529 with no HTN

34674 with no address |

96 with unknown urine screening

9227 with HTN

3474 with no address

A 4

y

59855 with address

5753 with address

39352 in elsewhere |«

A 4

4198 in elsewhere

A 4

17448 in Taipei area
3055 in Taichung City

1251 in Taipei area
304 in Taichung City

Via Mail: 5183 in Taipei
1600 in Taichung
Not contracted: 12265 in Taipei

1455 in Taichung

Via mail and telephone call

393 moved

5732 no responses

17 unmatched examining time

A

A\ 4

202 changed phone number
109 moved

383 not contacted

154 unmatched examining time
263 no response
97 refused

641 received examination

347 received examination

Figure 1-1. Procedurefor selecting hypertensive cases and controlsin the
follow-up study
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131547 received health cheds-up in 1992-2000

F

3134 excluded for missing or unreliable identifi cation

L J

24581 emcluded for missing or unreliable Wlood pressure

84 emzcluded for unlcnowm results of urine test

L 2

¥

3458 excluded for unlmown age

¥

830 excluded for unlmoswn hei ght

v l

17548 hypertensives 81802 non-trypertensives

Frequency matched with age
and sex, selected randormly

¥
17548 non-hypettensive control s

Figure 2-1. Proceduresto select hypertensive casesand controls
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Table 2-1. Comparison between girls and boys in baseline characteristics of all school
children with positive urine screening

Girls Boys Total
Characteristics Mean + SD Mean + SD Mean + SD p-value
Number 62308 37042 99350
Age, years 11.8+2.7 12.3+£2.7 12.0 +2.7 <0.0001
Body mass index, kg/m’ 18.8 + 3.5 19.2+£3.7 19.0 + 3.6 <0.0001
Systolic BP, mmHg 106.1 + 13.5 111.1 +14.8 108.0 £ 14.2  <0.0001
Diastolic BP, mmHg 67.4 +10.4 69.0£10.9 68.0+ 10.6  <0.0001
Fasting glucose, mg/dL 87.5+27.0 89.1 +28.7 88.1 £27.6 <0.0001
Total cholesterol, mg/dL 166.3 + 34.1 160.5 +40.5 164.1 £36.7 <0.0001
Albumin, mg/dL 4.37 +4.30 436+ 3.92 437 +4.16 0.66
Blood urea nitrogen, mg/dL 11.8+99 13.2+13.2 124+ 11.3  <0.0001
Creatinine, mg/dL 1.00 +£0.39 1.11 £ 0.64 1.05+0.50 <0.0001
Hypertension, % A5.9 20.6 17.7 <0.0001
Impaired fasting glucose, % 13.0 15.8 14.0 <0.0001
Hypercholesterol, % RENV 10.3 11.9 <0.0001

58



130
120
o 110 |
E 100
% 90
S 80
o
"é 70
o6t
50
40
6 7 8 9 10 11 12 13 14 15 16 17 18
Age, years
| —O-SBP — DBP
Figure2—2.Theaverageof;btloo'pr @ ge 4 - :
Q7 33; ; ey 9
_.-_F!__r);:u#;%la “:-_:I-'“‘ N
by . %
o / |_

2F/ ' .r.l o

59



23
22
21
20
19
18

Mean of BMI, kg/m2

17
16
15

8

9

100 11 12 13 14
Age, years

—{1—CGirls —®— Boys

15

16

17

18

|

60




Table 2-2. Comparisons between cases and controlsin means of blood pressure,
cholesterol, serum albumin, blood urea nitrogen and serum creatinine by body
mass index

Status of body mass index

Normal weight Overweight Obesity p for trend
BMI < 85 85 <BMI <95 BMI > 95
percentile percentile percentile
N=26722 N=4050 N=4181
SBP, mmHg Mean + SD Mean + SD Mean + SD
Cases 1234 £11.5 1256+ 11.4 130.2 £13.5  <0.0001
Controls 1043 +£11.3 106.6 +11.3 108.4+11.0 <0.0001
Difference 19.16 18.92 21.80 <0.00017
p <0.0001 <0.0001 <0.0001
DBP, mmHg
Cases 79.3+£9.3 79.1£9.0 81.7+ 104  <0.0001
Controls 65.2 + 8.7 66.3 + 8.6 67.5+8.4 <0.0001
Difference 14.08 12.86 14.15 0.5349"
p <0.0001 <0.0001 <0.0001
TCOL, mg/dL =
Cases 164.7 + 39.1 168.4 £46:2 178.1 £46.0  <0.0001
Controls 160.5 +34.6 ~163.0,+33.8 168.9 +37.8  <0.0001
Difference 4.21 M= 804 9.13 0.0001
p <0.0001 “0:0052 <0.0001
Albumin, mg/dL - | ' |
Cases 4.40 + 4075 1| 4.37 +1.21° 435+ 0.42 0.4705
Controls 4.33 + 0.67 433% 0339 474 +£13.2 0.0009
Difference 0.07 0.04 -0.39 0.0019"
p <0.0001 0.0877 0.0436
BUN, mg/dL
Cases 12.36 + 5.67 12.29 + 5.68 12.57 £ 3.59 0.1093
Controls 1238 £ 11.6 12.28 + 4.86 12.62 £ 4.15 0.4705
Difference -0.02 0.01 -0.06 0.9093"
p 0.2377 0.3088 0.5410
Creatinine, mg/dL
Cases 1.06 + 0.34 1.11 £2.25 1.08 £0.24 0.1168
Controls 1.05 £0.24 1.04 £0.23 1.06 £ 0.35 0.1930
Difference 0.01 0.06 0.02 0.4192
p 0.0553 0.3351 0.0016
GFR
Cases 90.2 £ 23.5 90.7 £ 20.0 90.3 +20.4 0.5600
Controls 90.6 +20.4 90.0 +£21.0 90.0 £21.1 0.7709
Difference -0.39 0.68 0.32 0.9204"
p 0.0578 0.2123 0.6118
HTN stage 1, % 38.7 49.6 52.2 <0.0001
HTN stage 2, % 6.0 9.5 22.5 <0.0001

BP, systolic blood pressure; DBP, diastolic blood pressure; TCOL, total cholesterol;
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BUN, blood urea nitrogen;, GFR, glomerular filtration rate; HTN, hypertension;
*Wilcoxon rank sum test between cases and controls; "Test for interaction between
difference and BMI status
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Table 2-3. Comparisons between cases and controls by sex, age, body mass index
and selected physiological examinations with univariate and multivariate logistic

regression analyses

Controls Cases Univariate Multivariate
N=17548 N=17548 OR (95% CI) OR (95% CI)

Sex % %

Girls 56.5 56.5 Reference Reference

Boys 43.5 43.5 1.00 - 0.97 (0.93-1.02)
Age, years

6-9 15.4 154 Reference Reference

10-12 40.8 40.8 1.00 - 1.04 (0.97-1.11)

13-15 35.7 35.7 1.00 - 1.05 (0.98-1.13)

16-18 8.2 8.2 1.00 - 1.00 (0.91-1.10)
BMI status

Normal weight 84.5 68,4 Reference Reference

Overweight 9.5 13.7 1.79 (1.67-1.91) 1.77 (1.66-1.90)

Obesity 6.1 17'.’9_.‘-_ © \3.65(3.39-3.93)  3.45(3.20-3.72)

p for trend = | <0.0001 <0.0001
TCOL, mg/dL & |

<200 90.0 85:.7 | | Reference Reference

200-249 8.6 118 . 144 (1.34-1.54) 1.22 (1.14-1.32)

>250 1.4 2.5 1.96 (1.67-2.30) 1.58 (1.34-1.87)

p for trend <0.0001 <0.0001
Albumin, mg/dL

<4.5 63.5 59.7 Reference Reference

4.5-4.9 31.2 343 1.17 (1.12-1.23) 1.16 (1.10-1.21)

>5.0 5.4 6.1 1.20 (1.09-1.31) 1.18 (1.07-1.30)

p for trend <0.0001 <0.0001
BUN, mg/dL

<23 99.1 98.9 Reference Reference

>23 0.9 1.1 1.22 (0.99-1.50) 1.12 (0.90-1.39)
GFR, ml/min/1.73 m’

>60 83.4 81.5 Reference Reference

<60 16.6 18.5 1.15(1.09-1.21) 1.15(1.02-1.31)

BMI, body mass index; TCOL, total cholesterol; BUN, blood urea nitrogen; GFR,
glomerular filtration rate; Missing data: 143 in BMI, 287 in TCOL, 286 in albumin, 278
in BUN, and 282 in creatinine
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Table 2-4. Hypertension risk in relation with body massindex among children
with hematuria, proteinuria, and glucosuria

