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Hypertension is the most prevalent disease in our population With stroke the
second leading cause of deaths. Hypertension has a relatively low prevalence in
children. But, there are a number of children being sﬁffered from this problem in
significance. There were 60-100 deaths annually from stroke before th'e.age of
20 years in Taiwan. In the mass urine screening between 1992-2000 for all
elementary, junior and senior high schools students in Taiwan Province, 8401
children with significant hypertension, 4229 with severe hypértension had been
identified. Students with severe hypertension were more likely to have
proteinuria and glucosuria. This proposed study has established in the year one a
cohort, based on these hypertensive students (n=600-800) and students without
hypertension (n=600-800). Both éroﬁpé ”c;f. Studéﬁté havé been- found to be
glucosuria and/or proteinuria positive in a urine screening program conducted by

the Chinese Foundation of Health.

We proposed to investigate the risk factors associated with childhood
hypertension, family cluster and the treatment effectiveness and different levels
of blood pressure (BP) control in showing the progreésion of cardiovascular
disease (CVD) and renal diseases and other comobidity in hypertensive children.
This study as a feasibility study has the following aims.

1. To create a protocol, an operation manual and data collection form.

2. To establish a cohort consists of hypertensive children and normotensive
children (controls) identified from mass urine screening for elementary
students.

3. To conduct a questionnaire investigation and health examination for
factors that may associate with childhood hypertension by comparing
hypertensive group and control group.

4. To assess patient compliance with their treatment protocol, including
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clinic visit schedules, medications and other procedures.

5. To observe any short-term adverse effects in the 3-year study period.

6. To obtain risks within patieht variation in comobidity during the baseline
and follow-up period. |

7. To compare differences in blood/urine chemistry and lifestyle between

children with and with no new comobidity.

This study 'population based on a mass urine séréening for glucosuria or/and
proteinuria in children may have limitations generated from selection bias. The
BP status may not represent general children. However, these children are at
elevated risk of developing comobidity in cardiovascular and renal systems, they
are a group children deserve immediate attention. This project may provide -a
prominent approach for identifying risks in the interaction of hypertension
glucosuria and proteinuria, and identifying ways to prevent the development of
comobidity. Based on. the past experience in Chin-Shan Community
Cardiovascular Cohort Study, the investigators conducted a follow-up task for
children of hypertension with the NHRI support..ln doing so, all study subjects
may continue to receive adequate care and consultation, the investigators will be
able to precisely estimate the risk may occur in the treatment effectiveness.

The PI has a long term collaboration experience with faculty members at the
National Taiwan University Hospital who have been involved in the Chin-Shan
Community Cardiovascular Cohort study. In this year one study, We therefore
started the study subjects recruitment effort targeting children in Taipei area,
attempting to establish the study standard process and protocol.

We reviewed the baseline data to exclude those with no ID or duplicated ID

and those with blood pressure data missing or exceeding normal range. Blood

pressures exceeding meant2 standard deviation were also excluded. After 5792
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students with hypertensives were identified based on the American Heart
Association criteria of blood pressure classification for children, 5792 conﬁols
were also selected using frequency match with sex and age. After excluding
those with no consistent address and/or. telephone number, 3418 students were
considered eligible for this study as hypertensive students. Among them, 732
students were in Taipei area.

" The NHRI funds were finalized and available in April 2006. We started to
recruited and train research assistants and graduated students for this projects.
Parents of potential subjects were contacted with a letter to explain this study
project and followed by telephone calls to make appointments for interviews and
check-up at National Taiwan University Hospital. The questionnaire was
self-completed in Chinese and checked by an interviewer for the completion.
Specific cautious measures about the questionnaires were the life style recall and
health histories of the student and parents.

Element health examinations included the original 30 items on blood
pressure, anthropometry, and measurements of urine and blood specimens of
fasting. In addition, ultra sound measurements for common carotid artery and
cardiac-ankle vascular index were performed to verify whether there is
atherosclerosis development in young hypertensives'. The whole examination
procedure may take 1.5 to 2.0 hours. With parental and students consent, we
have completed the procedure for 163 hypertensive cases and 63 controls
between May and October 2006. We expected to complete 350 persons by the
end of December 2006.

Data analysis was based on the data of these 226 persons who had completed

the follow-up check up as of the end of October 2006. Cases were younger than
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controls (19.713.1 vs. 20.914.3 years; p=0.053) and more likely still at school

(70.4 \}s. 57.1%; p=0.025). Both cases and controls were similar for
socioeconomic status, life style and dietary behavior, although 14.1% of cases
and 6.3% control were smokers (p=0.11). Analysis for health history showed
that cases were more prevalent than controls for diabetics (6.1 vs. 0.0%; p=0.07)
‘and kidney illness (9.2% vs. 1.6%; p=0.046).

The average blood pressures were higher in cases than in controls with

greater differences in males (109.8£17.7 vs. 102.2+12.9 mmHg for systolic
blood pressure and 71.8%14.3 vs. 59.8111.3 mmHg for diastolic blood pressure)
than in females (103.6113.7 vs. 96.4+10.5 mmHg for systolic blood pressure

and 67.7£12.2 vs. 60.3%10.7 mmHg for diastolic blood pressure). We did not

find a higher average BMI in cases, but both the average waistline and the waist
to the buttocks ratio were significantly higher in cases than in controls for both
males and females. Overall, the blood pressure had a greater association with the
waistlines (r=0.3903 for systolic blood pressure and r=0.3989 for diastolic blood
pressure) than with BMI (r=0.3512 for systolic blood pressure and r=0.3658 for

diastolic blood pressure). The average waistline was the longest for students

with urinary occult blood (77.8%17.7 cm) and followed by students with
proteinuria (74.4+14.0 cm) and controls (70.1111.2 ¢cm) (p=0.013). Among these
three groups, the corresponding averages in systolic blood pressure were 114.5%

204, 107.0215.2 and 102.2%12.9 mmHg (p=0.0002), and in diastolic blood
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pressure were 74.0%f14.4, 704114.1 and 59.8%+11.3 mmHg (p<0.0001),

respectively.
There were no significant differences in averages between cases and controls

for most items in the blood examination. But, cases did have higher average

values than controls in triglyceride (96.7£112.0 vs. 73.2134.6, p=0.017), fasting
plasma glucose (93.3137.2 vs. 85.8%5.89 mg/dL, p=0.014) and Apo-A1 (139.2+

21.0 vs. 132.6£14.2 mg/dL, p=0.007). The average values in urinary
examinations were all higher in cases than in controls and significant for the

concentrations of urinary albumin (71.11231.1 vs. 7.3713.65 mgfL, p=0.0006),
creatinine (175.4%92.1 vs. 141.2171.0 mg/dL, p=0.0035) and potassium ion

(38.7£22.9 vs. 32.1%15.8 mmol/L, p=0.015).

Among the 22 ultrasound measurements of the common carotid artery, only
the average plague score difference between cases and controls was significant.

There was no plaque found in controls, while the average score in cases was

0.03710.219 (p<0.0001). We also found a significant lower left ventricular

injection time for cases (297.2+17.9 vs. 304.2116.3 ms).

The above referred results were all derived from univariéte analyses, with
few bivariate analyses, attempting to identify potential factors associated with
hypertension for the participants in this year one follow-up study. We expect to
have a larger sample size in years two and three of this study and to perform the
analyses using stratification and multivariate models. As of the year one

preliminary data, we were already able to identify obesity as an important
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anthropometry indicator associated with blood pressure for adolescent and
young persons. Data analyses also show that waist measure is a more sensitive
- indicator than BMI is. Cases may be more likely to have kidney problem and
left ventricular abnormality. With the year one experience, we will be able to
recruit study subjects simultaneously in Taipei and Taichung areas in year two,
and possibly in Tainan area if instruments are available.

Baseline Data Study

In addition, we also conducted studies using the baseline data. As of
November 2006, we have participated two international conferences to present
our findings. One poster presented at 2006 American Epidemiology Congress
entitled “ Risk Factor Associated with Proteinuria among Children in National
Mass Screening in Taiwan” in June 2006, Seattle. The other poster entitled
“Hypertension among Children and Adolescents from National Mass Urine
Screening Program in Taiwan” was presented at the 21" Scientific Meeting of
the International Society of Hypertension and the 5® Scientific Meeting of the
Asian Pacific of Hypertension, Fukuoka, Japan, October 2006. The latter article
was presented by the doctoral studenf with this study. He was awarded as a

Young Investigators Fellowships at this conference. Both articles are attached as

appendixes I and 1II.
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INTRODUCTION

Screening for asyh‘iptomatic proteinuria, glucosuria and hematouria is
generally considered not productive because of the transient and benign origin.
However, urinary mass screening programs have been conducted for children in
Japan for the prevention of renal diseases since 1980s and considered as
cost-effective. In Taiwan, mass urine screening for school children also has been
conducted since 1992 for several years to identify childhood proteinuria and
glucosuria. This study investigated proteinuria cases found during the period of

1992-2000 and the factors associated with proteinuria in children.
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METHODS and MATERIALS

With the approval of the Taiwan Provincial Education Board, the Provincial o
Department of Health has supported the Chinese Foundation of Health to
initiated urine screening for all school children of approximately 3,000,000 since
1992-1993.

Children collected and delivered to school the mid-stream urine samples of
the first urination in the morning after 8-hour fasting. Samples were transferred_.
with refrigerator-car within few hours to a laboratory for test with
Hemscomistrix IV urine strips. Students with positive results received a second
test with the strip within 2 weeks. For those with the 2nd test positive, students
received a third urine test and health examination including fasting blood
specimen. Total protein, _al'bumin, A/G ratio, BUN, creatinine, ALSO,
- complement 3, total cholesterol, Hbs Ag, IgA and blood glucose were measured
by automatic analyzer (Technican RA 2000 serum Autoanalyzer). The students

were advised to seek follow-up care with their physicians.
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RESULTS

Overall, there were 609 boys and 490 girls were identified with severe
| proteinuria with 443 (40.3%) students positive for 3 and above tfmes (Figure 1).
The prevalence rates were 1.6% in boys and 0.8% in girls among urine
screening positives.

‘ ;I‘a:ble 1 shows the blood pressure distribution for all participants and students
“with severe proteinuria. Blood pressufe increased as grade increased and more
prevalent for higher blood pressure in boys than in girls. Students with severe
proteinuria were about 2.5 times more likely than all students to have elevated
blood pressure. A large portion of students had a high level of total cholesterol
(Table 2).

The multivariate logistic regression models in Table 3 shows that boys were 2
times more likely than girls to have severe proteinuria. Opposite to the finding in
Table 1, higher grades were at lower risk or severe proteinuria. Hypertension,

elevated C3 complement and total cholesterol were significant factors associated
with severe proteinuria. The odds ratio associated with the elevated total
cholesterol was 152.5 (95% confidence interval=85.5-272.0). Students with
abnormal renal function history were at 6.4 times higher risk for severe
proteinuria.

Follow-up study

By 1998, among 573 students found with hematouria (n=348), light
proteinuria with glucouria (n=28) and severe proteinuria (n=197) received
follow-up diagnosis by Hsieh et al. They reported for these students with
diagnosis of systemic lupus erythmatosus (n=169), IgAN (n=61), IgMN (n=38),
hepatitis B virus associated nephropathy (n=13), purpura nephritis (n=10),
rapidly progressive glomerulo nephritis (r=7) and benign hematouria (n=40).
Follow-up care was provided. Unfortunately, 5 students developed end stage

renal disease.
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CONCLUSIONS

In this study, we observed hypertension, higher C3 complement, and
cholesterol predictive for severe proteinuria. Children with proteinuria have a
high odds of having high cholesterol level. Importantly, BMI is not associated
with the abnormality. This study also provides evidence that a large proportion
of students found with hematouria or severe proteinuria in the mass screening
are abnormal renal function associated. Follow-up care for positive students is

important in the strategy of renal disease prevention.
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Table 1. Distribution of blood pressure among students with urinary scrcenmg
positive by grade and sex in Taiwan

SBP/DBP .
<130/<85 130-139/85-89 =140/=90 P
% % %
1-3 Graders
Boy 5358 97.4 1.3 1.3 0.011
Girl 10278 98.0 1.1 0.9
4-6 Graders
Boy 9394 92.8 4.0 32
Girl 20286 94.2 3.5 2.3 0.001
Junior High
Boy 18253 82.6 9.7 7.7
Girl 24115 89.3 5.9 4.8 0.001
Senior High
Boy 5036 71.5 14.2 14.3
Girl - 6359 86.8 6.7 6.5 0.001
All students 99082 89.7 5.6 4.7
Severe Proteinuria 1099 72.1 13.1 12.8

*Chi-square test
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Table 2. Distribution of total cholesterol among students with urinary screening positive by sex
and grade in Taiwan -

Sex Grade "N Mean + S.D. 10% 25% 75% 90%
Boy 1-3 Graders 6156 177.0+44.2 o135 151 193 221
4-6 Graders 10584 171.6 £ 41.1 131 146 189 . 215
Junior High 20118 157.7+£34.0 123 153 173 197
Senior High 5610 161.4 £ 38.5 123 137 178 205

Girl : - - _
1-3 Graders 11804 1742 £ 350 136 151 191 215
4-6 Graders 23153 168.0 £ 33.0 132 146 185 207
Junior High 26630 168.0 + 34.0 131 146 185 209
Senior High 7176 171.8 £ 383 132 147 189 216
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Table 3. Odds ratios and 959§ confidence intervals for proteinuria
measured by multivariate logistic regression with associated factors

among students in Taiwan

Variable OR (959% CI) OR (95% CI)

Sex

Girl 1.0 1.0

Boy 2.61 (2.11-3.21) 222 (1.79-2.76)
Grade

1-3Graders 1.0 1.0

4-6Graders 0.63 (0.48-0.82)  0.61 (0.46-0.81)

Junior High 0.46 (0.35-0.61)  0.46 (0.34-0.61)

Senior High 0.61(0.43-0.87)  0.56 (0.39-0.80)
BMI, Kg/m*

<20 1.0 1.0

20-25 1.19(0.93-1.52)  1.13(0.88-1.45)

>25 0.48 (0.33-0.70)  0.50 (0.34-0.73)
-Hypertension -

No 1.0 1.0

Yes 2.73(2.03-3.67)  2.52(1.86-3.42)
C3 Complement

>67 - 1.0 1.0

=67 4.93(2.93-8.29) 152.5(85.5-272.0)
Total Cholesterol, mg/dl

<200 1.0 1.0

=200 191.5 (107-341)  152.5(85.5-272.0)
Renal Function

Normal 1.0

Abnormal 6.44 (5.07-8.18)
Family history of renal disease

No 1.0

Yes 0.77 (0.45-1.29)

OR : odds ratio ; CI : confidence interval
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Introduction: Hypertension is an important risk factor for cardiovascular
disease (CVD). With increasing incidence in adolescents and young adults (aged
15-24 years), heart disease and cerebrovascular disease have become the tenth
lethal causes of death among yoimg population in Taiwan. Hypertension is
usually considered as a disease for middle-aged and elderly people and obesity
is an important risk factor for hypertension. With the increasing rate of obesity,
hypertension has become an important medicél problem in children and
adolescents. To our knowledge, there are limited studies on the characteristics of
hypertension among children and adolescents in Taiwan. This study investigated
the risk factors associated with childhood hypertension in Taiwan.