Hematuria Proteinuria Glucosuria
OR (95% CI) OR (95% CI) OR (95% CI)
Number 13434 20912 750
BMI status
Normal weight Reference Reference Reference
Overweight 1.75 (1.58-1.94) 1.76 (1.60-1.93) 2.41 (1.35-4.29)
Obesity 3.21(2.87-3.58) 3.64 (3.26-4.06) 3.98 (2.66-5.94)

BMI, body mass index.
Normal weight: body mass index <85 percentile; over weight: body mass index =

85-94 percentile; obesity: body mass index >95 percentile.
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Table 2-5. Oddsratios and 95% confidenceintervalsfor risk of hypertension
associated with body massindex by sex, age, total cholesterol, blood urea nitrogen,
and creatinine and albumin

Status of body mass index

Normal weight Overweight Obesity
aOR (95% CI) aOR (95% CI) aOR (95% CI)

Sex

Girls Reference 1.82 (1.66-1.98) 3.54 (3.20-3.92)

Boys 0.98 (0.93-1.03) 1.66 (1.49-1.84) 3.47 (3.11-3.87)
Age, years

6-9 Reference 1.64 (1.40-1.93) 3.06 (2.57-3.65)

10-12 1.02 (0.95-1.10) 1.75 (1.56-1.96) 3.28 (2.89-3.72)

13-15 1.01 (0.93-1.09) 1.78 (1.56-2.04) 3.99 (3.46-4.60)

16-18 0.88 (0.79-0.98) 2.31(1.78-3.01) 4.55(3.51-5.90)
TCOL, mg/dL \ =

<200 Reference 1.75.(1.63-1.88) 3.42 (3.15-3.71)

200-249 L21(1T1-1.32) - (2316 (1.78-2.63) 5.17 (4.29-6.21)

>250 1.54 (+.26-1.88) 57-14'4'.02 (2.56-6.32) 6.15(4.12-9.18)
Albumin, mg/dL ' ; T |

<5.0 Reference. | 1178'(1.66-1.90) 3.59 (3.33-3.88)
>5.0 1.151.04-1.28 1_.91:"(1.46-2.50) 3.26 (2.45-4.35)

BUN, mg/dL

<23 Reference 1.77 (1.65-1.89) 3.55(3.29-3.83)

>23 1.130.90-1.43 2.17 (1.05-4.48) 3.66 (1.74-7.73)
GFR, ml/min/1.73 m’

> 60 Reference 1.79 (1.67-1.92) 3.53(3.27-3.81)

<60

1.18 (1.03-1.36)

1.47 (1.03-2.11)

5.14 (3.43-7.72)

TCOL, total cholesterol; BUN, blood urea nitrogen; GFR, glomerular filtration rate.
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Table 3-1. General characteristics of school children by birth weight category

Birth weight, g

<2500 2500-2999 3000-3499 3500-3999 > 4000 p-value
Number 3904 16922 40829 22387 5626
Age, years 11.7+£2.8 11.6+£2.7 11.9+2.7 12.0+£2.7 12.1£2.6 <0.0001
Body mass index, kg/m’ 18.6 3.8 18.5+3.6 18.8 +3.57 19.2+3.7 20.0£4.0 <0.0001

Systolic blood pressure, mmHg  107.1 £ 14.7  106.6 + 14.0 . 107.5+ 14.1 108.3+14.2 109.7+14.5 <0.0001
Diastolic blood pressure, mmHg  67.5+ 11.0 67.1 £10.5 7 67.7+ 10:5 68.1 +10.6 68.9+10.7 <0.0001

Fasting glucose, mg/dL 89.7 £29.1 873+ 2160 87.3®212 87.9+23.5 91.9+34.4 <0.0001
Total cholesterol, mg/dL 165.6+37.4  164.04 35771637+ 342" 163.6+35.0  164.1+34.9 0.024
Girl, % 68.2 700 | [ 5646 56.2 50.9 <0.0001
Obesity, % 3.8 x o | IR 3.9 6.1 <0.0001
Hypertension, % 9.1 T8\ 83(@ ' 94 10.6 <0.0001
Fasting glucose >100 mg/dL, % 6.4 90 5 I % 5% 4.8 7.9 <0.0001
Total cholesterol >200 mg/dL, % 12.6 11.7 ke 11.7 12.0 0.60

Values are mean + SD otherwise are percents.

Continuous anthropometrics and blood profiles were analyzed by ANOVA; categorical anthropometric and blood profiles were
analyzed by Chi-square tests.

Obesity: body mass index > 27 kg/m”.
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Figure. 3-1. Prevalence of hypertension among school girls and boys by age and birth weight category
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Table 3-2. Risk of hypertension associated with birth weight in non-obese and
obese children measured using multivariate logistic regression models

Non-Obesity

Obesity

Overall

OR (95%CI)

OR (95%CI)

OR (95%CI)

Sex
Girls
Boys

Age, years
6-9
10-12
13-15
16-18

Birth weight, g
<2500
2500-2999
3000-3499
3500-3999
> 4000

BMI, kg/m’
Underweight
Normal weight
Overweight
Obesity

1.00 (reference)
1.40 (1.33-1.48)

1.00 (reference)
1.15 (1.06-1.25)
0.88 (0.81-0.95)
0.73 (0.65-0.81)

1.10 (0.96-1.27)
1.00 (reference)
1.10(1.02-1.19)

1.15 (1.06-1.25) [

1.19 (1.05-1.34)

1.00 (reference)
1.59 (1.35-1.88)

1.00 (reference)
0.87 (0.56-1.35)
0.66 (0.43-0.99)
0.60 (0.39-0.94)

1:10 (0.72-1.67)
1.00 (reference)
1.20:(0.95-1.52)

1.18 (0:92-1.51)

0,88 (0.64:121)
fi .

1.00 (reference)
1.44 (1.37-1.52)

1.00 (reference)
0.94 (0.87-1.02)
0.64 (0.59-0.70)
0.51 (0.45-0.56)

1.11 (0.96-1.27)
1.00 (reference)
1.09 (1.01-1.17)
1.09 (1.01-1.18)
1.02 (0.90-1.14)

1.00 (reference)
1.89 (1.78-2.01)
4.20 (3.79-4.64)
9.84 (8.93-10.8)

All models were adjusted for fasting glucose, total cholesterol, albumin, blood urea

nitrogen, and creatinine.
BMI: body mass index.
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Table 3-3. Risk of hypertension with per 1 kg increase of birth weight

Per 1 kg increase of birth weight

OR (95% CI)
Allf 1.07 (1.02-1.13)
Obese students* 0.96 (0.83-1.10)
Non-obese students* 1.09 (1.03-1.16)

"Adjusted for age, sex, body mass index, total cholesterol, fasting glucose,
albumin, blood urea nitrogen, and creatinine

*Adjusted all variables except body mass index

70



30

Frequency (%)
— (\) [\
wn (@) wn

—
()

O Girls
Boys

BRI R

<50 50-99 100- 150- 200- 250- 300- 350- 400- 450- 500- 550- =600
149 199 249 299 349 399 449 499 549 599

IgA, mg/dL

Figure 4-1. Percentage distributi ons;o"f secum|ligA concentrations by sex among
school children

71



250
240

—O—(Gurls
—{F Boys

230
220 1

210
200
190

Mean of IgA, mg/dL

180 |
170
160
150

6 7 8 9 10 11 12 13 14 15 16 17 18

Age, years
g - & ‘B
Figure 4-2. The age-specific mi Ie@s in-school children
= ! i
e, -.\{?-‘:_ 4 "u'T':-:' N\

‘*‘f’l . Tl

. Ao o3 N
- et l:fr. -

T — i
!'f_-,{-'.i-..l. k

72



Table 4-1. Distribution of anthropometrics and biomarkers by IgA decile among school children

IgA deciles 1 2 3 4 5 6 7 8 9 10
Meant SD Meant SD Meant SD Meant SD Meant SD Meant SD Meant SD  Meant SD  Meant SD  Meant SL
Number 9164 9218 9306 9157 9265 9012 9510 9326 9242 9314
Median IgA, mg/dL 94 124 144 162 181 200 222 249 284 348
Age, years 109428  113+2.8  11.6£2.7 11.8£27 120427 122427 124427  12.6+27 127427  13.2+2.¢
BMI, kg/m’ 183+33 185433 18735 187434 190436  19.1£3.6 192437  193+3.8 1956440  20.1% 4.
SBP, mmHg 105.1+ 14.0 106.4+14.0 107.0+ 144 1074+ 140 1082+ 13.7 108.4+ 140 108.8+ 14.1 108.9+ 14.0 109.5+ 144 110.8+ 14
DBP, mmHg 65.8£10.5 66.7+10.5 67.3:00.4 467.6= 1085 68.1% 104 682+10.5 68.510.5 68.7+10.6 69.1+10.6 70.0+ 10
FG, mg/dL 85.7+19.1 857188 86.5£ 200" 86:8:239 87.04233 87.9:+257 88.7+274 892+300 89.8:32.6 94446
TCOL, mg/dL 1643+38.9 163.3£355 164.04 354 16398356 1634357 163.1+348 163.1£355 162.9+350 162.6£356 165.7+39
Girls, % 66.7 64.4 o2, W[k || §ss 61.7 61.1 61.3 60.9 60.5
Obesity, % 1.9 23 2% 2\l 25 (| /238 3.6 3.7 43 5.2 7.6
HTN, % 7.5 8.0 2.2, & B ) 9.0 9.0 8.7 9.5 10.8
IFG, % 11.0 11.6 13.0 12.1 13.6 14.1 15.1 15.5 16.0 19.0
High TCOL, % 12.1 10.7 11.0 11.3 10.8 11.5 10.8 11.6 11.4 14.3

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FG, fasting glucose; TCOL, total cholesterol; HTN, hypertension; I[FG,
impaired fasting glucose.
"p<0.0001 in ANOVA and Chi-square tests.
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Table 4-2. Risk of impaired fasting glucose by obesity status

associated with IgA

Impaired fasting glucose

Non-obese Obese
Decile IgA OR (95% CI) OR (95% CI)
1 1.00 (reference) 1.00 (reference)
2 1.05 (0.96-1.16) 1.03 (0.61-1.73)
3 1.20 (1.09-1.31) 1.13 (0.69-1.86)
4 1.10 (1.00-1.21) 1.01 (0.61-1.68)
5 1.25(1.14-1.38) 1.25 (0.78-2.00)
6 1.29 (1.18-1.42) 1.29 (0.81-2.05)
7 1.41(1.29-1.54) 1.75 (1.11-2.75)
8 1.43 (1.31-1.57) 1.91 (1.23-2.98)
9 1.50 (1.36-1.64) 1:83 (1.19-2.83)
10 1.69 (1.54-1.85) 2.93 (1.93-4.44)
p for trend <0.0001 £0.0001
There was a strong interaction b"e.tween”fg}é_lqy@s and obesity
(p<0.0001) 5 o | |
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Table 4-3. Risks of hypertension, hypercholesterol, and impaired fasting
glucose with per 100 mg/dL increase of 1gA

Per 100 mg/dL increase of IgA

OR (95% CI) OR (95% CI)
Risk of hypertension 1.12 (1.09-1.15)" 1.05 (1.02-1.08)T
Risk of hypercholesterol 1.14 (1.11-1.17) " 1.09 (1.06-1.11)*

Risk of impaired fasting glucose 1.26 (1.24-1.29)" 1.23 (1.20-1.26)*

Yadjusted for age and sex

"Adjusted for age, sex, obesity, hypercholesterol, and impaired fasting glucose
*Adjusted for age, sex, obesity, hypertension, and impaired fasting glucose
"Adjusted for age, sex, obesity, hypertension, and hypercholesterol
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Table 4-4. Risk of impaired fasting glucose associated with
IgA among studentswith hematuria and proteinuria

Risk of impaired fasting glucose

Hematuria' Proteinuria’
Decile IgA OR (95% CI) OR (95% CI)
1 1.00 (reference) 1.00 (reference)
2 1.15(0.99-1.34) 1.00 (0.88-1.13)
3 1.36 (1.17-1.57) 1.09 (0.96-1.23)
4 1.18 (1.01-1.38) 1.02 (0.90-1.15)
5 1.34 (1.15-1.56) 1.16 (1.02-1.30)
6 1.36 (1.17-1.58) 1.18 (1.05-1.34)
7 1.42 (1.23-1.64) 1.32 (1.17-1.49)
8 1.47 (1.27-1.70) 1:30 (1.15-1.46)
9 1.61 (1.39-1:87) 1.29 (1.15-1.46)
10 1.61 (1.39-1.87) 1.44(1.28-1.63)
p for trend <0.0001 [ _1<0.0001

"adjusted for sex, age, obesity, hypertensi
I 1

Qﬁ’,"aﬁd hypercholesterol

fi
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Table 5-1. Comparison in baseline childhood measures between children with hypertension and with no hypertension at

baseline
Childhood baseline hypertension

Total No Yes
Baseline childhood measures Mean + SD Mean + SD Mean + SD p-value
Number 988 641 347
Age, years 122 +2.8 122 +2.8 12.1 £2.8 0.65
Body mass index, kg/m’ 19.16£°4.05 18.2 +3.1 20.8 +4.9 <0.0001
Systolic blood pressure, mmHg 11d.4 ¥ g0 9029+ 11.3 127.1 £ 15.2 <0.0001
Diastolic blood pressure, mmHg 718 £ LYTN 2 OE4R 8.6 85.3 £ 10.7 <0.0001
Fasting glucose, mg/dL 8520+ 20055 || $B7£121 87.8 + 29.3 0.015
Total cholesterol, mg/dL 162.3'% 35? 1 . 160.2 +31.2 166.2 + 42.6 0.022
Obesity, % 22l 0 o8 19.7 <0.0001
Hyperglycemia, % 10:E I : _.I o 8.7 12.7 0.05
Hypercholesterol, % 10.8 : 9.2 13.8 0.025

Hypercholesterol: total cholesterol >200 mg/dL; Hyperglycemia: fasting glucose >100 mg/dL
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Table 5-2. Lifestyle, anthropometrics, and biomarkers of study participants at follow-up measures by baseline childhood

hypertension status

Childhood baseline hypertension

Total No Yes
Current measures Mean + SD Mean + SD Mean + SD p-value
Number 988 641 347
Age, years 21.5+34 219+33 209+34 <0.0001
Body mass index, kg/m’ 21.8+4.1 21.0+3.2 233+5.0 <0.0001
Waist circumference, cm 71.4+114 69.2 £ 9.1 754+ 139 <0.0001
Systolic blood pressure, mmHg 108.2 + 1414 ~105.6.+ 12.2 113.0 £ 16.7 <0.0001
Diastolic blood pressure, mmHg 079 £ 1A\ ‘ 65:8+09.7 71.9 £ 13.0 <0.0001
high-density lipoprotein cholesterol, mg/dL 506 10255 || 51.8£10.0 484+ 104  <0.0001
Triglyceride, mg/dL 84.0% 72‘fP | 78,0 & 40.4 95.1+ 108.5  0.005
Log triglyceride 1.86:£70.20 185+ 0.18 1.89+ 0.24 0.015
Fasting glucose, mg/dL 85.8+°19.3 '83.8+9.8 89.6+ 29.5 0.0004
Boys, % 38.9 36.7 42.9 0.053
Smoking, % 12.6 13.5 10.9 0.24
Alcohol drinking, % 9.5 11.0 6.5 0.022
Abdominal Obesity, % 10.4 5.1 20.2 <0.0001
High blood pressure, % 10.5 5.6 19.6 <0.0001
Low high-density lipoprotein cholesterol, % 32.2 26.8 42.1 <0.0001
Hypertriglyceridemia, % 6.9 5.2 10.1 0.003
Hyperglycemia, % 3.7 2.0 6.9 0.0001

Abdominal obesity: waist circumference > 90 cm in men and > 80 cm in women; high blood pressure: systolic blood pressure >



130 mmHg or diastolic blood pressure > 85 mmHg; low high-density lipoprotein cholesterol: high-density lipoprotein cholesterol
<40 mg/dL in men and high-density lipoprotein cholesterol < 50 mg/dL in women; hypertriglyceridemia: triglyceride >150
mg/dL; Hyperglycemia: fasting glucose >100 mg/dL
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Table 5-3. Anthropometrics and blood pressures at follow-up measures by sex

and baseline childhood hypertension among study participants

Childhood hypertension

No Yes
Mean + SD Mean + SD p-value
Male (N=384)
Number 235 149
Age, years 21.8 £3.1 214 +£35 0.23
BMI, kg/m’ 21.9 + 3.4 247 +54 <0.0001
Waist, cm 75.0 £ 9.2 &1.3 +13.1 <0.0001
SBP, mmHg 112.8 £ 12.2 121.1 £ 16.5 <0.0001
DBP, mmHg 69.7 + 10.0 77.1 £ 13.2 <0.0001
Female (N=604)
Number 406 198
Age, years 21.9¢F 3.4 .20.5+33 <0.0001
BMI, kg/m’ 20.5 +3:0 223+ 4.4 <0.0001
Waist, cm 65.8'£ 7.2 \ [\ '709%129 <0.0001
SBP, mmHg 1014 & 102752 || 1069%142 <0000l
DBP, mmHg 63.5 €87 M || Tegaz115  <0.0001