Design and Methods: A nationwide mass urine screening program for
glucosuria, hematuria, and proteinuria was conducted annually in 1992-2000 for
approximately 3,000,000 students of 6-18 years old. Students with two
consecutive positive urine tests received a third urine test and physical
e_xarninatiohs (Figure 1), including blood pressure measures and blood sample
tests. Fasting blood samples were collected for measuring total cholesterol,
creatinine, blood urea nitrogen (BUN), C3 complement, and antistreptolysin O
(ASLO). We identified 5,792 hypertensive students with the criteria of blood
pressure classification for children by age. A nested case-control analysis was
performed to compare with 5,792 non-hypertensive controls randomly selected
from 98,048 non-hypertensive students matched with sex and grade.

Results: Compare with controls, hypertensive students had higher proportion of
high (=27 Kg/m?) body mass index (BMI) (13.8% vs. 3.1%, p <0.0001), high

(2300 mg/dL) cholesterol (1.7% vs. 0.6%, p<0.0001), high (=23 mg/dL)
BUN (1.6% vs. 0.9%, p=0.0002), high (=1.3 mg/dL) creatinine (17.7% vs.
16.1%, p = 0.028), and high (=5.0 mg/dL) albumin (6.3% vs. 5.1%, p = 0.0001)

(Table 1). The multivariate logistic regression analysis showed an odds ratio
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(OR) of 7.04 (95% confidence interval [CI] = 5.87-8.46) for hypertension in
students with high BMI (Table 2). High cholesterol (OR = 2.54, 95%CI =
1.71-3.79), high BUN (OR = 1.73, 95%CI = 1.20-2.49), and high albumin (OR
= 1.24, 95%CI = 1.05-1.47) were also associated with hypertensive risk.

Conclusions: Our findings indicate that obesity (BMI =27 Kg/m®) is an
important risk factor of childhood hypertension. Total cholesterol, BUN, and

albumin are also associated with childhood hypertension.
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192,213 students with urine test positive
A

189,079 with ID 3,134 with no ID

h d

128,413 positive at third test

y L
103,852 with correct
SBP and DBP

v
24,561 not included: 17814 missing data;
6,619 SBP=0 mmHg; 9 SBP > 250 mmHg;

103 SBP=40-250 mmHg but DBP <30 or >150;
| 16 SBP <40

hd

12 unknown grade | {103,840 with grade

6-9 years : SBP =122 or DBP =78 mmHg

10-12 years : SBP =126 or DBP = 82 mmHg
13-15 years : SBP 2136 or DBP = 86 mmHg
16-18 years : SBP =142 or DBP =92 mmHg

v
5,792 are hypertensive

A A

98,048 are non-hypertensive

Frequency matching with sex and
grade selected randomly

A

A 4
5,792 non-hypertensive controls

Figure 1. The screening process of hypertensive cases and controls
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Table 1. The comparison of clinical characteristics between cases and controls

Factors Cases Controls Total p-value
N=5,792 N=5,792 N=11,584
Sex n (%) n (%) n (%) 1
Male 2391 (58.7) 2391 (58.7) 4782 (58.7)
Female 3401 (41.3) 3401 (41.3) 6802 (41.3)
Grade, years ' 1
<3 1171 (20.2) 1171 (20.2) 2342 (20.2)
4-6 1468 (25.4) 1468 (25.4) 2936 (25.4)
7-9 2834 (48.9) 2834 (48.9) 5668 (48.9)
10-12 319 (5.5) 319 (5.5) 638 (5.5)
BMI, kg/m* <0.0001
BMI< 18 1840 (32.2) 2621 (45.8) 4461 (39.0)
18 BMI<24 2605 (45.5) 2687 (46.9) 5292 (46.2)
24< BMI<27 483 (8.5) 241 (4.2) 724  (6.3)
BMI =27 791 (13.8) 176  (3.1) 967 (8.5)
Cholesterol, mg/dL <0.0001
<200 4691 (81.7) 5096 (88.5) 9787 (85.1)
200-249 809 (14.1) 564 (9.8) 1373 (11.9)
250-299° 145 (2.5) 60 (1.0) 205 (1.8)
=300 97 (1.7) 37 (0.6) 134 (1.2)
C3 complement 0.4371
>67 . 5703 (99.4) 5728 (99.5) 11431 (99.5)
=67 34 (0.6) 28 (0.5 62 (0.5)
BUN, mg/dL 0.0002
<23 5646 (98.4) 5708 (99.1) 11354 (98.7)
=23 94 (1.6) 50 (0.9) 144 (1.3)
Creatinine, mg/dL 0.0281
<13 4725 (82.3) 4829 (83.9) 9554 (83.1)
=13 1014 (17.7) 929 (16.1) 1943 (16.9)
Albumin, mg/dL 0.0001
<4.5 3436 (59.9) 3654 (63.5) 7090 (61.7)
4.5-49 1943 (33.9) 1805 (31.4) 3748 (32.6)
25.0 359 (6.3) 295 (5.1 654 (5.7)
ASLO, IU/mL 0.7293
<200 3233 (56.3) 3261 (56.7) 6494 (56.5)
=200 2506 (43.7) 2495 (43.3) 5001 (43.5)

Missing data: 140 in BMI, 85 in cholesterol, 91 in C3 complement, 86 in BUN, 87 in
creatinine, 92 in albumin, 89 in ASLO.
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Table 2. Odds ratios and 95% confidence interval for hypertension estimated by
univariate and multivariate logistic regression

Adjusted OR (95%C1)

Crude OR (95%CI)
BMI, kg/m’
BMI< 18 Reference Reference
18< BMI <24 1.38 (1.27-1.50) . 1.51 (1.38-1.64)
24=< BMI <27 2.86 (2.42-3.37) 3.06 (2.58-3.63)
BMI =27 6.40 (5.38-7.62) 7.04 (5.87-8.46)
Cholesterol, mg/dL
<200 Reference Reference
200-249 1.56 (1.39-1.75) 1.28 (1.13-1.45)
250-299 2.62 (1.94-3.55) 1.96 (1.43-2.69)
=300 2.85 (1.94-4.16) 2.54 (1.71-3.79)
C3 complement, mg/dL
>67 Reference Reference
=67 1.22 (0.74-2.01) 1.24 (0.73-2.11)
BUN, mg/dL
<23 . Reference Reference
=23 1.90 (1.35-2.68) 1.73 (1.20-2.49)

Creatinine, mg/dL
<13
=13

Albumin, mg/dL
<4.5
4.5-49
=5.0

ASLO, IU/mL
<200
=200

Reference
1.12 (1.01-1.23)

Reference

1.15 (1.06-1.24)
1.29 (1.10-1.52)

Reference
1.01 (0.94-1.09)

Reference
1.04 (0.93-1.16)

Reference

1.13 (1.04-1.23)
1.24 (1.05-1.47)

Reference
0.99 (0.92-1.07)

OR, odds ratio; CI, confidence interval
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RO B 254 1448 ERAVEH B - EHIFRRALSE
BHEWE > 6RILERFVFEMHABRTEFLTRFEE HMEEG,6) - X
BR46 66 S & (12-15 R)ACHF B AT R 1982 HF465 10.1% > L% 1988
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&9 £ B & & #1 % % ¥ £ (National Health and Nutrition Examination Survey, -
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NEFRMBATER 24% 0 mBEKR T-13 RAERIABTREH 1981 £
5% % %] 1996 £ Bty 17%R K 15% » g T 3 42(9)

M2 ZERMATRYm  HoBHk 4% £i/bey % (R4, RIO)
£B 23 A& 1988-1994 & 1999-2000 F (S} i@ M R B LA HSE
(NHANES) + 8%, 8-17 % 8 5B EBE8 « WA BB EL
%% 7T 1.4 mmHg(95%T 45 fR % 0.6-2.2 mmHg) » ®M4FEBEF5 T 3.3
mmHg(95%<T 15 k& 2.1-4.5 mmHg) - MmARIE 2002 F&938 5 » £ B4R
10-19 %2 & & nBETHEGE 45%10,11) A RMEELERFTVED
o B BLACREF — K ) M5 0 2R Mk o H4e Lin et al.(12)F % 136 42k &
=BT 0 X EARIk E (coarctation of aorta)fv 2 & M 4 B IR B (systemic
lupus) R B TH > BHAETCAR - .

BEOF LGB H B BRI BTN o0 &R T 5 B (body
mass index, BMI) ~ #fE B8 - S FRBEE - AEEBEEBILESY -
BB LR R ERE D EHE - AARS ARG LEEH - TR
HARBEFERERZE FMAVERLBROMERANLERS A -

B EAT #RBMH A2 A 2L €(The Chinese Foundation of Health,
CFH)4 1992-2000 £ M $#76BE P N SERREKR  wAEES ~ &
BioBd c BEGHARU LSBT EEZRBeAR¥EmMRE > &
#HEH REFABEINERS - LREFANRLRAILIHE - Bitikn)
H 12630 B£ A F ZaBREGAEG o BRIET S LB HM S 0 /R (essential
hypertension)#o b $ =k % 14 & 42 & (secondary hypertension) + & £ % # 549 &
PRE - AMAEHCRERBATREN  EHAZSEIEAER > BaE
TG o

ARMAARBEHEBE T N LLERRBREH > KBS 0BEL
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Significant .
Age hypertension Severe hypertension
(mmHg) (mmHg)

6-9 >BE =122 >130
_ DBP =78 =86
10-12  SBP =126 >134
] DBP > 86 > 00

EARTMM VSR aBRERBRENLERRBLELEETH LT
B ABFERFHZRE > S@IRGALYEBRAES TRBEH LG T
HIREET  UHEREASERERTUBEE R - 28 E R B8RSR
RALBHL L RERXFEEUEHFLEED IRV ES R
BEHRRENTEMEDPIRLES - £ 732 GEHRE S EETHITHR
BE 704 40 E A 214 @G0A%) B EREE L T8 > 20 (2.8%) 5 8
RIS 0 150 4(21.3%) R A BB L H M 0 163 (23.1%) B S H P LMEE
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BTV ESHBERERE - AMARE IO EERAAT T8 0P
FRNDEE BERTEBBATREEN - ARE2 W ANGhA S
RERAREGNEAEE  BREREIATRINEE » 2B ETR
bV EFRBERRENNEONE  EERE(AESE - BE - BEHA
BERF) - £ B(E M % & &%) - Dynapulse n’n.fﬁ TR~ EHRAL TR
B BBUE - AERNE BRI E S5 A 045 CAVI £ % 8 M Fo Colin .
FRILY
1L E .

OfEgS BE-RE-FE - WER - FREY -

Elements of survey and examination in the childhood hypertension study

Demographic Variables sex, birth date, ethnicity, education, religion, occupation,

parental SES

Lifestyle Factors smoking, alcohol, tea/coffee, betel nut, exercise,

Personal/Family Health History hypertension, diabetes, stroke, CAD, heart disease,

arrhythmia, rheumatism, lipidemia, etc.

Blood pressure/Anthropometry weight, height, skinfold, bellyfold, etc.

Physical Examination heart, lung, extremities, other chest / heart /cardiovascular

exams

Ultrasound/electrocardiogram  2-Dimensional, M-mode measurement, Color and Doppler

mapping, echocardiography, carotid

Blood/Urine chemistry Lipid profiles*, uric acid, blood urea Nitrogen, creatinine,

pre-albumin, Blood cell count, renine, sugar, electrolytes
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Laboratory measurements and methods used in the childhood hypertension study

Specimen Measurement Method
Blood Total cholesterol Enzymafic [ Allain et al.]

Lipoprotein phenotyping Precipitation [ Wieland et al.}

Total Trigtycerides Enzymatic [ McGown et al. ]}
Blood count Counter [Henry et al.]
Electrolytes ISE (ion-selective-electrode) [ Lustgarten et al. ]
Proteins Biuret [Kingsley]
Apolipoproteins - Turbitimetric immunoassay [Rifai/King]
Lipoprotein (a) ELISA [Fless et al.]
Glucose ' Enzymatic [Banauch et al.)
Urine Electrolytes ISE (ion-selective-electrode) [ Lustgarten et al.]
2EBRE -

Rk E @%?&é—é & (total protein, TP) ~ # & % & &
(microalbumine) ~ LB & (creatinine, CRE) ~ & & & 3} #f % (albumin excretion
rates, AER) * #8F(Na") ~ 678 7(K") - §L8-7(CI) - FH(urine glucose) -
b’k @ (urine protein) 4 & -

3 bigE

fo %M & 78 B 6,45 & S 3K (white blood cell, WBC) ~ 4z 2 3 (red blood cell,
RBC) ~ 1 & % (hemoglobin, HB) - fa /s i (platelet) ~ =% ¥ 4 5 (neutrophil) ~
"% Bt M 3§ (eosinophil, eosin) ~ =¥ i+ 3 (basophil, baso) + # B 3 (Ilymphocyte) -
¥ #% ¥ (monocyte) ~ 48 f& [ &% (total cholesterol, TCHO) - & % & B B &
(high-density lipoproteins, HDL) - 1& % A& A% B 8% (low-density lipoproteins,
LDL)~ = & # i A (triglyceride, TG) ~ 484 F(Na' )~ 78 F (K~ £L8: F(C)
%% 9 g (total protein, TP) ~ & % & (albumin) + 3% & & (globulin) ~ £ &% (uric
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acid, UA) ~ /k % R (Blood urea nitrogen, BUN) - AL 8 &F (creatinine)
glutamic-oxalacetic-transaminase(GOT) ' >
alulamic-pyruvic-transaminase(GPT) - fv#%(glucose) + B & % (insulin) % -
4. Dynapulse & o R & ) : |

4. /8 % &y Dynapulse(E B o /B 3 Bk # )(Company: PMI » SanDiago) & K 4
oo B 3t % 48 T A ] & B4F - Dynapulse® & Fl — fx & £/ ¢4 £, B (Cuff) > e ik
B SEBEKR - HFL RABEIBATHEIHRE » BEFRE
BREOBYME - ERFBRABBERRSG  ABEHRERE  0RkEE
R 0 BRAAE LBOD o ERREA B BB AR
T MRIEAS BB A MR FH Ao K - Dynapulsesy Motk (£2
mmHg ) #7048 680k shAt o Bt REF o Beh B UFEARG TR R
BTERCEFEMARTERSEN  AYNGRLBACKE LT ER L
%#%Wﬁﬁﬁ°ﬁ%ﬁﬁﬁ@ﬂﬁ%ﬁﬂﬁﬁ%ﬁ%%&@#ﬁﬁ@j
UEAMMAREEY - LRHFEARET > PHAKRER L2581 > B
ETAERRE  AEUFERFALE - BHELEMRERR > HFRERE
b25-4% o
SHEMRAR TR -

SASH kA AT A B9 44 %5 % Sonosite Titan (Sonosite » Bothell, WA)
R &R B €45 ¢ 438 ) Bik(Common carotid artery, CCA)# E3 B E R E A B
& - AEHAk(Internal carotid artery, ICA) ¢+ EEHEREE ~ SRk
AR 2R 8 Ak (bulb) &9 P39 8RR AL R - % MR AL 4 $ (plaque
score) ~ SH Ak o B A ¥ & & & & (intima-mediate thickness, IMT) % -
6.CAVI o 23814 F ) :

CAVI(Cardiac-Ankle Vascular Index)(f%#%: Fukuda Denshi, # i .25
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Japan)#yifl & 70 B .45 B3R/ L4 £ B it (ankle brachial index, ABI) -~ B8
AAF BRI (pules wave velocity, PWV )« ABLR #1187 th #1854k #1131 e
WTREAKE ~ BEGHER - ABIFBHREE ¥ EE A09<ABI<13,
ﬂﬁmﬂﬁ%ﬁ%ﬁmg%%%’*wwmﬁﬁﬁﬁﬁ%kﬁﬁﬁdwv
RAVGERRA ~ S hERAEE B0 HAOSIRERCEEGHIE - PWVR
B 15 & 1400cn/s > A2i81400cmy/s#h » BAEAD + KBS ~ o o 40 2 5 0 LR AR
R R B R RAFTRRIEIE o
7.Colin . & M F 3| :

XANEENRET]  UARBTRADER L  EH8%EFE
B mEEHBERFL 2225 C-RENAARLAENE - AN SN S
RUFM2IRRIR - XAEFERERYFHFARS  RG—# K -
FERTHFLRT  REZFHEMBORE - AEHMLY 3 548 2
TRBRTRABRAETHLUEZL TR URANEF 2 EREH L7
HHCHE - RETEPLAULF B S REYFRENE - 2HARE
MAELEEBRLERE  BAHGRBNERAR S £ 2R AL EE
HAUFE MM - BARRTEEHMME -
=~ BRARERH

BIVEREFGPIETRR D £ 5 0B E THMAEXCl B - 4
HECHFTRWA LR H— BIFEA LGRS # (frequency distribution)i
T RAFSEAGHME AR OUKE - BIBEBEF N BEAE S0
By 0 S RABBIE T a6 FI M S BB R4 SR EHE -
AMAMERLASHILBRAGI R HBOER - AR F T RERIFEAS
F R F & fo B & B4 ¥ 69 38 .5) 9 i (categorical variable) » bL3% 7% 5] 4 52
HBALEMELANTHER - AGR YR EBRBERGZENE o

I
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SBP= 140 mmHg % % & & ~ 475k & 290 mmHg % & £ & - BMI=27 Kg/m’
BeRt ~ BE(BH290 om s 4280 cm) AR « BBAL(B 209 &
P =0.8) B ABREFE o Stk E(t-test) R IEE R F MR R 2 Ll eh i sf M B 0F
(o B ~-BMIRLBEEBRL) FHBZ 2R - BB ARRANAFL A
AREGAR Mk Bl ﬁ-%;’;}#ﬁ(analysis of variance, ANOVA)# 31 & &
RUEBAEOH @ REURHBEA-AME AN SR PHEZLE -
FARETZEUApE<0O0SHHR AR -
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8%
— s KD EC B RE NS TR
(MF IV FEAEH

22006 4 10 A0 %% 26 AR S HaBemint £ tasa
A 163 f(%)(k 1) - Al aay T3 5a 5 19.743.1 R H B ey 20,9443
B9 (=0.053) - B FRARW > A5 0L IBA LU LHF oLl
- HBAaRFAG%E 73% 0 p=0.014) - B ARE - 2-5 REFRD - BE IS
AR KE ~ %}E%Am&&%%éﬁ@fi“ﬁ%% RAeERERMYBBRELR -
= AEMBRKREIE L

&2 ;@Eﬁ?«ﬂ%ﬁ’l#ﬂé@:}é%btﬁdﬁiiﬂﬁﬁﬂﬂiﬁ%(14.1%% 6.3%) * 123 R 88
$(p=0.1067) « BiE - LK REHH AR AMA LA BHE LR o LY
b BEABAN BE KR MAECHED - BARA - Ak
ek FBMBER > Y RBEENER(LI)

4 BRRasERE MBIEFBERR - Sk~ 8B R B A
Yeym Gl SN HBE L REE - R A TR L e &
HRET(9.2%4 1.6%  p=0.0464) > MHA S RARE FERRCIIZESE
i o
(DIRBGATLEH « 4T E e B thi

R A XMLBREHT AT I LB HRBABKQLT%YH 28.8% -
p=0.025) - ERMER GLAMEGE 7L 541.4%% 31.6% » p=0.027) ; &
&% MEABMIARGAMASBELE - 3 - BE - HHBH 2
BERART LR EVAATAMBBEELA(RG) - RAXBUBERR
B BRELEBRELR
(ZYERGATETH - £ F R EfRE b
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B FRLTBAEULIHTH LR ERER  EREZ(12.4%
¥ 23.7% p=0.076)(%k 7) ¥ -~ 5% M E -BMI - AR EEHGNE R
BZER - AERNEHB(RS) AHARN BN - BB - BHEK
BHYVERATLFAFIBREEBMELE - RAAERESLBR LN
P {5 5 24 B8 4 R AE 5 (16.1% % 5.1% » p=0.040) » {248 f % 3 45 o 4 P A &
BREZEZR o
—~B2gKE

2O BFVFEAPRENSE  AHERHBRETHESARES

BE¥ £ B {2k aey BMI(23.5£5.3 # 22.244.3 kg/m’ » p=0.0532) ~ ;& [§
(75.7+15.5 #} 70.1£11.2cm » p=0.0034) ~ % [ (96.6+9.5 # 94.3+8.1 cm) ~ &
B (0.78+0.1 # 0.74:0.06) ~ w45 & (109.8£17.7 # 102.2+12.9 mmHg >
p=0.0005) 5L & 47 36 /& (71.814.3 % 59.8+11.3mmHg + p< 0.0001)2 F-34 4 %
BHBERES -

EEES AR IMANN > BAMEILEBAFBEOREL
(0.83+0.07 # 0.79£0.05 » p=0.0107) ~ ¥ % /& (121.0£18.7 # 112.4£103
mmHg » p=0.0103) 24 & 4776 & (78.9+14.9 #f 66.9+11.3 mmHg » p=0.0008)#4
T34 0 LR plaaENHRaLE 856 EE (7131149 ¥ 65.2+8.7
em > p=0.0028) ~ A [ (94.6+8.3 # 91.8+7.2 cm » p=0.0551) ~ F& & 115(0.75+0.12
# 0.7120.05 » p=0.0036) ~ i 45 & (103.6+13.7 #} 96.4+10.5 mmHg » p=0.0030)
WA B AT R B(67.7£12.2 #f 60.3£10.7 mmHg * p=0.0009)% -

% 10 5 0B 5 5 B % B~ &0 RATH] R IE W £ 8 BMI 4 % <18~
18-23.9 ~ 24-26.9 & 27 kg/m’ » 2 ~ B R ARA LLAUAALE - BolEA
% o SR B F o JR AT #8 & tb ) 98 R 5 4 BB 41 (8% ¥ 0% 0 p=0.0065) ° B %5
48 B ] 38 K BE R (23.9% % 7.9% » p=0.0065) & & B tb 38 & BE Ak (19.6% %
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4.8% p=0.0056) &) Lo A2 s H BB B RAF B - X B BMI ) H s Bg 2 £ B
{2 BMIZ27 keg/m’ B 7] .64 % s R 2 47 % A 2 B 2118 75 (20.9% 9.5%) o

UEHBHFDFRLRES B2z m B E(k 11) %6 8y
BHBS  ROIAAHBag R -BM - BB REY bw 5 aiEH)H &
B 2 R (& 12) R A4 5RE(D<0.0001) £ 52 B (p=0.017) & v 44 36 477 B
Amplaignes o |

RIBBTKER - 47%RE -BMl BER BB EXHE 2 NG ARE
M BRI RORABRERE YA EEGEN - & 14 BRelan
HBEWOBRRBREAtHRTZHB ST T 4R 6 T 3 N TR Ao 4T 3R B A1
BHBaw® AT RAHBEAH BMI<I8 kgm’ 05 4 0k 45 8
(103.0+8.16 %} 89.4+4.39 mmHg » p=0.0027) % BMI=27 kg/m*(117.3+18.5 %}
107.3£6.59 mmHg » p=0.0250)%% - BREBAXBERBAGE LV F » mila
HRGER S RN HBE - BRI A BESE B EIsE (109175 mmHg )
By $ R (101.9+13.2 mmHg ) « £ BMI=18-23.9 ke/m? 8% » 7% 49 42 6 4738
B 42%(69.4£14.4 ¥ 62.7+11.9 mmHg » p=0.0063)& BMI=27 ke/m’® &% 1
BEH BRE BG4 RB(79.6£14.6 $ 64.8£11.2 mmHg » p=0.0244) - i &
BERBRABRGAS ML 6912130 mmHg » & 7 4 B i &
62.0+11.4(p=0.0004) - MIEH L £B T MRPIAZ YU ERLZA Y B
((70.7+14.4 # 62.5£11.5 mmHg > p=0.0001)
AR X[t ]
(—)fosk i &

ZISthBREBHLBRSTHE - T R 4013 dn 3k B AR B R R
4L18(86.427.1 # 88.5+5.6fL » p=0.025) » B ik F (0.3420.1 kL) #x %
B (031201 kpL) BHAEBEE LB - Aibdo & bk ~ bodik - do.)s
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o E PR E MR ERERAKCHKENLILER  $E&IT L
BEER - |

R1I6 B HEZ aR AW THE > B AERSH B4 bR
B(96.7+111.96 % 73.2434.6 mg/dL » p=0.0171) ~ 4R AT fo b F- ) {8.(93 3437.2
mg/dL ¥ 85.8+5.9 mg/dL + p=0.0144)Fv Apo-A1(139.2+21.0 ¥ 132.6+14.2) -
R RN BEGQREN  SEARA  REEREDE  MET -
SPEET  RBET -REOE -6FS -HEG -EOthE - K& FER -
MEEET ~GOT~GPT B %% - AR Apo-BiE BRI EBEE £ 4 -
(D AmEE

ABBT BB R AL HBRAaBERGHMEE G(71.1£231.1t
7.4%3.7 mg/L » p=0.0006 ) ~ ﬂJLE‘iﬁ’r(17Si92 # 141271 mg/dL » p=0.0035)3% &
G & Q3 il £(65.84258 # 5.6+2.1 mg/g » p=0.0035) - sadEF R E R AL BT
RERATFHEEREMEZTEREBENER  anplaeiRTFREET
B A BRE S IR 4065(38.7422.9 # 32.1+15.8 mmol/L » p=0.0146)
W RBmE
(F)RAH BT AR E

EBRGHMRB TR BELEREE ) RlafHBay LB Eie s
BEEZR QWL EBREHK0-lcm FHEE - HABEHHIK 0-lcm $HEE
LB T ER - ENBESHRTHEE - SEHEEHMK 0-1cm
BABRE - FHEHK 1-2cm RABRE - @SR AR E AL E U
RAENBEGME AR E -

ERG AR E I ey T RplaRUBaTREELR -

AR ENTEEEELEBEER - 25 AEHREL
Ry B S B 4(0.037£0.22 # 0 9 > p<0.0001) -
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(Z)CAVI & # i #r & |

RI1OBH D EHaBRIRE CAVI B EH R+ 75 5] f10 5 1B A 815,
b5 E Sk d B R ML IE AR 2(6.305140.8893 # 6.5811£0.8258 > p=0.0342) & %
Xy hk o B 045 4R 2(6.3770+0.8218 # 6.61270.7928 » p=0.0523) %75
AL RIAEIIEAR |~ AIRIBLIIEAR 2 - AIRIFRLIRISAZ |~ 220 20BL
WAER 2 PHEGIRATBMIEIE R TR S S AR
R N o
(=)Colin o & B M A&