BMI, body mass index; SBP, -rsyst('il;ic blood |pressure; DBP, diastolic blood

pressure.
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Table 5-4. Age- and sex-adjusted Spearman correlation coefficients between childhood
blood pressure and follow-up measures by childhood hypertension

Childhood hypertension

No (N = 641) Yes (N = 347)
Current SBP, mmHg DBP,mmHg SBP,mmHg DBP, mmHg
Waist circumference, cm 01777 0.113 0.150° 0.059

SBP, mmHg 0.204™" 0.151" 0.219™ 0.089

DBP, mmHg 0.141° 0.128" 0.090 0221
HDL-C, mg/dL -0.012 0.010 0.022 -0.030
Triglyceride, mg/dL 0.020 0.001 0.064 -0.064
Fasting glucose, mg/dL -0.085" -0.084° 0.050 0.118"

"p<0.05, “p<0.001, " p<0.0001
HTN, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C,
high-density lipoprotein cholesterol.
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Table 5-5. Baseline blood pressure by metabolic component at follow-up measures of
study participants

Baseline childhood blood pressure

SBP, mmHg DBP, mmHg
n Mean + SD p-value ~ Mean + SD p-value
Abdominal obesity <0.0001 <0.0001
No 885 1099 + 16.4 70.7 £ 13.1
Yes 103 123.8 £19.2 80.8 £ 15.2
High blood pressure <0.0001 <0.0001
No 884 1099 £ 16.6 70.8 + 13.1
Yes 104  123.7+17.8 80.2 + 15.8
Low HDL-C 0.24 0.009
No 670 1109 £17.1 71.0 £ 13.3
Yes 318 11213174 734 + 144
Hypertriglyceridemia : = 0.0001 0.032
No 920 A8 + 179 71.5 + 13.4
Yes 68"/ 119.1\+ 183 : 75.9 + 16.4
Hyperglycemia =5 | 0:008 0.019
No 95+ W10 864 YW & 71.5 + 13.4
Yes 37+ 121.8 £232 79.3 £ 19.2
Metabolic syndrome ; W 1 £0.0001 0.004
No 949 1107 £16.8 714 + 13.3
Yes 39 127.7 £ 20.2 80.9 £ 19.2

SBP, systolic blood pressure; DBP, diastolic blood pressure; HTN, hypertension; abdominal
obesity: waist circumference > 90 cm in men and > 80 cm in women; high blood pressure:
systolic blood pressure > 130 mmHg or diastolic blood pressure > 85 mmHg; low HDL-C:
high-density lipoprotein cholesterol < 40 mg/dL in men and high-density lipoprotein
cholesterol < 50 mg/dL in women; Hypertriglyceridemia: triglyceride >150 mg/dL;
Hyperglycemia: fasting glucose >100 mg/dL; Metabolic syndrome: at least 3 of the
following 5 criteria: Abdominal obesity, high blood pressure, low high-density lipoprotein
cholesterol, hypertriglyceridemia, and hyperglycemia.
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Table 5-6. Comparison in baseline blood pressure between metabolic abnor malities by childhood hypertension status

No childhood hypertension (n = 641) With childhood hypertension (n = 347)

Childhood SBP, mmHg  Childhood DBP, mmHg Childhood SBP, mmHg Childhood DBP, mmHg

Follow-up measures n Mean + SD p Mean + SD p n Mean + SD p Mean + SD p
Abdominal obesity 0.17 0.19 0.001 0.07
No 608 102.7+11.4 64.3+ 8.6 277 1257+ 14.6 84.7+10.3
Yes 33 1055+9.5 66.4 £9.7 70 1324+ 16.5 87.6+12.3
High blood pressure <0.0001 : . 0.18 0.028 0.15
No 605 1024+11.1 643 8.5 < 279 1262+ 14.8 84.8+10.0
Yes 36 1105+ 124 ' 66.9 N 1.1 ™ 68 130.7+ 16.3 87.3+£13.2
Low HDL-C 0.15 (=53] 0.09 0.013 0.81
No 469 1033+ 11.3 : 64.$irt 815, '- 5. 201 128.8+ 15.1 854+ 11.0
Yes 172 101.8+11.1 7635689 || 146 1247+ 15.2 85.1+104
Hypertriglyceridemia 0.32 I _I 0:99 0.006 0.41
No 608  102.8+ 11.2 64 4+8.5 312 1264+ 155 85.1+10.5
Yes 33 1048+ 124 644114 35 1325+ 115 86.7+12.7
Hyperglycemia 0.09 0.030 0.009 0.023
No 628 103.0+11.3 64.6 + 8.6 323 1265+ 15.0 84.9+10.5
Yes 13 97.6+11.9 59.3+10.7 24 1348+ 16.1 90.1+12.9
Metabolic syndrome 0.90 0.05 0.003 0.42
No 632 1029+ 11.3 64.5+ 8.6 317 1263+ 15.0 85.1£10.2
Yes 9 103.3+12.6 589+11.9 30 135.0+ 15.8 87.5+15.7

SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol
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Table 5-6-2. Comparison in baseline blood pressure between metabolic abnormalities by childhood hypertension

Childhood SBP, mmHg Childhood DBP, mmHg

No childhood HTN Have childhood HTN No childhood HTN Have childhood HTN
Follow-up measures n Mean + SD p n Mean £+ SD p n Mean £ SD p Mean + SD p
Abdominal obesity 0.17 0.001 0.19 0.07
No 608 102.7+ 11.4 277 1257+ 14.6 64.3+ 8.6 84.7+10.3
Yes 33 105.5+ 9.5 70 132.4416.5 66.4+ 9.7 87.6+12.3
Difference 2.8 6.7 - 2.0 29
High blood pressure <0.0001 <0.028 0.18 0.15
No 605 102.4+ 11.1 279 12672 148 ' 64.3+ 8.5 84.8+10.0
Yes 36 110.5+ 12.4 68 | 130[716,3 669+ 11.1 873+ 13.2
Difference 8.1 _! | 45 . -. 2.6 25
Low HDL-C 0.15 S\ 1 0:013 0.09 0.81
No 469 1033+ 11.3 201 '12818 S 64.8 + 8.5 85.4+11.0
Yes 172 101.8+ 11.1 146 12474152 63.5+ 89 85.1+10.4
Difference -15 -4.1 13 -0.3
Hypertriglyceridemia 0.32 0.006 0.99 0.41
No 608 102.8+ 11.2 312 1264+ 15.5 64.4+ 8.5 85.1+10.5
Yes 33 104.8+ 124 35 1325+ 115 644+ 114 86.7+12.7
Difference 2.0 6.1 0.0 16
Hyperglycemia 0.09 0.009 0.030 0.023
No 628 103.0+ 11.3 323 126.5+15.0 64.6 + 8.6 84.9+10.5
Yes 13 97.6+ 11.9 24 1348+ 16.1 59.3+ 10.7 90.1+12.9
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Difference -54 7.4 -5.2 5.2

Metabolic syndrome 0.90 0.003 0.05 0.42
No 632 1029+ 11.3 317 1263+ 15.0 64.5+ 8.6 85.1+10.2
Yes 9 103.3+ 12.6 30 135.0+15.8 589+ 11.9 87.5+15.7
Difference 0.5 8.7 -5.6 24

SBP, systolic blood pressure; DBP, diastolic blood pressure; HTN, hypertension; HDL-C, high-density lipoprotein cholesterol
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Table 5-7. Childhood blood pressure between number of components of metabolic
syndrome

Childhood blood pressure

SBP, mmHg DBP, mmHg
Metabolic syndrome n Mean + SD p-value.  Mean + SD p-value’
Number of components <0.0001 <0.0001
0 549 1089 £16.0 69.6 +12.4
1 305 111.2+17.1 72.1 £ 14.1
2 95 119.6+17.2 79.7 £12.7
3 and more 39 127.7+£20.2 80.9+19.2

"ANOVA

SBP, systolic blood pressure; DBP, diastolic blood pressure; Metabolic syndrome: at least 3
of the following 5 criteria: abdominal obesity, high blood pressure, low high-density
lipoprotein cholesterol, hypertriglyceridemia, and-hyperglycemia
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Table 5-8. Childhood blood pressures at follow-up measures by study group and number of metabolic syndrome components