#% 20 % Colin BB MMEL R - B A6 ok Z FAME B B3R
B~ SHREARIMBFERE - CHREABRYRERERE 5854
RUEBBOBERE - EHZ ARG RS RE - £ RIS -
ERFLEBERAB BRI EHENE B R CHEELLE -1
BTG R b A B R R A ) BE E R 8 B (297179 ¥ 304163 ms
p=0.0076) - |

E-hAEkaa - hfiaRHRan b

RO BRBBREREH)F 163 A £ 10l R AREEHH » 62
RELGE - R2LBAZOE wRARHBEAELHRELE - b5
EHRETHMER 7785177 om» BAR Gty 74.4+14.0 cm B ¥ 8 g &
70.1£11.2 cm #(p=0.0130) - FR bbb R ok 41 5% %(0.801%0.149) » H =k 2
& G 4(0.767+0.084) « #] # 4(0.74+0.06) » = RIH BA % £ £ (p=0.0043) -
HCHE B (23] B 114.5£20.4 ~ 107.0+15.2 & 102.2+12.9 mmHg » p=0.0002)g147
TR (55 B 74.0£14.4~ 70.4£14.1 & 59.8+11.3 mmHg > p<0.0001) & fo
aEnhkEOAREBA -

R EER(E 22) RAEHERMERT S LS 0.526£0322% » 24
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¥ EnRE G 041320.233% & $# B a4 0.47+£0.31%(p=0.0464) - % fk &
Qe BRI E A 0.34920.112 k/uL » 3 ff 40(0.333+0.111 K/pL)R H B @
(0.19+0.14 k/uL) & (p=0.0431) -

WA 23 Tohkaae) =B HdiER 108221365 mg/dL AMZH &
Frtath 77.9£46.3 mg/dL R $ 88 4a &y 73.2434.6 mg/dL(p=0.0403) - M o Sk 48
b do Bk F BF3R B (12.8+5.7 mg/dL)# fk & & @(11.242.7 mg/dL) & #1 E3
41(11.422.8 mg/dL) R A% % (p=0.0349) - 4R AT f 48 P34 1 & R o Sk I B 0 A
& & 58 (5 %) B 1.2320.61 - 1.09+0.39 & 1.03£0.18 mg/dL > p=0.0341) »

BB EER F(R 24) afkm(74.73:251.8 mg/dL) W Bk P & & Gk
Boskd H H B 4a(7.3743.65 mg/dL)% % - 12 3£ K AR # (p=0.0933) - Mk & &
B ET R R r‘%%mﬁiﬁaﬁﬁﬂaﬁﬁ(fr}zd % 181.3£98 - 165.7+80 %
141.2£71.0 mg/dL » p=0.0171) ©

A B#RigE & R(% 25)

REGE - kAR RS BENI 0-lom T - 5 BAH
Bk O-lem P34 BE - FEGHIRKBIFGHRTHEE - ENEHKFHEE
HBEEIK 0-lem XK E K ~ HREHIK 1-2cm RARE - HEE KM
MERBRALE - ENEHREALE - £4EHEHK O-lem FHRE ~ £
LIEENAR O-lom TIBE ~ AHEGRKBEGHRTFHEE - £ NAFHIKT
MBE -~ ZRFEHMK O-lem RAEE ~ ABEHMRK 1-2cm R XEE ~ 25
PR GREARBEURRAENGHREAEEFHERBEEZ LR - &
FOMR kA BEREILR S EHZNEHRBE > EREAZE(0.1417) -

F2260 520 CAVI B BHHEELFR 2o b G BMHH
BRI FEHRaTREEE2 - AXHRaTREERZ ] AXHKhE
BHIER 2> HRIOBLIIER 1~ HRIPBEIIEAR 2 - AR IFER 1~
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ERIBIER 2 FHEGRLEBEIIRUR PRI ES I &
BEER | N o
Colin e #RMMELRF & —R CRBEFIMANLIRE -
MELERAABERE - CHELRFMARERE - 55 24P
OB ERE £ B ARIMANRERE - RIS - £ 137
MIMBERABRBERHBESMEBBRELE - O HBOE R R Y5
EoRREOaR oA
(7% % 304£16.3 ~ 298+18.1 & 295+17.3 ms » p=0.0088) o
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B~ ity

FUANANALERRAGTERE AL FRRBALBRERS - &
MEBAAMBENHBABAEF QGRS  RelAl5BRR  Hafs
HGHAPFAHEERBELR - RRANKERAGREG S RBAEEH
B e o b3 A S 5 B (p < 0.0001) & 4735 (p < 0.0001)% M © SRk 45 i
BHABEOAA D LR ERBERIT)  GARLLREE B ELE
REHF AT ot H B a1R(55.2%% 73.0% » p=0.0142) A U R3tEH
FREBRE-ZHAM LR EHEAHT VERFEAOREA L5
X MR ERREUAERERRIN A HELE - R E WA BELER
o BAM6) RALARRTLEREFLEALEERREIAMBHE LR -
AMREHEFRECH B BROAKROLT) 25 ARy B etk @
BREHBEEEMELE  —FGABARARAN > H—FHADA
FOHEGBABRBER TR BB FNAREABRS LS -

£ 163 Mol da & o B AT RI ehB Bk 0 B AT B 6.1% » BB 80 2
FTREEBHO2%)  hBHBAMBEATERR VBN TARSHBRE
o EEARABOGHNG BT A% LEMEELR .

BABAELNLE  CETRALBENBAURF P EZLBEHE
ZAMRAT  FREMFHELE KPR BB EARRE - 2H
RERILAE BM E A MERETRAUORAMG - B IEHT
BBl K 24.4%6) F 2V £8P0k /R 113.3 mmHg » I EBREE S &
43 mmHg ; HRAA A EH S.0%ZEM - FHWHER KT 1.2 mmHg » R
WA A H R RS A 101.9 mmHg - 47758 9 M4 B 4840 + 269 B A Bk
G140 - MBI ETHRLRAIEEL > V43 0RCEHES
TR BREFAEACELERRBBRAMN » EEEE -
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15 -

RIE] 10 AR L REHG THIH  dREAT  LAZHBEY
MERA S » SRR~ RITBS 5B Db o R A0TE 8 LK -

BA MBI BT T F BB S BB E - R Ao
CRH RS o L A RRA KRR N R HE S HE AN - LA AR
AT EME 5] subjects BT 2 UMMM ARBEE FREVIHEAS
ZEH EHBELLIAKENB ) > AL EBRARFBEES GHR
B REGREEIRETISG > BB EEBRE L0 S
RESR > ABSTFHT RIS TEMAL TN FERS -
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192213 ¥4 B =R EARMETH

189,079 &5 & i8R 3,134 & 4 ik

A 4

12841318 A R MM EX| |32 60,666 £ &4 T4}

103,852 % & R T 24,561 AR 0 @45 24,433 B E A G K
9 i 4% /& >250 mmHg » 103 4735 <30 & >
150 mmHg » 16 # 45 & <40 mmHg

h A

12 %48 % 4o 103,840 F By F R Bk [ FECHEENAESBELR

6-9 years: SBP =122, DBP =78

10-12 years: SBP =126, DBP =82
13-15 years: SBP= 136, DBP =86
16-18 years: SBP= 142, DBP =92

A4 h 4

98,048 & 5 o & i 5,792 % & s B

»148 32

Ot

4

r

2,261 fibhk

65 & B
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Rl BN RBaA T RALEF L&

gtk S
N=163 N=63 N=226 P
£ & n (%) n (%) n (%) 02151

<20 77 (47.2) 24 (38.1) 101 (44.7)

=20 86 (52.8) 39 (61.9) 125 (55.3)

T34 19.743.1 20.944.3 0.053
PR . 0.9652

2 59 (36.2) 23 (36.5) 82 (36.3)

4 104 (63.8) 40 (63.5) 144 (63.7)
HABEE . B 0.2593

<2500 9 (5.5) 3 (4.8) 12 (5.3)

=2500 154 (94.5) 59 (952) 213 (94.7)

2-5 R A | 0.4791

i oIn 29 (17.8) 15 (23.8) 44 (19.5)

P2 115 (70.6) 43 (683) 158 (69.9)

Bk 19 (11.7) 5 (1.9 24 (10.6)
BEBE : 0.0142

B +/% F () 73 (44.8) 17 (27.0) 90 (39.8)

A2 L 90 (55.2) 46 (73.0) 136 (60.2)

o | 0.0588

&4 114 (70.4) 36 (57.1) 150 (66.7)

P 48 (29.6) 27 (42.9) 75 (333)
Hedm ik 0.2096
R 4 (24) 3 (48) 7 @3.1)

kiE 159 (97.6) 60 (952) 219 (96.9)

FRE A 0.2110

<5% 63 (40.6) 21 (33.9) 84 (38.7)

5-6.9 ¥ 44 (28.4) 14 (22.6) 58 (26.7)

=7 % 48 (31.0) 27 (43.5) 75 (34.6)
£ RA B %5 R0k 0.5872

H 84 (51.5) 35 (55.6) 119 (52.7)

F-3 79 (48.5) 28 (44.4) 107 (47.3)

&% 163 (100) 63 (100) 226 (100)
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22 pAlERHBENLEHNEAKA TIgbE

7517 48 HEm &%
N=163 N=63 N=226 pii

R SR | n (%) n (%) n (%) 0.1067
i 140 (85.9) 59 (93.7) 199 (88.0) '
# 23 (14.1) 4 (6.3) 27 (12.0)

R 0.8929
& 145 (89.5) 56 (88.9) 201 (89.3)

# 17 (10.5) 7 (11D 24 (10.7)

e E gt 0.5618
& 150 (98.2) 63 (100) 223 (98.7)

* 3 (1.8) 0 (0) 3 (1.3)

EH g 0.8599
HRBE 38 (23.3) 13 (20.7) 51 (22.6)

BEH 69 (42.3) 29 (46.0) 98 (43.3)
BATH 56 (34.4) 21 (33.3) 77 (34.1)

*R4E 0.5782
- 159 (97.5) 63 (100) 222 (98.2)

-3 4 (25) 0 (0) 4 (1.8)

LE TR 0.1298
RS ¥ I ¥ 45 (27.6) 11 (17.5) 56 (24.8) '
53 1-2 k. 63 (38.7) 33 (524) 96 (42.5)

#5383 Rk 55 (33.7) 19 (30.1) 74 (32.7)

A BB R IRE A 0.7782
BT REI Rl 29 (17.8) 10 (15.9) 39 (17.3)

#i8 1-2 % 82 (50.3) 35 (555) 117 (51.8)
£33 kL 52 (31.9) 18 (28.6) 70 (30.9)

HE 0.5868
BTRE /R o 2 (12 2 (32 4 (1.8
i 1-2 & 24 (14.7) 10 (15.9) 34 (15.0)
£33 kb 137 (84.1) 51 (80.9) 188 (83.2)

KB 0.7896
BFaH/Rioid 17 (10.4) 5 (79 22 (9.7
B8 1-2 & 52 (31.9) 19 (30.2) 71 (31.4)
£33kt 94 (57.7) 39 (619 133 (58.9)

ErkE
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3. mllemu Bt EHERKA T IE ()

PR tIE] HRm A%
N=163 N=63 N=226 P
HA N (%) N (%) n (%) 05508
%38 A/ fo ik 24 (147) 9 (143) 33 (14.6)
H{ 12 % 60 (368) 28 (444) 88 (38.9)
£3i83 kUL 79 485 26 (413) 105 (46.5)
TH -~ RAKEEH ' 0.6496
BF R KR b0l 56 (34.6) 25 (39.7) 81 (36.0)
£ 12 % 47 (29.0) 19 (302) 66 (29.3)
£33 Rk k 59 (364) 19 (302) 78 (34.7)
BB/ KRB/ 5ER F 0.8543
BF R AR S0k 42 (259) 16 (254) 56 (25.8)
512k 71 (438) 30 (47.6) 101 (44.9)
583 Rk 49 (30.3) 17 (37.0) 66 (29.3)
e A - 0.0592
P8 /R daih 114 (704) 41 (65.1) 155 (68.9)
£ 12 % 39 (241) 22 (349) 61 Q1.1
5383 Rk 9 (5.5 0 (6.0) 9 (4.0)
PESIFREERE : 0.5648
B 5% /R fo ik 98 (60.5 33 (532) . 131 (58.5)
HE12 K% 58 (358) 27 (435) 85 (37.9)
S8 3 KL 6 (3.7 2 (32) 8  (3.6) |
o5 il 0.8042
838 A/ ko 108 (66.7) 40 (63.5) 148 (65.8)
£/ 12 % 37 (228) 17 (27.0) 54 (24.0)
£33 RUL 17 (10.5) 6 (95 23 (102)
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4 mlaf B adEARE LR

i $HEm 4%t @
N=163 N=63 N=226 p
¥ g n (%) n (%) n (%) 0.0655
% 10 (6.1) 0 () 10 (4.4)
& 153 (939) 63 (100) 216 (95.6)
& d B 0.4505
% 8 (4.9 1 (16 9 (4.0
& 155 (95.1) 62 (98.4) 217 (96.0)
¥ A, =
A 0 ) 0 ©) 0 )]
& 163 (100) 63 (100) 226 (100)
INE < 1
% 1 (0.6) 0 (0 1 (0.4)
& 162 (99.4) 63 (100) 225 (99.6)
SHLE R —
A 0 0) 0 (0) 0 0)
& 163 (100) 63 "(100) 226 (100)
=k 0.0464
5 15 (9.2) 1 (1.6) . 16 (7.1
& 148 (90.8) 62 (984) 210 (92.9)
5 B 1
# 6 3.7 2 (32 8 (3.5)
& 157 (963) 61 (96.8) 218 (96.5)
B4 T 0.9588
# 28 (17.2) 11 (17.5) 39 (17.3)
& 135 (82.8) 52 (82.5) 187 (82.7)
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RS RHARHRAGIRAA TR TR

TR A Hga A%
N=163 N=63 N=226 Pl

£ & n (%) n (%) N (%) 0.270

<50 96 (58.9) 32 (50.8) 128 (56.7)

=50 67 (41.1) .. 31 (49.2) 98 (43.4)
BE Ay 0.876
. <170 95 (583) 36 (57.) 131 (58.0)

=170 68 (41.7) 27 (42.9) 95 (42.0)
HE AR : 0.897

<70 89 (54.6) 35 (55.6) 124 (54.9)

=70 74 (45.4) 28 (44.4) 102 (45.1)
BMI * kg/m® 0.635
<27 130 (79.8) 52 (82.5) 182 (80.5)

=27 33 (20.3) 11 (7.5 44 (19.5)
KERE _ 0.025

B+ LT 66 (42.0) 13 (22.0) 79 (36.6)

& o (k) 57 (36.3) 29 (49.2) 86 (39.8)

XBLLE 34 (21.7) 17 (28.8) 51 (23.6)
B¥ _ 0.027
G4 80 (51.0) 27 (474) 107 (50.0)

25 65 (41.4) 18 (31.6) 83 (38.8)

E-& 0 (0.0 1 (1.8) 1 (0.5)

B/ 12 (7.6) 11 (19.3) 23 (10.8)

BERE HFEE=10BE=12
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RO BHEAANBEAOLREETYNERR F1E&

5 17 48 g o% &
N=163 N=63 N=226 P |
WA EIR n (%) n (%) n (%) 0.491
% 8 (54.1) 28 (459) 114 (51.8)
T 21 (132) 11 (180) 32 (14.6)
& 52 (327) 22 (361) 74 (33.6)
o8 % B 1F . 0.499
% 55 (56.7) 24 (40.0) 79 (36.4)
& A 13 (83) 7 (1) 20 (92)
& 89 (350) 29 (483) 118 (54.4)
BN E 18 0.629
% 43 (274) 15 (242) 58 (26.5)
& 114 (72.6) 47 (758) 161 (73.5)
EH LI 0.566
C KARE 64 (403) 22 (361) 86 (39.1)
BEL 47 (29.6) 16 (262) 63 (28.6)
BAH 48 (302) 23 (31.7) 71 (32.3)
4 0.299
2 10 (6.3) 1 16 11 (.0
5 149 (937) 61 (984) 210 (95.0)
LR 4 ' 0.447
5 11 (7.3) 6 (10.5 17 (8.2)
& 140 (92.7) 51 (89.5) 191 (91.8)
HaRE 0.466
5 26 (17.3) 13 (2L7) 39 (18.6)
& 124 (827) 47 (783) 171 (81.4)

Bt R EE=69BFY:

# Fisher's Exact Test

=9 BHEMER=7 EHFIF=6: Fo &=
SCBRBRABR=18 HaREL=16
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27 pAlEfdRegBERA D ST LE

PR HEEH A%
‘ N=163 N=63 N=226 PR
Eg . & n (%) n (%) n (%)  0.887

<45 63 (38.7) 25 (39.7) 88 (38.9)

>45 100 (61.4) 38 (60.3) 138 (61.1)
¥ S 0.260

<160 109 (66.9) - 47 (74.6) 156 (69.0)

=160 54 (33.1) 16 (25.4) 70 (31.0)

BE AR - SR 0.458

<60 100 (61.4) 42 (66.7) 142 (62.8)

=60 63 (38.7) 21 (33.3) 84 (37.2)

BMI » kg/m® : : ' 0.960

<27 135 (82.8) 52 (82.5) 187 (82.7)

=227 28 (172) 11 (17.5) 39 (17.3)
HERE 0.076

B¥ T 84 (51.9) 23 (39.0) 107 (48.9)

&+ (8) 58 (358) 22 (37.3) 80 (36.2)

KER L 20 (12.4) 14 (23.7) 34 (15.4) |
o 0.119
L 43 (26.7) 9 (15.0) 52 (23.5)

25 47 (29.2) 14 (23.3) 61 (27.6)

28 65 (404) 34 (56.7) 99 (44.8)

B4R/ 6 (37 3 (50 9 @l

HBE HERAE=S B¥E=>
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8 R ARHBRENFRETHERR LR

st

Hitfa

o a

: N=163 N=63 N=226 P
A e n (%) n (%) n (%) 0.246
5 14 (8.6) 2 (3.2) 16 (7.1)
& 148 (91.4) 60 (96.8) 208 (92.9)
of % ¥ ig 0.055
A 14 (8.7 11 7.7 25 (11.2)
& 147 (91.3) 51 (823) 198 (88.8)
B Y g 1.000
) 1 (0.6) 0 (0.0 1 (0.5
& 161 (99.4) 62 (100.0) 223 (99.6)
TR 0.438
HRARE 62 (38.5) 23 (37.1) 85 (38.1)
BEH 42 (26.1) 12 (19.4) 54 (24.2)
BAAH 57 (35.4) 27 (43.6) - 84 (37.7) x
FEH 0.357
) 26 (16.1) 13 (21.3) 39 (17.5)
5 136 (84.0) 48 (78.7) 184 (82.5)
AR L 0.518
5 10 (6.5) 2 (3.4) 12 (5.6)
& 145 (93.6) 57 (96.6) 202 (94.4)
XN ¥ o ' 0.040
5 25 (16.1) 3 (5.1 28 (13.1)
& 130 (83.9) 56 (94.9) 186 (86.9)

BRE  BABIR=2 FBER=3SEHEE=2 EHTE=3; Fh#&=
3 RARBR=I12; BLaBEE=12

* Fisher's Exact Test
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29 BAERYBAARETRRLE T b

Fflda HEm
N=163 N=63
FHEE REE i FEE Pl
F# o & . 19.7+ 3.1 20.9+ 4.3 © 0.0525
%% ' cm 1632+ 8.0 163.6+ 7.7 0.7388
E kg 629+ 16.0 59.8+ 143 0.1849
BMI » kg/m’ 235+ 53 222+ 4.3 0.0532
FEM + cm 75.7+ 15.5 70.1 £ 11.2 0.0034
BE > cm 96.6+ 9.5 94.3 £ 8.1 0.1003
BB AR L - 0.78 + 0.1 0.74 + 0.06 0.0010
W 45 & + mmHg 109.8+ 17.7 1022+ 12.9 0.0005
47 B » mmHg 71.8+ 14.3 598+ 11.3 < 0.0001
iR 3 '
FE R 199+ 3.5 220+ 5.4 0.1016
%% cm - 1699+ 7.0 171.0% 5.4 0.4986
2E kg 73.5+ 16.8 709+ 128 0.4918
BMI » kg/m® 255+ 6.0 242+ 4.0 10.2464
Bl om 833+ 13.6 78.7 + 10.0 0.1418
AH » cm 100.0+ 10.7 98.8+ 7.7 0.6277
BB A e 0.83+ 0.07 0.79 = 0.05 . 0.0107
Y45 & » mmHg 1210+ 18.7 112.4 + 10.3 - 0.0103
475 & - mmHg 789+ 14.9 66.9+ 11.3 0.0008
i
Fd 0 & 196+ 2.8 20.3% 3.5 0.2351
%% cm 159.4+ 5.7 159.4 £ 5.3 0.9487
BE kg 56.8+ 12.0 534+ 11.0 0.5243
BMI » kg/m® 223+ 4.5 21.0% 4.0 0.1040
JEE  cm 713+ 14,9 652+ 8.7 0.0028
BH > cm 946+ 8.3 91.8+ 7.2 0.0551
FE AR ik 0.75+ 0.12 0.71 + 0.05 0.0036
W42 & » mmHg 103.6+ 13.7 96.4 + 10.5 0.0030
4 7% % » mmHg 67.7+ 12.2 603+ 10.7 0.0009
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10 Bl ARBENBRAREANLBRZFIRE

REBAHEM ' B =9%cm 4 =80cm

BB ENE: 8209 4208

10-50

% 15 48 g4 &3t
‘ N=163 N=63 N=226 P
i R 55 0.0065
Hi R (8P F) 13 (3.0) 0 (00 13 (5.8
S RAH 39 (23.9) 8 (12.7) 47 (20.8)
E¥ R 111 (68.1) 55 (87.3) 166 (73.5)
BMI » kg/m® - 0.2050
<18 14 (8.6 5 (719 . 19 84
18-23.9 91 (55.8) 39 (61.9) 130 (57.5)
24-26.9 37 (14.7) 13 (20.6) 37 (16.4)
=27 40 (20.9) 6 (9.5 40 (17.7)
% [ 38 K o AR B 0.0065
* 39 (23.9) 5 (7.9 44 (19.5)
& 124 (76.1) 58 (92.1) 182 (80.5)
AR b o Bk _ 0.0056
H 32 (19.6) 3 (4.8) 35 (15.5)
& 131 (80.4) - 60 (952) 191 (84.5)
BB 0.0051
BREFREGE 31 (19.0) 3 4.8 34 (15.0)
E% 62 (38.0) 20 (31.8) 82 (36.3)
HE HAR B, 70 (42.9) 40 (63.5) 110 (48.7D)
THRBHAEaBRBERT K ,



1. ey BasoiieR BMI - BB WL

PR R R A3t
N=163 N=63 N=223

W iE R » mmHg

25% . 100 ' 91 99

50% 109 100 107

75% 118 111 115
473 % » mmHg

25% 64 : 56 ' 61.0

50% 70 62 70.0

75% 80 71 717.5
BMI » kg/m’

25% 20.0 19.2 19.7

50% 22.4 21.1 220

75% 26.4 245 ' 25.5
@ cm
- 25% ' 64 62 64

50% 73 68 70.75

75% 83 78 82
AE -+ cm

25% 90 90 90

50% 56 93 95

75% 100 98 100
BRAR

25% 0.702 0.694 0.674

50% 0.762 0.733 0.698

75% 0.830 0.787 0.817
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£ 12. polia e BadmyaEARSH

P2k $HE8 43 "
N=163 N=63 N=226 p

W 4E R » mmHg n (%) n (%) n (%) 0.062
60-99 35 (21.5) 22 (34.9) 57 (25.2)

100-107 37 (22.7) 18 (28.6) 55 (24.3)
108-115 43 (26.4) 10 (15.9) 53 (23.5)
116-189 48 (29.5) 13 (20.6) 61 (27.0)

4%3& & » mmHg . <.0001

30-61 30 (18.4) 25 (39.7) 55 (24.3)
62-70 39 (23.9) 14 (222 53 (23.5)
71-77.5 41 (25.2) 20 (31.8) 61 (27.0)

77.6-135 53 (32.5) 4 (64) 57 (25.2)

BMI » kg/m? 0.132
15.3-19.7 35 (21.5) 20 (31.8) 55 (24.3)
19.8-22.0 43 (26.4) 15 (23.8) 58 (25.7)
22.1-25.5 38 (23.3) 18 (28.6) 56 (24.8)
25.6-53.5 47 (28.8) 10 (15.9) 57 (25.2)

BH > cm . 0.017
54,0-64.0 30 (18.4) 24 (38.1) 54 (23.9)
64.1-70.75 44 (27.0) 15 (23.8) 59 (26.1)
70.76-82.0 43 (26.4) 13 (20.6) 56 (24.8)

168.0 46 (28.2) 11 (17.5). 57 (25.2)

A B cm 0.340
79-90 33 (20.3) 14 (222) 47 (20.8)

91-95 40 (24.5) 22 (34.9) 62 (27.4)
96-100 44 (27.0) 12 (19.1) 56 (24.8)
101-155 46 (28.2) 15 (23.8) 61 (27.0)

e 0.1193
0.630-0.698 16 (9.8) 8 (12.7) 24 (10.6)
0.699-0.750 22 (13.5) 12 (19.0) 34 (15.0)
0.751-0.817 77 (47.2) 34 (540) 111 (49.1)
0.817-1.750 48 (29.5) 9 (14.3) 57 (25.2)
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# 14 RYIQEHPBREYRBFHEER BMI - BEBAENE - RERILIEX R
iR

7515 4 88 4
n g+ 4EEE n PHELFEELE pH
W iE R+ mmHg
BMI » kg/m’ |
<18 14 103.0+8.16 5  89.4+439 0.0027
18-23.9 91 107.53 + 18.77 39 1023+ 14.1 0.0888
24-26.9 37 111.8+ 1271 13 1043+11.2 0.0837
=27 40 .1173+185 6 107.3+6.59 0.0250
RE A K o) AE B
5 39 117.8+19.4 5 110.0+4.30 0.0419
& 124  107.3+ 1637 58  101.5+1324  0.0202
BB iR G e R Rk
ol 32 1133+ 183 3 107.8+2.02 0.1226
& 131  109.0+ 17.5 60 101.9+132 0.0025
4F#%&& + mmHg
BMI » kg/m’
<18 14 644+11.1 5  544+862 0.0866
18-23.9 91 699+ 144 39 627+11.9 0.0063
24-26.9 37 71.8+105 13 64.9+10.0 0.0614
=27 40 796+ 14.6 6 648+11.2 0.0244
BT 38 A o BEBE '
x5 39 80.1+£15.0 5  70.6+7.50 0.1745
& 124 69.1+13.0 58 62.0%11.4 0.0004
BB b8 & o) R Bk
5 32 759+129 3 66.7+5.13 0.2296
& 131 70.7+ 14.4 60 62.5+11.5 0.0001
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& 15, Bl HBaakikE FIHE LR