Number of metabolic syndrome components

0 1 2 3 and more

Childhood baseline blood Mean + SD Mean + SD Mean + SD Mean + SD p-value
pressure
No childhood hypertension

Number 411 185 36 9

SBP, mmHg 102.8 + 11.1 102.1°% 11.3 107.3 + 11.5 103.3 + 12.6 0.06

DBP, mmHg 64.6 + 8.4 6365 = 8.7 68.8 + 9.4 589+ 11.9 0.004
Have childhood hypertension NN

Number 138 (2853 || 59 30

SBP, mmHg 1269 + 14.7 125!%’ + 4.8 | 127.0 + 15.8 135.0 + 15.8 0.001

DBP, mmHg 843 + 10.8 853 +98 || 86.4 + 9.3 875+ 157 023
Difference’ I_ <

SBP, mmHg 24.1° 23.1" 19.7° 31.7"

DBP, mmHg 19.7 21.8" 17.6° 28.6

SBP, systolic blood pressure; DBP, diastolic blood pressure; p<0.0001

"The difference of blood pressure between children and with no hypertension in each category of metabolic syndrome components
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Table 5-9. The comparison in childhood baseline blood pressure between children with hypertension and children without

hypertension at baseline by number s of components of metabolic syndrome in early adulthood

Childhood hypertension Childhood hypertension
MS No Yes No Yes
components Mean + SD Mean + SD Difference p-value =~ Mean+ SD Mean +SD Difference p-value
0 102.8+ 11.1 126.9 + 14.7 24.1 <0.0001 64.6 + 8.4 84.3 +10.8 19.7  <0.0001
1 102.1+11.5 1252+ 14.8 23.1 <0.0001 63.5+8.7 85.3+9.8 21.8  <0.0001
2 1073+ 11.5 127.0+ 15.8 “19.7-.  <0.0001 68.8+9.4 86.4+9.3 17.6  <0.0001
>3 103.3 + 12.6 135.0+ 15.8 1347 000001 589+11.9 87.5+15.7 28.6  <0.0001
All 1029+ 11.3 127.1+15.2 242~ <0:0001 " 64.4+8.6 85.3+10.7 20.9  <0.0001
MS, metabolic syndrome i 5—. (]
1 |
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Table 5-10. Oddsratios and 95% confidence intervals of metabolic abnor malities and metabolic syndromein association with
childhood hypertension

Childhood HTN Model 1 Model 2 Model 3 Model 4
Outcome prevalence, % No Yes OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

N=641 N=347
Abdominal obesity 51 202 4.92 (3.15-7.67) 5.14 (3.19-8.28) 2.29 (1.15-4.58) 2.33(1.14-4.78)
High blood pressure 5.6 19.6 4.26 (2.72-6.68) 4.68 (2.90-7.56) 3.69 (2.23-6.09) 4.19 (2.42-7.28)
Low HDL-C 26.8  42.1 2.04 (1.53-2.71) 2.03(1.51-2.73) 1.62 (1.18-2.22) 1.73 (1.25-2.40)
Hypertriglyceridemia 52 10.1 2.07 (1.25-3.42) 2.18 (1‘27-3 76) 1.34(0.73-2.44) 1.42 (0.75-2.71)
Hyperglycemia 2.0 6.9 3.98 (1.98-8.01) oy L 62 (2.11:10.1) 2.70 (1.16-6.28) 4.70 (1.62-13.6)
Metabolic syndrome 1.4 8.7 6.91 (3.21:14.8) _g;.Ll .0 (4 11-29.5) 3.80(1.24-11.7) 4.20 (1.23-14.3)
Model 1: adjusted for age and sex L ’L

Model 2: adjusted for age, sex, education, smoking, alcohol’ drlnikmg, and lfamlly hlstory of hypertension
Model 3: adjusted for variables in model 2 plus body mass index .

Model 4: adjusted for variables in model 3 plus insulin, uric acid; and high-sensitivity C-reactive protein
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Table 5-11. Risks of metabolic abnor malities and metabolic syndrome at
follow-up measures among participantswith per 5 mmHg increase of
baseline childhood systolic blood pressure

Per 5 mmHg increase of childhood SBP

M etabolic outcomes’ OR (95% CI)

Abdominal obesity 1.10 (1.00-1.21)
High blood pressure 1.20 (1.11-1.30)
Low HDL-C 1.02 (0.97-1.07)
Hypertriglyceridemia 1.09 (0.99-1.19)
Hyperglycemia 1.23 (1.08-1.41)
Metabolic syndrome 1.24 (1.06-1.44)

SBP, systolic blood pressure.
"Adjusted for age and sex, education, smoking, alcohol drinking, family history
of hypertension, body mass index, insulin, uric'acid, and high-sensitivity

C-reactive protein.
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Table 5-12. Risks of metabolic abnormalities and metabolic syndrome at
follow-up measures among participantswith per 5 mmHg increase of
baseline childhood diastolic blood pressure

Per 5 mmHg increase of childhood DBP

M etabolic outcomes’ OR (95% CI)

Abdominal obesity 1.17 (1.02-1.34)
High blood pressure 1.23 (1.12-1.35)
Low HDL-C 1.05 (0.99-1.11)
Hypertriglyceridemia 1.04 (0.93-1.16)
Hyperglycemia 1.18 (1.01-1.37)
Metabolic syndrome 1.04 (0.86-1.26)

DBP, diastolic blood pressure
"Adjusted for age and sex, education, smoking, alcohol drinking, family history
of hypertension, body mass index, insulin, uric:acid, and high-sensitivity

C-reactive protein
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Elevated Blood Pressure, Obesity, and Hyperlipidemia

Chien-Chang Liao, MSPH, Ta-Chen Su, MD, PhD, Kuo-Liong Chien, MD, PhD, Jou-Kou Wang, MD, PhD, Chuan-Chi Chiang, MS,
Chau-Ching Lin, MD, Ruey S. Lin, MD, DrPH, Yuan-Teh Lee, MD, PhD, and Fung-Chang Sung, PhD, MPH

Objectives To investigate the association of blood pressure elevation with body mass index (BMI) and total cho-
lesteral levels in children who screened positive for proteinuria, glucosuria, and/or hamaturia.

Study design From 1992 to 2000, a mass urine screening program was conducted annually for nearly 3 000 000
students aged 6 to 18 years. Of 99 350 students with positive results on urine tests, further examination found 17
548 students (17.7%) had blood pressure elevation. A case-control analysis was performed with randomly selected
subjects with normal blood pressure who were frequency matched by sex and age.

Results The adjusted odds ratio for blood pressure elevation in obese students was 3.45 (95% Cl, 3.20-3.72),
compared with students of normal weight. The odds ratio for blood pressure elevation increased to 6.15 (95%
Cl, 4.12-9.18) for students with a total cholesterol level =250 mg/dL and obesity, compared with students with a to-
tal cholesterol level <200 mg/dL and normal weight.

Conclusion This study found a high prevalence of elevated blood pressure in children with abnormal urinalysis
results, with a strong association with BMI and total choleterol level. (J Pediatr 2009; l1: - W).

% tudies have provided strong evidence for the important role of obesity in the etiology of hypertension inadults' and have
e, demonstrated that obesity affects the blood pressure of children as well.>” The prevalence of childhood hypertension®**
s and obesity™ " have been increasing in populations worldwide. Studies in Taiwan also have shown increasing trends of
obesity in children.'*"”

The high prevalence of obesity has increased the importance of studying other risk factors associated with hypertension,
including hyperlipidemia, diabetes mellitus, and renal function.'®* An annual urine screening for glucosuria, proteinuria,
and hematuria was conducted from 1992 to 2000 in Taiwan. This screening demonstrated that childhood diabetes mellitus
is strongly related to Ubesity.m’]g Compared with children with a body mass index (BMI) <50th percentile, children with

a BMI =95th percentile were 25.9 times more likely to have diabetes mellitus. This study investigated the risk for hypertension
associated with BMI and other factors in this population of school children.