Fa 17 40 e
N=163- N=63
LA LB X P+ SR P
&K > k/pl 6.66+ 1.74 6.32 £ 1.46 0.1817
fx 3% M/pL 4.92 +0.50 4.83 + 0.49 0.2553
fa /3% 0 KL 279.91+61.16 271.87 + 55.11 0.3641
hfx &% 0 g/dL 13.91 £ 1.71 13.92 £ 1.37 0.9667
IR B * % 42.34+4.20 42,61 + 3.56 0.6537
T34 oK R A 0 L 86.42+7.09 88.46 + 5.61 0.0245
T hikhick * pe 28.37+2.84 28.88 + 2.23 0.1506
T bt E AR g/dL 32.78 £ 1.15 32.64 + 0.95 0.3748
RDWSD - fL 41.11 +£2.57 41.87 £ 2.75 0.0531
LRI EEE % 13.13+1.20 13.01 + 0.91 0.4077
o AT A 0 L 12.41 + 1.54 12.24 + 1.63 0.4693
3 d AR EA 0 L 10.47 £ 0.78 10.40 + 0.82 0.5292
E AR 28.63 + 6.50 27.98 + 6.69 0.5081
K E 4 b 56.08 + 8.89 55.47 + 8.38 0.6384
HEKE S 3538 £ 8.16 36.11 £ 7.95 0.5467
BBk 507+1.33 478 £ 1.12 0.1307
L EEMIKE 4tk 3.00+2.11 3.10+ 2.31 0.7498
FEHEEHE 2 0.46 + 0.28 0.47 = 0.31 0.7196
ok & bk 3K 3t #e(k/pL) 3.82+ 1.46 3.60 + 1.31 0.3027
# B E(k/ul) 2.29 £ 0.60 2.23 + 0.49 0.4486
EAnsfat #(k/ul) 0.34 £ 0.11 0.31 £ 0.09 0.0203
o & b 2 $(k/ul) 0.20 + 0.15 0.19+ 0.14 0.8164
o ik 3 #(k/ul) 0.03 £ 0.02 0.03 £ 0.02 0.6894
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CRI6 BHARNRE LIRS FHELE

1) 42 e
. N=163 N=63
FE = BEE T £ AREE pi
4 7% B 8% » mg/dL 177.7+ 3725 176.63 + 31.38 0.8456
HEERAS  mg/dlL 4812+ 105 48.73 + 8.28 0.6452
BEEBEE > mg/dl 10677+ 34.83 105.68 + 27.63 0.8011
Z &+l As 0 me/dl 96.70+ 111.96 =~ 73.16 + 34.61 0.0171
& F » mmol/L 139.77 + 2.08 139.68 + 1.76 0.7595
47T » mmol/L 4.14+ 0.30 4.09+ 026 0.2976
£.5F » mmol/L 10337+ 8.40 103.17 + 1.72 0.7727
BESE g/dl 7.62+ 0.50 7.63 £ 0.40 0.8919
G%&d4a > g/dl 4.83+ 0.30 4.85+ 021 0.5338
H%& & o g/dL 2.80+ 0.32 2.79 % 0.30 0.7770
=R 1.74 £ 0.20 1.76 + 0.19 0.5555
B8 » mg/dL 591+ 161 5.89 + 1.46 0.9191
K% 4 mydL 11.81+ 4.19 11.40 + 2.81 0.4046
BLE BF » mg/dL 0.88 + 0.82 093+ 0.15 0.2509
GOT * U/L 19.20 + 8.85 20214+ 11.38 0.5273
GPT » U/L 20.81 + 22.91 24.59 & 33.32 0.4102
4R AT f i > mg/dL 93.26 + 37.18 85.84 + 5.89 0.0144
&% 4 UmL 8.62+ 0.75 7.00+ 544 0.1157
Apo-Al » mg/dL 1392+ 21.0 132.6 + 14.2° 0.0074
Apo-B » mg/dL 81.3+ 21.2 79.6 + 16.5 0.5499

Apo-Al=Apolipoprotein A1, Apo-B= Apolipoprotein B
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& 17. Ry BaikahE FHE

#5174 R
N=163 N=63
FHEE BREE  FHEEERE pfE

Ry#aida  mglL 71.14 £ 231.09 737+ 3.65 0.0006
HUEE BF » mg/dL 17537+ 92.08 141.20 + 71.02 0.0035
aEkafl®  mgg 65.83 + 258.53 562+ 2.13 0.0035
9T » mmol/L 112.93 + 56.60 98.64 + 52.47 0.0841
478 F » mmol/L 38.69+ 22.91 32.07+ 15.83 0.0146
£.8-F > mmol/L 91.86+ 39.79 81.56 + 40.18 0.0834
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A8 R aRNHBaRHRE T RS TR

il i m
N=163 N=63
FIEE FRE PHMEE FEE p@

LIS O-1cm T35 B & 05320+ 00713  0.5315+ 0.0591 0.9663
HBEEEAL 1-2cm FHEE 05288+ 0.0698  0.5321+ 0.0799  0.7452
EESRKE SR THEE 0.5603+ 0.1290  0.5357+ 0.0832  0.0865
ENESI T EE 0.4690+ 0.0862  0.4718+ 0.0778 0.8247
HHEEHI O-lem B ABRE  0.6588+ 0.0911  0.6631+ 0.0838 0.7457
HBFESHK 12em R XEE 06589+ 0.0944  0.6668+ 0.1057 0.5622
LERGMKBEGHREALLE 07022+ 01556  0.6966+ 0.1208 0.7565
ENESRE AR E 0.6092+ 0.1046  0.6232+ 0.0662 0.3892
ABEAEM 0-lcm R34 B E  0.5294+ 0.0682 05168+ 0.0717 02145
AWK 1-2em T3 EE 05367+ 0.0779 05315+ 0.0848  0.6437
AZHEGMHMA SR THAEE 05495+ 00909  0.5383+ 0.0660 0.3992
ERGEEHRTHERE 0.4491+ 0.0783  0.4532+ 0.0810 0.7153
LB 0-lem KB A 0.6588 0.0839  0.6445+ 0.0980  0.2500
LBEBE 1 2cm B XBEE  0.6682+ 0.1027  0.6650+ 0.1103  0.8310
LSRR ARE 06898+ 0.1075  0.6934+ 0.0930 0.8255
LENESRBEARE 0.5866+ 0.0971  0.6009+ 0.0462 0.3174
BTN TERAE 0.5194+ 0.0512  0.5128+ 0.0462 0.3776
BAERAEALI 5% - » 0.0368 + 0.2191 0+ 0 <0.0001
RCCA 0.5306+ 0.0645  0.5318+ 0.0541 0.8955
RCCA_max 0.6591+ 0.0817  0.6649+ 0.0720 0.6222
LCCA 0.5331+ 0.0673  0.5241 £ 0.0646 0.3695
LCCA max 0.6635+ 0.0834  0.6547+ 0.0819 0.4081
*$ {0 . mm
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#19. mlin s CAVI & & T34 thig

bl g
N=163 N=63
T E REELE PG+ FREL

P&

Xk EBEIEAE ] 6.4359 + 0.9047
kESM T RIS 2 6.3051 + 0.8893
EXHhhh BT EMIsE | 6.5183 + 0.8524
EEBRDETREMIEAE 2 6.3770+ 0.8212

& BRIPAEERFEAR 1 1.0917 £ 0.0860
& BRARALERFE AR 2 1.0982 £ 0.0788
L RIABLERFEAR | 1.0900 + 0.0841-
A BRIFAEBREAR 2 1.1001 = 0.0764
T3 X Gk T B AE 6.4117 £ 0.8028
TR R 1.0956 £ 0.0679

~ 6.6090+ 0.7534

6.5811 £ 0.8258
6.6886 + 0.7278
6.6127+ 0.7928
1.0749 + 0.0973
1.0792 + 0.0845
1.0730+ 0.0893
1.0844 = 0.0791
6.6229 = 0.7427
1.0779+ 0.0758

0.1788
0.0342
0.1628
0.0523
0.2078
0.1135

- 0.1823

0.1731
0.0719

- 0.0907

CAVI=Cardiac-ankle vascular index * «o BRI I o B 542
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R2WpplaBAHRaRAFSRFEWVIRELRFHMALR

il #HEa
N=163 N=63
THEL FERE PHA: BEE P

CE-ES R R SR 50823+ 74.829  500.62+ 48.272 0.3864
SR-AEBRE R AR A 74429+ 83599 741.61% 69.19 0.8223
HH-REMRE YA 1141.1 £ 170.06 1126 + 170.98 0.5520
% SR AR B AR S 42 1.0869 + 0.0631  1.0828+ 0.0737 0.6773
SRE-A RAARGEE SR 75162+ 83489  744.08+ 66.716 0.5238
A -REAE e A 1164.4+ 171.84  1131.1+ 156.47 0.1651
LIRERBL BRI AR 1.0794 = 0.0645  1.0629% 0.0717 0.0961
AR E R RS 96.4+ 12.328  93.992+ 13.643 0.2065
£ F f ol 65 RS 29721+ 17.896 30424+ 16.349 0.0076
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A2\AEG bkl REBANEERELERZIREHIM

REkaa S A HBa
N=101- N=62 N=63 Pk

FHALREL FHELREE PHEEFEE
E8 0 & ' 19.6+ 3.2 19.9+28 20.9+ 4.3 0.0654
%% om 1622+ 7.9 164.8 £ 8.0 163.6+ 7.7 0.1218
BE kg 62.3+ 16.5 63.7+ 15.4 59.8+ 14.3 0.3536
BMI + kg/m? C236+55 23450 222+ 4.3 0.2030
B2 > cm 74.4 £ 14.0 77.8+ 17.7 70.1 + 11.2 0.0130
B > cm 96.5+10.0 - - 96.7+ 8.8 94.3 £ 8.1 0.2566
X 30 0.767 + 0.084 0.801 + 0.149 0.74 + 0.06 0.0043
W45 & > mmHg 107.0+ 152 114.5 + 20.4 1022+ 12.9 0.0002
44758 * mmHg 704+ 14.1 74.0% 14.4 59.8+ 11.3 <0.0001
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R22AEGHE - hfkE - REBANRRBRELFZZREHUNH

AEaa fo fk 40 e
N=101 N=62 N=63 pia
FHBETHEEE FHEIBRE PHALBEE

& ik k/pl 6.732+1.81 6.532 £ 1.63 6.32+1.46 03121
b3k > M/UL 4918 +0.52 4.920 + 0.48 4.83+£049 05242
&) AR 0 k/pl 282.6 + 60.8 275.5 + 62.1 271.87£55.11 0.5024
dndr &% > g/dL 13.85 + 1.69 14.00 + 1.74 13.92+1.37  0.8518
RIKEHEL > % 42.25 £ 4.042 4248+ 4464  42.61+3.56  0.8519
F ¥ K FAE 0 fL 86.31 +7.09 86.60 + 7.15 88.46+561  0.1212
Tk iz F 0 pg 28.27 +2.84 28.52 + 2.86 28.88+223  0.3634
Py EEM o g/dl 32.71£1210 32.90 + 1.045 32.64+£0.95  0.3843
RDWSD - fL 41.18+2.62 41.00 + 2.50 41.87+275  0.1409
MRS RE > % 13.17+£1.22 13.06+ 1.18 13.01£0.91  0.6350
f R EAE L 12.54 + 1.68 1222+ 1.26 1224 +1.63  0.3534
T REM L 10.54+0.83 10.37 + 0.69 10.40+0.82  0.6350
E A f R 29,11 + 6.91 27.87+ 5.78 27.98+6.69  0.4127
P E A 56.83 +9.02 54.86 + 8.59 5547+838  0.3363
HEKE S 34.73 + 8.431 36.44 + 7.652 36.11+£7.95  0.3540
EHHB L 5.153 + 1.368 4.932+ 1.263 478112  0.1795
H BT 5k 2.863 + 1.987 3.224 + 2.286 3.10+231  0.5581
i IR E 4L 0.413 + 0.233 0.526 + 0.322 0.47+0.31  0.0464*
o & b sk #(k/pl) 3.939 + 1.554 3.632+ 1.282 3.60+1.31 02416
# BT #(k/pl) 2.270 +0.620 2.330 % 0.574 223049  0.6088
B st #k/ul) 0.349 +0.112 0.333+ 0.110 0.31£0.09  0.0431*
ok g 4 3T S (k/ul) 0.194 + 0.155 0.207 + 0.139 0.19+0.14  0.8385
o Byt 3T 2 (k/ul) 0.028 +0.017 0.031 £ 0.016 0.03+0.02  0.6362
*»<0.05
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AVAEGE - A RHBEG IS SR B EH S

REG f HRa
N=101 N=62 : =63 pia
THELFREE FHEFRE PHBELF/EE
£ 0% Bl 8% » mg/dL 177.1+£35.86 178.7+39.69 176.63+31.38  0.9432
EEERESN > mg/dL  48.52:11.65 4745+ 8421  -48.73+8.28 0.7346
BEEHEE  mg/dl  103.8+31.94 111.6+38.87 105.68+27.63 - -0.3359
ZEEH i Bs » mg/dL 108.2 £ 136.5 77.92 + 46.32 73.16 +£34.61  0.0403
& -F > mmol/L 139.9+2.278 139.6+ 1.710  139.68 £ 1.76 0.7568
4787 » mmol/L 4.115 +0.298 4.169 = 0.307 4.09+0.26 0.3171
#.8F > mmol/L 104242216 102.0+ 1327  103.17+1.72 0.1579
BEAE > gdL 7.639 £ 0.451 7.594 + 0.580 7.63 £ 0.40 0.8363
&7%&d  g/dl 4.817 £ 0.225 4.840 + 0.386 4.85+0.21 0.7534
#¥%& 4 gdl 2.826 £ 0.324 2,760+ 0.322 2,79+ 0.30 0.4163
E Al 1.723 £ 0.181 1.773+ 0.214 1.76 £ 0.19 0.2373
Fi#k » mg/dL 5.932+1.525 5.885+ 1.743 589+ 1.46 0.9785
RE £ > mg/dL 11.22£2.720 12.76 + 5.737 11.40+2.81 0.0349
BLEE BT » mg/dL 0.926 £ 0.155 1.139+ 1,303 0.93£0.15 0.1266
GOT » UL 18.73 £ 6.474 19.95+ 11.76 20.21+11.38  0.5729
GPT» UL 19.00 £ 15.93 23.76 + 31.04 24.59+33.32  0.3325
£R % S #% » mg/dL 1.099 + 0.387 1.226 + 0.612 1.032+£0.177  0.0341
B&E - yUmL 7.938 + 8.607 9.724 £ 11.35 7.00 + 5.44 0.2087
*p<0.05
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hUkEad - hikie - AHBAWARRELRZSERSH