From 1992 to 2000, the Chinese Foundation of Health in Taipei, Taiwan, conducted an annual urine screening campaign for
2615 000 to 2 932 000 school-age children in grades 1 to 12 in Taiwan. The project details have been described in earlier
reports. 1823 A urine strip (Hemscomistix IV urine strip, Ames Division, Miles Lab, Elkhart, Indiana) was used for the screening.
School-age children with positive results on 2 tests for proteinuria, glucosuria, or hematuria underwent a third urine screening
test and a general health check-up with the same protocol. The check-up included anthropometric measures, fasting blood tests
for total cholesterol (TCOL), albumin, blood urea nitrogen (BUN), serum creatinine (CRE), C3 complement, antistreptolysin
O, and blood pressure. For measurement of blood pressure, students were seated with legs uncrossed, and they refrained from
speaking. Blood pressure was measured twice with a mercury sphygmonometer

and the appropriate size cuff.

Ovwerall, 131 547 students who participated in the general check-up were re- From the Institute of Environmental Health, National

ferred to their physicians for further diagnosis and follow-up care. The original E:::: [%”::’e";‘2’)CIf]"s‘ifj‘;g:%:'\'ﬁr::;';;;a,_'if;“h
China Medical University College of Public Health,
Taichung, Taiwan (C.L., F.S.); Departments of Internal
Medicine and Pediatrics, Cardiology Section, National
Taiwan University Hospital, Taipei, Taiwan (T.S., K.C.,

BMI Body mass index JW., Y.L Institute of Preventive Medicine, National
p Taiwan University College of Public Health, Taipei,

BUN Blood urea nitrogen Taiwan (K.C., R.L., Y.L.,F.8.); and Chinese Foundation of
CRE Creatinine Health, Taipei, Taiwan (C.C., C.L)
DBP Diastolic blood pressure Supported by National Health Research Institute con-
NHANES National Health and Nutrition Examination Survey tracts (grant numbers NHRI-EX95-9531PI, 2006; NHRI-
OR Odds ratio EX26-9531PI, 2007; NHRI-EX97-9531P|, 2008). The au-

: thors declare no conflicts of interest.
SBP Systolic blood pressure

TCOL Total cholesterol D022-3476/ - see frant matter. Copyright & 2009 Mosby Inc.
All rights resarved. 10,1016/} jpeds.2008.01.038
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screening program was conducted as a public policy required
by the Taiwan Provincial Department of Health and ap-
proved by the Provincial Education Board. A letter was
sent to parents to explain the program and invite their partic-
ipation. Return of the urine sample was taken as consent for
participating in the program.

In this study, hypertension was defined as systolic blood
pressure, diastolic blood pressure, or both greater than or
equal to the sex-, age-, and height-percentile-specific 95th
percentile blood pressure values.” The Figure (available at
www.jpeds.com) shows the procedure used to identify cases
with hypertension and control subjects. After excluding miss-
ing data and unreliable identification (n = 3 134), unknown
blood pressure (n = 24 561), unknown results of urine test
(n = 84), unknown age (n = 3 488), and unknown height (n
=930), 99 350 school-age children were eligible for this study.
Of them, 17 548 students (17.7%) had hypertension. Control
subjects were randomly selected from school-age children
without hypertension frequency matched by sex and age.

According to the criteria of the Taiwan Nutrition and
Health Survey,” childhood obesity and overweight were de-
fined as students having a BMI greater than or equal to the
sex- and age-specific 95th percentile value and between the
85th and 94th percentile values, respectively. The glomerular
filtration rate (GFR) was calculated for each child.?®

First, the means of SBP, DBP, TCOL, albumin, BUN, and
CRE levels and GFR were compared, between subjects with
hypertension and control subjects by the BMI group. The
Kruskal-Wallis test was used to evaluate differences. Com-
parisons between subjects with hypertension and control
subjects were also performed for sex, age, levels of BMI,
TCOL, albumin, BUN, and GFR in BMI groups. The categor-
ical outpoints for those variables were TCOL (<200, 200-249,
=250 mg/dL), albumin (<4.5, 4.5-4.9, =5.0 mg/dL), BUN
(<23 mg/dL, =23 mg/dL), and GFR (<60 mL/min/1.73m?,
=60 mL/min/1.73m?).?” Odds ratios (ORs) and 95% CI for
the risk of hypertension associated with these factors were
estimated with logistic regression analysis. Interaction be-
tween BMI levels and each co-variate was also calculated.
SAS software version 8.0 (SAS Institute, Carey, North Caro-
lina) was used for data analyses, with a 2-sided probability
value <.05 considered to be statistically significant.

The mean SBP, DBP, and TCOL levels were consistently higher
in subjects with hypertension than in control subjects, signifi-
cant at a P value =.01 (Table [; available at www.jpeds.com).
The difference for SBP and TCOL, but not DBP, levels are
greater for obese subjects than normal weight subjects. The
prevalence of stage 2 hypertension was much greater in obese
children than normal weight children (22.5% versus 6.0%).
Of 99 350 students, 1503 of them had glucosuria without
having hematuria or proteinuria. In our case-control analy-
sis, students with hypertension were more likely to have glu-
cosuria than were students with normal blood pressure (3.1%

2

Vol. B, No. &

versus 1.0%, P < .0001; data not shown). Students with
higher BMI, TCOL levels, and albumin levels and lower
GFR were at higher risk for hypertension than control sub-
jects (Table II). Elevated blood pressure was 3 times more
prevalent in students with obesity than control subjects
(17.9% versus 6.1%, P < .0001). In the multivariate analysis,
BMI had the strongest association with hypertension risk
(OR, 3.45; 95% CI, 3.20-3.72), followed by TCOL level.
Both BMI and TCOL level had a strong dose-response rela-
tionship (P < .0001). The OR of hypertension associated
with obesity changed slightly when data were analyzed
separately for students with hematuria (OR, 3.21; 95% CI,
2.87-3.58), proteinuria (OR, 3.64; 95% CI, 3.26-4.06), and
glucosuria (OR, 3.98; 95% CI, 2.66-5.94; Table I1I).

The multivariate logistic regression analysis by BMI strata
revealed that the OR for hypertension increased as BMI in-
creased for both girls and boys and in all age groups in a sim-
ilar pattern (Table IV). The older children had a greater
association between BMI and hypertension risk compared
with younger children. When children aged 6 to 9 years
with normal weight were compared with older and more
overweight children, the OR rose to 4.55 (95% CI, 3.51-
5.90) for obese children 16 to18 years of age. There was an ap-
parent interaction between BMI and TCOL and BUN levels
for the risk of hypertension. The risk for hypertension in-
creased with higher TCOL level and lower GFR, but not
with higher albumin level in obese children.

The observed association between blood pressure and BMI is
consistent with findings in other studies of general young
population.*””*! In a Spanish study, both SBP (112.6 & 6.6
versus 107.8 = 6.9 mm Hg) and DBP (65.9 £ 4.4 versus
64.2 + 42 mm Hg) were higher in obese children than in
non-obese children 6 to 16 years old.”’

Sorof and Daniel concluded that obese children are at ap-
proximately 3-fold higher risk for hypertension than non-
obese children.” Tn school children aged 10 to 19 years in
Houston, overweight children were 3.26 times more likely
than non-overweight children to have hypertension.” This
study found that the estimated risk for hypertension in obese
children was 3.45 times greater than that in children of nor-
mal weight. This excess risk might be partly attributable to
the process of identification with abnormal urinary screening
results. The dose-response relationship indicates an effect of
BMI on childhood hypertension. Neter et al conducted
a meta-analysis and indicated that blood pressure reductions
were —1.05 mm Hg in SBP and -0.92 mm Hg in DBP per
kilogram of body weight loss.*

Cholesterol elevation may also be associated with hyper-
tension.™® In students 5 to 18 years of age in the Nether-
lands, those with hypertension had higher TCOL than
students without hypertension (4.3 £ 0.8 versus 3.9 = 0.6
mmol/L, P < .01).% In this study, children with higher
TCOL levels were more likely to have hypertension.

Liao et al
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Table II. Comparisons between case and control subjects by sex, age, body mass index, and selected
physiological examinations with univariate and multivariate logistic regression

Univariate Multivariate

Controls, % (n = 17 548) Cases, % (n = 17 548) OR (95% CI) OR (95% CI)
Sex
Girls 56.5 56.5 Reference Reference
Boys 435 435 1.00 () 0.97 {0.93-1.02)
Age, years
6-9 154 154 Reference Reference
10-12 408 40.8 1.00 () 1.04 {0.97-1.11)
13-15 35.7 357 1.00 ) 1.05 (0.98-1.13)
16-18 8.2 8.2 1.00 () 1.00 (0.91-1.10)
BM! status
Normal weight 845 68.4 Reference Reference
Overweight 9.5 137 1.79 (1.67-1.91) 1.77 (1.66-1.90)
Obesity 6.1 179 3.65(3.39-3.93) 3.45(3.20-3.72)
P for trend <.0001 <.0001
TCOL, mg/dL
<200 90.0 85.7 Reference Reference
200-249 86 1.8 1.44 (1.34-1.54) 1.22 (1.14-1.32)
=250 14 25 1.96 (1.67-2.30) 1.58 {1.34-1.87)
P for trend <.0001 <.0001
Albumin, mg/dL
<45 63.5 59.7 Reference Reference
45-49 32 343 1.17 (1.12-1.23) 1.16 {1.10-1.21)
=5.0 54 6.1 1.20 (1.09-1.31) 1.18 (1.07-1.30)
p for trend <.0001 <.0001
BUN, myg/dL
<23 99.1 98.9 Reference Reference
=23 0.9 11 1.22 (0.99-1.50) 1.12{0.90-1.39)
GFR, mL/min/1.73n7
=60 834 81.5 Reference Reference
<60 166 185 1.15 (1.09-1.21) 1.15 (1.02-1.31) )

Missing data: 143 in BMI, 287 in TCOL, 286 in albumin, 278 in BUN, and 282 in CRE.

Consistent with other studies, this study also found BUN,
CRE, or GFR and albumin may be associated with blood
pressure elevation. Klag et al have demonstrated an associa-
tion between blood pressure and BUN level in African-Amer-
ican subjects.” CRE level is an important marker of kidney
function, which is also associated with hypertension and car-
diovascular disease.**** The ARIC study found a 2-fold in-
crease in elevated CRE level associated with a 20 mm Hg
increment in blood pressure in community residents.*® The
US Third National Health and Nutrition Examination Sur-
vey (NHANES) also showed that subjects with hypertension
were 9 times more likely than subjects without hypertension
to have elevated CRE levels.™

Increased serum albumin levels in adults are associated
with elevated SBP (P < .0001), stroke, and coronary heart dis-
ease.”” A Norwegian study of 5071 found that SBP increased 5
to 11 mm Hg in male subjects and 6 to 17 mm Hg in female

subjects as the albumin levels increased from 4 to 5 g/dL.*
This study observed that childhood blood pressure elevation
is significantly associated with BUN, urinary CRE, and albu-
min levels, but this association is not as strong as in adults.
This relationship was enhanced for obese children, more
than 3 times greater.

The main limitation of this study is that all the study par-
ticipants had positive urine screening results for proteinuria,
hematuria, and/or glucosuria. The further screening program
included no children with normal urine screening results in
the check-up program for comparison. The risk estimation
likely represents children with renal abnormalities and may
not be generalized to the general population. The other lim-
itation is that blood pressure was measured a single time.
Therefore, we do not know if the subjects had hypertension,
which would require persistence on repeat measurements or
just elevated blood pressure on the date of the screening.

\
Table I1I. Hypertension risk in relation with body mass index in children with hematuria, proteinuria, and
glucosuria

Hematuria OR (95% CI) (n = 13 434) Proteinuria OR (95% CI) (n = 20 912) Glucosuria OR (95% CI) (n = 750)
BMI status
Normal weight Reference Reference Reference
Overweight 1.75 (1.58-1.94) 1.76 (1.60-1.93) 2.41(1.35-4.29)
Obesity 3.21 (2.87-3.58) 3.64 (3.26-4.06) 3,98 (2.66-5.94)
-

Elevated Blood Pressure, Obesity, And Hyperlipidemia
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Table IV. Odds ratios and 95% confidence intervals for risk for hypertension associated with body mass index
by sex, age, total cholesterol, blood urea nitrogen, and creatinine and albumin

Status of body mass index

Normal weight aOR (95% Cl) Overweight aOR (95% Cl) Obesity a0OR (95% CI)
Sex
Girls Reference 1.82 (1.66-1.98) 3.54 (3.20-3.92)
Boys 0.98 (0.93-1.03) 1.66 (1.49-1.84) 3.47 (3.11-3.87)
Age, years
6-9 Reference 1.64 (1.40-1.93) 3.06 (2.57-3.65)
10-12 1.02 (0.95-1.10) 1.75 (1.56-1.96) 3.28 (2.89-3.72)
13-15 1.01 (0.93-1.09) 1.78 (1.56-2.04) 3.99 (3.46-4.60)
16-18 0.88 (0.79-0.98) 231 (1.78-3.01) 4.55 (3.51-5.90)
TCOL, mg/dL
<200 Reference 1.75 (1.63-1.88) 3.42 (3.15-3.71)
200-249 1.21 (1.11-1.32) 2.16 (1.78-2.63) 5.17 (4.29-6.21)
=250 1.54 (1.26-1.88) 402 (2.56-6.32) 6.15 (4.12-9.18)
Albumin, mg/dL
<50 Reference 1.78 (1.66-1.90) 3.59 (3.33-3.88)
=50 1.151.04-1.28 1.91 (1.46-2.50) 3.26 (2.45-4.35)
BUN, mg/dL
<23 Reference 1.77 (1.65-1.89) 3.55 (3.29-3.83)
=23 1.130.90-1.43 217 (1.05-4.48) 3.66 (1.74-7.73)
GFR, mL/min/1.73nF
= 60 Reference 1.79 (1.67-1.92) 3.53 (3.27-3.81)
<60 1.18 (1.03-1.36) 1.47 (1.03-2.11) 5.14 (3.43-7.72)

- 7

Obesity was the most important factor associated with
blood pressure elevation, followed by hyperlipidemia, ele-
vated urea nitrogen, CRE, and albumin levels in this popula-
tion with abnormal urinalysis results. Further studies are
needed to investigate the health effect of childhood hyperten-
sion in this population. =

Submitted for publication Aug 5, 2008; last revision received Nov 12, 2008;
accepted Jan 12, 2009.

References

1. Rahmouni K, Correia MLG, Haynes WG, Mark LA. Obesity-associated
hypertension: new insights into mechanism. Hypertension 2005;45:
9-14.

2. Sorof JM, Lai D, Turner [, Poffenbarger T, Portman R]. Overweight, eth-
nicity, and the prevalence of hypertension in school-aged children. Pedi-
atrics 2004;113:475-82.

3. Mohan B, Kumar N, Aslam N, Rangbulla A, Kumbkarni S, Sood NK,
et al. Prevalence of sustained hypertension and obesity in urban and
rural school going children in Ludhiana. Indian Heart J 2004;56:
310-4.

. Sinaiko AR. Hypertension in children. N Engl ] Med 1996;335:1968-73.

. Sorof ], Daniels 5. Obesity hypertension in children: a problem of epi-
demic proportion. Hypertension 2002;40:441-7.

. Falkner B, Gidding S$S, Ramirez-Garnica G, Wiltrout SA, West D,
Rappaport EB. The relationship of body mass index and blood pressure
in primary care pediatric patients. ] Pediatr 2006;148:195-200.

7. Chu NF, Wang DJ, Shieh SM. Obesity, leptin and blood pressure among
children in Taiwan: the Taipei Children’s Heart Study. Am ] Hypertens
2001;14:135-40.

8. Muntner P, Jiang H, Cutler JA, Wildman RP, Whelton PK. Trends in
blood pressure among children and adolescents. JAMA 2004;291:
2107-13.

9. Thorpe LE, List DG, Marx T, May L, Helgerson SD, Frieden TR. Child-
hood obesity in New York city elementary school students. Am J Public
Health 2004;94:1496-500.

(TN

=)

10.

11.

12,

13.

16.

17.

18.

19.

23.

24,

Bundred P, Kitchiner D, Buchan I. Prevalence of overweight and obese
children between 1989 and 1998: population based series of cross sec-
tional studies. Br Med ] 2001;322:326-9.

Viner RM, Segal TY, Lichtarowicz-Krynska E, Hindmarsh P. Prevalence of
the insulin resistance syndrome in obesity. Arch Dis Child 2005;90:10-4.
Ogden CL, Flegal KM, Carroll MD, Johnson CL. Prevalence and trends
in overweight among US children and adolescents, 1999-2000. JAMA
2002;288:1728-32.

Spurgeon D. Childhood obesity in Canada has tripled in past 20 years.
Br Med J 2002;324:1416.

4. Chu NF. Prevalence of obesity in Taiwan. Obes Rev 2005;6:271-4.
. Chu NF. Prevalence and trends of obesity among school children in Tai-

wan-the Taipei Children Heart Study. Int ] Obes 2001;25:170-6.

Chen LJ. Factors associated with obesity in Chinese-American children.
Pediatr Nurs 2005;31:110-5.

Huang YC, Wu JY, Yang MJO. Weight-for-height reference and the
prevalence of obesity for school children and adolescents in Taiwan
and Fuchien areas. ] Chin Med Assoc 2003;66:598-605.