FE G A HRa
N=101 . N=62 N=63 Pl
FHELRRE THALIBIE THA:REE

R¥Hma%zéa  mgl 68.91 £218.6 74.73 + 251.8 7.37+3.65 0.0933
BLEE BT » mg/dL . 181.3 +98.09 165.7 + 80.11 141.20+ 71.02 0.0171
aEaskd £ » mg/g 5812+ 1974 78.28 £ 336.0 5.62+2.13 0.1582
4% &t § > mmol/L 111.9+59.10 114.6 £ 52,75 98.64 £ 52 47 0.2162
$78 -+ » mmol/L 39027+23.49 37.76 £ 22.10 32.07+15.83 0.1015
F.E8F  mmol/L 91.10i'41.14 93.08 + 37.79 81.56+40.18 0.2138
“ 85 3 fu
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A ARGHE wfME ANBAGOFEDRRELS L2 B EH N H

AkEam ok f $Ra

N=101 N=62 N=63 pa
_ FHBETREE FHE L FEE FHELLFEE
ABEAK 0-lom F3 AL 0.5262+ 0.0650 0.5412% 0.0800 0.5315+0.0591 0.3931
AREHHR 1-2om F3H B 0.5225+0.0706 0.5391 £ 0.0678  0.5321+0.0799 02933
AEGGHRHEBASKTIHAE 05504+ 0.1267 05763 = 0.1321  0.5357+0.0832 0.1467
AENESREHER © 0.4656 £ 0.0727 0.4744= 0.1049  0.4718+0.0778 0.7983
AWEGHO-lem BAAE  0.6555+ 0.0885 0.6642% 0.0956 0.6631 £0.0838 0.7871
AEHAK 1-2em RARKE  0.6515+0.0984 0.6710= 0.0871  0.6668+0.1057 0.3539
EEG IR R AEAE 06932+ 0.1548 0.7168+ 0.1572  0.6966+0.1208  0.5746
& NEHIRE AR 0.6092  0.0939 0.6091 « 0.1209  0.6232£0.0662 0.6908
ABEEGMK O-lcm F3HEKR 05256+ 0.0712 0.5355+ 0.0633 05168 +0.0717 0.3094
ABEHIK 1-2cm FHERE  0.5304+0.0816 0.5471+ 0.0709 0.5315+0.0848 0.3555
AGHMRMIGREHEE 05440+ 0.0919 05584+ 0.0891  0.5383+0.0660 0.4245
ERBEBRTEEE 0.4478+0.0770 0.4513+ 0.0809  0.4532+0.0810 0.8988
EBEHIKO-lem HALA  0.6548+0.0901 0.6654+ 0.0730  0.6445+ 0.0980 0.3782
ERGEHK I 2em HAARE  0.6611+0.1120 0.6797+ 0.0850 0.6650+0.1103 0.5120
ES\GBBRRBUBREALE 0.6869+0.1058 0.6946+ 0.1111  0.6934 % 0.0930 0.8869
ENEHREARE 0.5875+0.1007 0.5851+ 0.0918  0.6009+0.0462 0.5999
GOREEN T ERAR 0.0297 £ 0.2216 0.0484= 02163 0.5128+0.0462 0.3425
EHRELRAIH B 0.5140+ 0.0517 0.5284 = 0.0493 00 0.1417
RCCA 0.5146 + 0.0613 0.5401 = 0.0687 0.5318+0.0541 0.2964
RCCA_max 0.6538+ 0.0813 0.6676 = 0.0823  0.6649+0.0720 0.4988
LCCA 0.5280 + 0.0704 0.5413 = 0.0614  0.5241 £0.0646 0.3112
LCCA_max 0.6579 £ 0.0905 0.6726 = 0.0699  0.6547 £ 0.0819  0.4299
*p<0.05
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2640 %6%4E ok - AHBEY CAVIERZ EEZHMH

AEa@m o FR. 48 R

N=101 . N=62 N=63 P
FHELREE FHAEIHLREE PHEEBEE
EEGhk FRIIEIE | 64466+ 08829 64184+ 0.9460 6.6090+0.7534 0.3977
EEBRaTEEIIE2 63369+ 08275 62538+ 0.9857 6.5811+0.8258 0.0897
EAEXHBkaEBIER 1 6481608343 65781+ 0.8846 6.6886+0.7278  0.2903
EXHMbAERIEIEIE2 64078107594 63274+ 09166 6.6127+0.7928 0.1268
E BRI 1 1.0873  0.0907 1.0987 + 0.0780 1.0749+0.0973  0.3320
A R BL R4 4R 2 1.0961+ 0.0784 1.1016+ 0.0799 1.0792 +£0.0845 0.2617
A SRERBL ISR 1 1.0898 + 0.0926 1.0903 + 0.0687 1.0730+£0.0893 0.4114
A SR E LS AR 2 1.0973 £ 0.0827 1.1047+ 0.0656 1.0844+0.0791 0.3326
FHE G S BIIEAE 64223207657 63944+ 0.8654 6.6229+0.7427  0.1340
ERTF S Ty 1.0936+ 0.0717 1.0988+ 0.0617 1.0779+0.0758 0.2161
*p<0.05
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AEaa L. 978
N=101 N=62

HEaw
N=63

FHEE FEE PHEIREE PHELREE

o

SR-ESRE YR
SH-E RS SRR
EH-RIMA R ERE
A SRR BLAR R AR

SRR-E RO R R
ER-RERERAGEFRE
ARSI AR
I B

TR R

503.14+ 60.53 516.13 £92.86
73529+ 75.75 758.16 £93.39

1122.86+ 162.51 1170.81x179.06

1.0864 + 0.0601 1.0876 +£0.0682
743.53+ 74.93 764.08 £94.49
1149.21 + 165.60 1189.23 +180.15
10799+ 0.0617 1.0785+0.0693
95.97% 12.16 97.07 £12.66
29895+ 18.14 294.53+£17.31

500.62 £48.27
741.61 £69.19

1126.05 = 170.98
1.0828 +£0.0737
744.08 £66.716
1131.1 £156.47
1.0629 +0.0717
93.992 + 13.643
304.24 +16.349

0.4101
0.2119
0.1823
0.9120
0.2335
0.1376
0.2494
0.3933
0.0088

*<0.05
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B UEBERFERGEVER SSAGE I

o] Mo R FHRE
83 % g F g % 18

# A - 48,959 — 9.7054
£g 0.5976 -0.0134 0.5162 0.1651
5 16.892%*+ 9.6571***  90368++* 32209
7 45] RHB, 7.6129* 3.2772 9.0690%**  4.3949*
BMI 7.6129%** (4186 1.0165%**  0.2949
B 0.4473%%* 0.0616 0.3835%%*  0.0927
HDL -0.4694*** . (.3665% -02464% - 0.2240
Z s 0.0259* -0.0123 0.0300* 0.0055
B AT 13.883%+ 10.772* 13.434%** 8 6705*
BUN ' 67.404%%%  57685%**  40.636***  30.178*
o ¥ BLES BT 18.685%*  -8.4605 13.526*  -1.3930
Apo-Al - 0.0925 0.1427 -0.0116 0.1343
B LB B 0.0142 0.0148 0.0104 0.0147
CAVI 3.5205* 2.9622* 2.3950* 1.9149
ABI 80.441%+%  33.189% 73.691%%*  34.920%
RCCA 40.832* 6.0444 24317 -5.5194
LCCA 55344+ 16.495 48.252%+* 20.372
i A -0.3260%**  .0.1091* -0.2720%%%  _0.1058*

*p<0.05 » **p<0.001 » ***p<0.0001
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Abstract

Objective: The prevalence of .hypertcnsion among children and adolescents was increasing,
This study investigated the risk factors associated with childhood hypertension in Taiwan.
Design and Methods: Between 1992 and 2000, a national mass urine screening program for
glucosuria and proteinuria was conducted annually for approximately 3,000,000 students aged
6-18 years. Among 103,840 students identified urine test positive, further examinations found
5,792 students of hypertensive. A nested case-control analysis was performed with randomly
selected 5,792 non-hypertensive controls matched with sex and grade. Results: Compared
with controls, hypertensive students had higher proportion of high (=27 Kg/m?) body mass _
index (BMI) (13.8% vs. 3.1%, p<0.0001), high (=300 mg/dL) cholestero! (1.7% vs. 0.6%, p
<0.0001), high (=23 mg/dL) blood urine nitrogen (BUN) (1.6% vs. 0.9%, p=0.0002), high
(1.3 mg/dL) creatinine (.17.7% vs. 16.1%, p = 0.028), and high (=5.0 mg/dL) albumin
(6.3% vs. 5.1%, p = 0.0001). The multivariate logistic regression analysis showed the odds
ratio (OR) for hypertension in st'udents with high BMI was 7.04 (95% confidence interval [CI]
= 5.87-8.46). High cholesterol (OR = 2.54, 95%CI = 1.71-3.79), high BUN (OR = 1.73,
95%CI = 1.20-2.49), and high albumin (OR = 1.24, 95%CI = 1.05-1.47) were also associated
with hypertensive risk. Conclusions: Our findings show that the childhood hypertension is
strongly associated with BMI and other BMI related factors.

Key Words: Body mass index, Hypertension, Urine screening, Stratified analysis



Introduction

Hypertension has become the tenth lethal cause of deaths in Taiwan since 2003 (1). Both
heart disease and cerebrovascular disease are strongly associated with hypertension.
Diabetes mellitus and renal disease are common comorbidity of hypertension. As a result,
hypertension can be considered as the most important attributable cause of death for
population in Taiwan (2). Consequently, efforts to identify the risk of hypertension and to
control hypertension are crucial in cardiovascular diseases control. The vital statistics in
Taiwan show that childhood mortality from cerebrovascular disease and other hypertension
related diseases are increasing (3). This has led t-o résearch. whether -factors associgted with
childhood hypertension similar to that with adult hypertension.

It has been well known that obesity is an important factor leading to hypertension among
middle-aged and elderly people (4). However, there are limited studies on the effect of
obesity with respect to hypertension for children. Studies show that childhood obesity has
become prevalent among populations worldwide (5). The prevalence of obesity among
children aged 6-11 years was 15% found in the U.S. National Health and Nutrition
Examination Survey (NHANES) in 1999-2000 (6).

The prevalence was even greater in New York City with 24% children considered as
obese in 2003. The prevalence rates of obesity among children aged 7-13 years in Canada
increased drastically from 5% in 1981 to 17% in 1996 for boys and 15% for girls (7). Studies

in Taiwan also show an increasing trend of obesity in children (8-10). The prevalence rates
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of obesity in school children of 12-15 years were 10.1% in 1982 and 11.1% in 1988 and
1996 (9). A later study in 2002 found that the prevalence among these school children
increased to 18.5% in boys and 15.0% in girls (11) -

The prevalence of childhood hypertension varies among. populations. It was 4.5% for
school children aged 10-19 years in Houston in 2002 (12). In India, the prevalence among
school children aged 11-17 years was as high as 5.68% (13). Sinaiko reported in 1996 that
hypertension had become an important medical problem in children and adolescents in the
U.S. (14, 15). Muntner et al. compared NHANES study in 1988-1994 and found the mean
systolic blood pressure (SBP) in schodl children aged 8-17 yeérs increased 1.4 mmHg and the
mean diastolic blood pressure (DBP) increased 3.3 mmHg in 1999-2000 (16).

Sorof has linked the childhood hypertension to obesity (15). The risk of hypertension is 3
times for children with BMI;S)Sth percentile compared with children of BMI < 90th
_ percentile. A urine screening study in Taiwan has previously shown that childhood diabetes is
strongly related to obesity (17). Compared with children with BMI of lower than 50th
percentile, children with the BMI of higher than 95th. percentile were 25.9 times more likely
to be diabetic. We believe that how obesity is associated with the childhood hypertension and
diabetes deserves extensive study. This study investigated the risk of hypertension by BMI
among school children who had participated in a mass urine screening with program in

Taiwan positive results for proteinuria and glucosuria.



Methods

In 1992-2000, Chinese Foundation of Health performed an annual urine screening
among school children of 1-12 grades. About 2,615,207 school students in 1992 and
2,932,000 in 1993-2000 annually were enrolled in this mass screening. The details of this
screening project have been described in previous reports (17-19). School children had been
found to be two times positive of proteinuria, glucosuria, or hematuria consequently received
a third urine screening test and a health check-up, including the fasting blood test. for total
cholesterol (TCOL), creatinine (CRE), urea nitrogen (UN), C3 complement, and
Antistreptolysin O (ASLO). Measures also included students’ height, weight, systolic blood
pressure (SBP), a;nd diastolic blood pressure (DBP). The urine screening and blood test were
performed with the consent of children’s parents.

Childhood hypertension was defined by age with the American Heart Association criteria
of blood pressure classification for children (20). Figure 1 shows the procedure to select
hypertensive cases and controls with students. Controls were frequency matched with sex and
grade randomly selected from non-hypertensive school children.

We used weight (kg) divided by the square of height (m?) to calculated body mass index
(BMI). After consulting with two cardiac physicians and with the criteria of Department of
Health, Taiwan, students were divided by BMI as underweight (BMI< 18 kg/mz), normal
weight (BMI=18-23.9 kg/m?), overweight (BMI=24-26.9 kg/m®) and obesity (BMI=27

kg/m?). Other categorical variables TCOL (<200, 200-249, 250-299, and = 300 mg/dL), UN
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(<23 and 223 mg/dL ), and CRE(< 1.3 and =1.3 mg/dL).