Wei IN, Sung FC, Lin CC, Lin RS, Chiang CC, Chuang LM. National sur-
veillance for type 2 diabetes mellitus in Taiwanese children. JAMA 2003;
290:1345-50.

Lee HY, Wei JN, Sung FC, Chuang LM. Higher rate of obesity and hy-
pertension in adolescents with type 2 than in those with type 1. Diabetes
Care 2006;29:2326.

. Wei JN, Sung FC, Li CY, Chang CH, Lin RS, Lin CC, et al. Low birth

weight and high birth weight infants are both at an increased risk to
have type 2 diabetes among school children in Taiwan. Diabetes Care
2003;26:343-8.

. Wei JN, Chuang LM, Lin CC, Chiang CC, Lin RS, Sung FC. Childhood

diabetes identified in mass urine screening program in Taiwan, 1993-
1999, Diabetes Res Clin Pract 2003;59:201-6.

. Tsou PL, Jian YD, Chang CC, Wei JN, Sung FC, Lin CC, et al. Sex-related

difference between adiponectin and insulin resistance in schoolchildren.
Diabetes Care 2004;27:308-13.

Wei JN, Lee HY, Chang CH, Sung FC, Li CY, Lin CC, et al. Birth weight
and type 1 diabetes among school children in taiwan—a population-
based case-controlled study. Diabetes Res Clin Pract 2006;74:309-15.
National High Blood Pressure Education Program Working Group on
Hypertension Control in Children and Adolescents. Update on the
1987 Task Force Report on High Blood Pressure in Children and

Liao et al

FLA 5.0 DTD m ympd3566 m 20 February 2009 ® 1:28 am M ce 73

100

394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
121
422
423
424

25
426
427
428
429
430

L.
[l | L S

=
o Td Lo Lo L Lo Lo Lo
=

o s
EE
_— O \D

£
E
o

443
444
445
446
447
448
449
450



W 2009

30.

Adolescents: a working group report from the National High Blood Pres-
sure Education Program. Pediatrics 1996;98:649-58.

. Chen JY, Chang HY, Pan WH. A modifies locally weighted methods for

developing reference standards for height, weight, and body mass index

of boys and girls aged 4 to 18 in Taiwan. Hum Biol 2003;75:749-70.

. Hogg RJ, Furth S, Lemley KV, Portman R, Schwartz GJ, Coresh J, et al.

National Kidney Foundation’s kidney disease outcomes quality initiative
clinical practice guidelines for chronic kidney disease in children and ad-
olescents: evaluation, classification, and stratification. Pediatrics 2003;
111:1416-21.

. Williams CL, Hayman LL, Daniels SR, Robinson TN, Steinberger ],

Paridon §, et al. Cardiovascular health in childhood: a statement for
health professional from the Committee on Atherosclerosis, Hyperten-
sion, and Obesity in the Young (AHOY) of the Council on Cardiovascu-
lar Disease in the Young, American Heart Association. Circulation 2002;
106:143-60.

. Pall D, Settakis G, Katona E, Csiba L, Kakuk G, Limburg M, et al.

Increased common carotid artery intima media thickness in adolescent
hypertension. Cerebrovasc Dis 2003;15:167-72.

. Boyd GS, Koenigsberg J, Falkner B, Gidding S, Hassink S. Effect of obe-

sity and high blood pressure on plasma lipid levels in children and ado-
lescents. Pediatrics 2005;116:442-6.

Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting
obesity in young adulthood from childhood and parental obesity.
N Engl ] Med 1997;337:869-73.

Elevated Blood Pressure, Obesity, And Hyperlipidemia

31

33.

34.

36.

37.

38.

ORIGINAL ARTICLES

Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health
crisis, common sense cure. Lancet 2002;360:473-82.

. Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of

weight reduction on blood pressure: a meta-analysis of randomized con-
trolled trials. Hypertension 2003;42:878-84.

Schillaci G, Reboldi G, Verdecchia P. High-normal serum creatinine is
a predictor of cardiovascular risk in essential hypertension. Arch Intern
Med 2001;161:886-91.

Coresh ], Wei GL, McQuillan G, Brancati FL, Levey AS, Jones C, et al.
Prevalence of high blood pressure and elevated serum creatinine level
in the United States: findings from the Third National Health and
Nutrition Examination Survey (1988-1994). Arch Intern Med 2001;
161:1207-16.

. Wang JG, Staessen JA, Fagard RH, Birkenhiager WH, Gong L, Liu L.

Prognostic significance of serum creatinine and uric acid in older Chi-
nese patients with isolated systolic hypertension. Hypertension 2001;
37:1069-74,

Pernger TV, Neito FJ, Whelton PK, Klag M], Comstock GW, Szklo M. A
prospective study of blood pressure and serum creatinine: results from
the “Clue” study and the ARIC study. JAMA 1993;269:488-93.

Shaper AG, Wannamethee SG, Whincup PIH. Serum albumin and risk of
stroke, coronary heart disease, and mortality: the role of cigarette smok-
ing. | Clin Epidemiol 2004;57:195-202.

Heostmark AT, Tomten SE, Berg JE. Serum albumin and blood pressure:
a population-based cross-sectional study. ] Hypertens 2005;23:725-30.

FLA 5.0 DTD m ympd3566 m 20 February 2009 m 1:28 am W ce 73

101

472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492



493
494
495
496
497
408
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
REX)
545
546
547
548
549

THE JOURNAL OF PEDIATRICS « www.jpeds.com

Vol. B, No. R

131547 recawed health chede-up i 1992-2000

—il 3134 excluded for missing or unreliable identification |

{ 24561 excluded for missing or unreliable blood presswre |

—D'l %4 excluded for unknown results of unnetest |

—Dl 3488 excluded for unkmowvin age |

——+] 930 excluded for unkmown height. |

!

[ 17548 hypertensives | |818E|2nm711ypedmsives ]

Freoquency tmatched with age
and sex, selected randomly

17548 non-hyp ertensive controls

Figure. Procedures to select children with hypertension and control subjects.
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Table I. Comparisons between case and control subjects in blood pressure, cholesterol, serum albumin, blood
urea nitrogen, and serum creatinine levels by body mass index

Status of BMI

Normal weight, mean = SD (n = 26 722) Overweight mean = SD (n = 4050) Obesity (n = 4181) P value for trend
SBP, mm Hyg
Cases 1234 £11.5 1256 = 11.4 130.2 =135 <.0001
Controls 104.3 +11.3 1066 + 11.3 108.4 +11.0 <.0001
Difference 19.16 18.92 21.80 <.0001t
P* <.0001 <.0001 <.0001
DBP, mm Hg
Cases 793 +9.3 791 + 9.0 81.7 +10.4 <.0001
Controls 65.2 + 8.7 66.3 = 8.6 675+ 8.4 <.0001
Difference 14.08 12.86 1415 5349t
P* <.0001 <.0001 <.0001
TCOL, mg/dL
Cases 164.7 £ 391 168.4 &+ 46.2 178.1 £ 46.0 <.0001
Controls 160.5 £ 34.6 163.0 = 338 168.9 + 37.8 <.0001
Difference 4.21 5.35 913 00017
P* <.0001 .0052 <.0001
Albumin, mg/dL
Cases 4.40 + 4.07 437 +1.21 435 + 0.42 4705
Controls 4.33 + 0.67 433 +0.39 474 +13.2 .0009
Difference 0.07 0.04 -0.39 0019t
P* <.0001 .0877 .0436
BUN, mg/dL
Cases 12.36 £ 5.67 12.29 = 568 12.57 £ 3.59 1093
Controls 1238 +11.6 12.28 + 4.86 12.62 +4.15 4705
Difference -0.02 0.01 -0.06 90937
P* 2377 .3088 5410
CRE, mg/dL
Cases 1.06 + 0.34 111+ 225 1.08 +0.24 1168
Controls 1.05 £ 0.24 1.04 £0.23 1.06 £ 0.35 1930
Difference 0.01 0.06 0.02 41927
P* .0553 3351 .0016
GFR
Cases 90.2 £ 235 90.7 £+ 20.0 90.3 £ 20.4 .5600
Controls 906 + 204 90.0 £ 21.0 90.0 £ 21.1 7709
Difference -0.39 0.68 0.32 92047
P* 0578 2123 6118
HTN stage 1, % 387 49.6 52.2 <.0001
HTN stage 2, % 6.0 9.5 22.5 <.0001

HTN, Hypertension.
*“Wilcoxon rank sum test between case and control subjects.
+Test for interaction between difference and BMI status.
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