We usea Kruskal-Wallis test to compare the mean of SBP, DBP, TCOL, UN, and CRE
- among BMI groups. The Chi-square test also was performed for the categorical distributions
by sex, grade, hypertension Status, TCOL, UN, and CRE among BMI groups.- We calculated
adjusted OR (aOR) and 95% confidence interval (CI) of risk of hypertension, compared with

children of BMI< 18 kg/m? in the multivariate logistic regression. Covariates included in this

analysis were sex, grade, TCOL, UN, and CRE with references of girls.



Results

After excluding missing data and unreliable data, 103,840 school children were legible
for this study among 192,213 students who had received the third screening tests (Figure I).
There were 5,792 (5.58%) hypertensive cases and 5,792 controls with known informatioq of
blood pressure and grade. Cases were more likely controls to have higher BMI, TCOL, UN,
and CRE (Tablel).

Table 2, shows t'hat the mean values of SBP, DBP, TCOL, UN, and CRE increased as BMI
increased, all significant at 0.001 levels and higher for cases than for controls.

Table 3 dcmonstmte§ the estimated risk ot; childhood hypertensive by the interaction
between BMI and covariates in the multivariate logistic regression analysis. The odds ratio
increased as BMI increased for both girls and boys in appropriately similar pattern. The
younger children tend to have greater association with BMI for the risk of hypertension. The
1-3 graders with the BMI of =27 kg/m* had the highest risk of hypertension (OR=13.2,
95%C1=4.70-37.1). In the same strata, the odds ratio decreased to 4.60 (3.21-6.57) for 4-6
graders with BMI=27 kg/m? and rised again to 7.21 (4.52-11.5) for 10-12 graders. There
were significant interactions between BMI and TCOL, UN and CRE for the risk of
hypertension. Compared v‘vith students at TCOL <200 mg/dL and BMI< 18 kg/mz, students
who were at 250-299 mg/dL of TCOL and BMI227 had the highest risk of hypertension
(OR=25.1, 95%CI1=7.77-81.3) and the risk increased with TCOL increased. The multivariate

analysis also showed that the odds ratio increased to 16.8 (95% CI=2.12-133) for students
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who were at UN =23 mg/dL and BMI=27 kg/m®. However, elevated creatinine level failed

to show an increased risk of hypertension until the BMI increased to BMI =27 kg/m”.



Discussion

In a Spanish study, both SBP (112.6+6.6 vs. 107.8+6.9 mmHg) and DBP (65.9+4.4 vs.
64.2+4.2 mmHg) are higher inl obese children than in non-obese children of 6-16 years old
(R21). Among students aged 5-18 years in Netherlands, the hypertensive students have higher
average BMI (20.2+2.67 vs. 22.7+3.85 kg/m?, p<0.001) than non-hypertensive students had
(R22). Among children aged 2-18 years in a Delaware weight management program, the
hypertensive children also have higher BMI than non-hypertensive children (36.4+9.3 vs.
32.1£7.1 kg/m?', p<0.001)R23). Our studies consistent with these studies that the obese
children had higher SBP (.134.5:k16.6 Vvs. 117.4:I:1;1.7 mmHg,rp<0.0001) and DBP (89.5+11.5
vs. 78.4+12.8 mmHg, p<0.0001) than normal-weight children had and the blood 'pressure
rose as BMI increased.

Sorof and Danie.] reviewed literature of 74 articles and find that obese children are at
approximately a 3-fold higher risk for hypertension than nonobese children (15). Among
school children aged 10-19 years in Houston, the overweight children are 3.26 times more
likely than none- overweight children to be hypertensive (12). In this study, we found that the
OR for overweight children is 7.04 times as great as underweight children. The dose-response
association indicates a strong effect of BMI in childhood hypertension. Neter et al. conducted
a meta-analysis and indicated that blood pressure reductions were -1.05 mmHg in systolic and
-0.92 mmHg in diastolic when expressed per kilogram of weight loss (24).

Hypercholesterol is a known risk factor of hypertension (14, 22). Among students aged

9



5-18 years in Netherlands, the hypertensive students had higher TCOL than
non-hypertensive students had (4.3+0.8 vs. 379:1:0.6 mmol/L, p<0.01) (22). In this study, we
demonstrated an apparent interaction between BMI and TCOL for the risk of hypertension.
Compafed with students with TCOL <200 mg/dL and BMI< 18 kg/m?, students who were
at 250-299 mg/dL in TCOL and BMI=27 kg/m” had the highest risk of hypertension
(OR=25.1,.95%CI=7.77-81.3). This is a phenomenon never reported in previous studies.
High urea nitrogen may be a risk factor of high blood pressure. Klag et al. have suggested
that both systolic blood pressure and diastolic blood pressure are associated with urea
nitrogen (R25). This study showed an addictive effect of higher UN level in the risk of
hypertension. For obese children with BMI of 24-26.9 kg/m?, the OR of hypertension may
aggravated from 3.04 in those wifh an UN of <23 mg/dL to 12.2 in those with UN=23
mg/dL. |
Creatinine is an important marker in urine screening for kidney function may be associated
with hypertension and CVD (26). Among st_udents aged 5-18 years in Netherlands, the
hypertensive students have higher creatinine than non-hypertensive students have (22). Wang
et al. (27) found that the hazard risk associated with a 0.23 mg/dL increase in creatinine for
CVD and stroke mortality were 1.15 (95%CI=1.01-1.31) and 1.37 (95%CI=1.13-1.65),
respectively. Perneger et al. (28) found that the risk of hypercreatininemia was increased
twofold with a 20 mmHg increment in blood pressure among community residents. This study

showed that the increment of average creatinine as BMI increase is small but significant.
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However, elevated creatinine would not increase the risk of hypertension, except that children
are obese with the BMI of =27 Kg.m?.

In summary, BMI is a risk factor of hypertension among school children and there is a
dose-response relationship between BMI and risk of hypertension. Total cholesterol, urea
nitrogen, and creatinine are also independent predictors. However, hyperlipidemia. and urea

nitrogen are markers more important than creatinine in the association with hypertension.
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192,213 children with third screening test

: v

128,413 cases 63,800 have no or duplicated ID

A 4

v

103,852 with SBP and

24,561 were excluded for 24,433 missing data, 9
DBP data

SBP>>250 mmHg, 103 DBP <30 or > 150 mmHg,
n=103,16 SBP <40 mmHg

A4

12 unknown grade [ 103,840 known grade

6-9 years : SBP =122 or DBP =78 mmHg
3 10-12 years : SBP =126 or DBP =282 mmHg

13-15 years : SBP =136 or DBP = 86 mmHg
16-18 years : SBP =142 or DBP =292 mmHg

h 4 A4

5,792 hypertensive 98,048 non-hypertensive

Frequency matching with sex and
grade and selected randomly

A

5,792 non-hypertensive controls

Figure 1.The screening process of hypertensive cases and controls
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Table 1. The comparison between cases and controls by sex, grade, body mass index

and selected physiological examinations

Cases Controls Total
Factors N=5,792 N=5,792 N=11,584  Pvalue
Sex n ) n (%) n %)y 1
Male 2391 (41.3) 2391 (41.3) 4782 (41.3)
Female 3401 (58.7) 3401 (58.7) 6802 (58.7)
Grade, years 1
=3 1171 (20.2) 1171 (20.2) 2342 (20.2)
4-6 1468 (25.4) 1468 (25.4) 2936 (25.4)
7-9 2834 (48.9) 2834 (48.9) 5668 (48.9)
10-12 319 (5.5) 319 (5.5) 638 (5.5)
BMI, kg/m’ - <0.0001
BMI<18 1840 (32.2) 2621 (45.8) 4461 (39.0)
18< BMI<24 2605 (45.6) 2687 (46.9) 5292 (46.2)
24=< BMI<27 483 (8.5) 241 4.2) 724 (6.3)
BMI =227 791 (13.8) 176 (3.1} 967 (8.5)
Cholesterol, mg/dL : <0.0001
<200 4691 (81.7) 5096 (88.5) 9787 (85.1)
200-249 809 (14.1) 564 ©.8) 1373 (11.9)
250-299 145 (2.5) 60 (1.0) 205 (1.8)
=300 97 (1.7 37 (0.6) 134 (1.2)
C3 complement 0.4371
>67 5703 (99.4) 5728 (99.5) 11431  (99.5)
<67 34 (0.6) 28 (0.5) 62 (0.5)
BUN, mg/dL 0.0002
<23 5646 (98.4) 5708 (99.1) 11354 (98.7)
=23 94 (1.6) 50 0% 144  (1.3)
Creatinine, mg/dL . 0.0281
<1.3 4725 (82.3) 4829 (83.9) 9554 (83.1)
=13 1014 (17.7) 929 (16.1) 1943 (16.9)
Albumin, mg/dL 0.0001
<4.5 3436 (59.9) 3654 {63.5) 7090 61.7)
4.5-49 1943 (33.9) 1805 (31.4) 3748 (32.6)
=5.0 359 (6.3) 295 (5.1) 654 5.7
ASLO, IU/mL 0.7293
<200 3233 (56.3) 3261 (56.6) 6494 (56.5)
=200 2506 (43.7) 2495 {43.4) 5001 (43.5)

Missing data: 140 in BMI, 85 in cholesterol, 91 in C3 complement, 86 in BUN, 87 in

creatinine, 92 in albumin, 89 in ASLO.

16



Table 2. Comparison in means for factors associated with body mass index between cases and

controls
Body mass index, kg/m?
Variable <18 18-23.9 24-26.9 =27 p-value*
| Mean + SD Mean = SD Mean = SD Mean + SD
SBP (mmHg) <0.0001
total 108.8 + 15.0 117.4 + 147 1241 = 145 1345 + 16.6
cases 1183 % 12.6 1253 + 12.5 1294 + 126 137.7 + 15.1
controls 1022 + 128 1099 + 125 113.6 + 123 1199 £ 15.4
pr* <0.0001 <0.0001 <0.0001 <0.0001
DBP (mmHg) <0.0001
total 733 + 139 784 + 128 831 =+ 11.7 895 + 115
cases 866 + 655 838 + 6.13 89/8 = 593 933 =+ 8.10
controls - 639 + 928 684 + 891 69.6 + 840 72.5 + 8.57
pr* <0.0001 <0.0001 <0.0001 <0.0001
TCOL (mg/dL) - ' <0.0001
total 167.6 + 402 164.6 £ 433 176.6 + 503 1862 + 51.4
cases 1720 + 47.0 168.1 + 483 181.1 £ 494 189.0 + 53.9
controls 164.6 + 343 161.2 £ 37.6 1675 = 51.1 173.9 + 355
p** <0.0001 <0.0001 <0.0001 0.0002
UN (mg/dL) 0.001
total 127 + 148 124 + 519 127 + 380 126 + 3.57
cases 128 £ 7.19 124 + 6,17 127 + 4.02 126 =+ 3.53
controls 126 + 183 123 =+ 403 126 + 331 125 = 3.77
pr* 0.9452 0.3983 0.8506 0.9342
CRE (mg/dL) <0.0001
total 100 + 038 1.08 + 034 1.09 x 024 1.12 + 025
cases 102 £ 054 1.08 + 042 1.09 + 024 1.12 + 025
controls 098 £ 021 1.07 + 024 1.09 + 023 1.11 £ 023
pr* 0.2877 0.6863 0.9794 0.6853

Abbreviation: SBP=systolic blood pressure, DBP=diastolic blood pressure, TCOL=total
cholesterol, UN=urea nitrogen, CRE=creatinine

*Kruskal-Wallis test of BMI groups, **Wilcoxon rank sum test of cases and controls
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Tables 3. Odds ratio and 95% confidence interval for the risk of hypertension associated with body

mass index by sex, grade, total cholesterol, urea nitrogen, and creatinine

Body mass index, kg/m’

24-26.9

<18 18-23.9 =27
a0OR (95%CI)  aOR (95%CI) aOR (95%CI) aOR  (95%CI)
Sex :

" Female 1 - 1.48 (1.32-1.65) 3.46 (2.75-4.34) 6.94 (5.42-8.90)
Male 0.96 (0.84-1.08) 1.49 (1.32-1.68) 2.51 (1.96-3.22) 6.85 (5.31-8.85)
Combined 1 - 1.51 (1.38-1.64) 3.06 (2.58-3.63) 7.04 (5.87-8.46)

Grade, years .
=3 1 - 2.07 (1.71-2.52) 6.76 (3.51-12.0) 132 (4.70-37.1)
4-6 0.91 (0.78-1.06) 1.48 (1,27-1.71) 2.48 (1.81-3.41) 4.60 (3.21-6.57)
7-9 0.91 (0.78-1.05) 1.18 (1.04-1.34) 2.55 (2.03-3.21) 5.44 (4.30-6.89)
10-12 091 (0.56-1.47) 0.73 (0.57-0.93) 1.25 (0.70-2.22) 721 (4.52-11.5)
Total cholesterol, mg/dL
<200 1 - 1.52 (1.39-1.66) 2.93 (2.43-3.53) 6.70 (5.46-8.24)
200-249 123 (1.01-1.49) 1.89 (1.57-2.27) 4.69 (3.07-7.16) 9.84 (6.86-14.1)
250-299 2,10 (1.23-3.58) 2.35 (1.47-3.76) 7.52 (2.53-22.3) 25.1 (7.77-81.3)
=300 2.83 (1.54-520) 3.32 (1.85-5.96) 9.67 (2.15-43.5) 17.9 (2.32-138)
Urea nitrogen, mg/dL ;
<23 1 - 1.51 (1.39-1.65) 3.04 (2.56-3.61) 7.03 (5.85-8.44)
=23 1.81 (1.08-3.02) 221 (1.25-3.89) 122 (1.53-97.3) 16.8 (2.12-133)
Creatinine, mg/dL :
<13 1 - 1.54 (1.41-1.69) 3.15 (2.61-3.81) 6.92 (5.63-8.49)
=13 1.15 (0.94-1.40) 1.52 (1.31-1.76) 3.00 (2.11-4.28) 8.10 (5.69-11.5)

aOR: adjusted odds ratio
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