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(2) #x#H&

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 suffered from this problem in
significance. There were 60-100 deaths annually from stroke before the age of
20 years in Taiwan. In the mass urine screening between 1992 and 2000 for all
elementary, junior and senior high schools students in Taiwan Province, 5,792
students with hypertension had been identified. Students with 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 groups of
students have been found to be glucosuria, hematuria, 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 progression 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 procedure 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
clinic visit schedules, medications and other procedures.

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

1-(2)-1



6. To obtain risks within patient 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 screening 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. In 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 study, we therefore started the
study subjects recruitment effort targeting children in Taipei area, attempting to
establish the study standard process and protocol, presently we have also started

recruit study subjects in the Taichung area.

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 mean+2 standard deviation were also excluded. After 5792

students with hypertensives were identified based on the American Heart
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Association criteria of blood pressure classification for children, 5792 controls
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, and 279 hypertensive students in Taichung 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 measureé about the questionnaires were the life style recall and
health histories of the student and parents.

Element health examinaﬁons 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 188 hypertensive cases and 274 controls between May 2006 and
October 2007. We expected to complete 500 persons by the end of December
2007.

Data analysis was based on the data of these 462 persons who had completed

the follow-up check up as of the end of October 2007. Cases were younger than
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controls (19.87+£3.11 vs. 21.31+3.55 years, p<0.0001) and more likely still at

school (69.7% vs. 52.7%, p=0.0003). Both cases and controls were similar for
life style and dietary behavior, although 34.4% of cases and 22.2% of controls
had habits of exercise (p=0.013). Analysis for health history showed that cases
were more prevalent than controls for diabetics, -hypertension, kidney illness,
and gout.

The average blood pressures were higher in cases than in controls with greater
differences in males (systolic blood pressure [SBP]: 121.1+17.94 vs. 110.9+9.89
mmHg, p=0.0001; diastolic blood pressure [DBP]: 79.2+15.0 vs. 70.1+£9.90

mmHg, p<0.0001) than in females (DBP: 67.7+12.2 vs. 60.3+10.7 mmHg,
p=0.0006). We also found a higher average BMI, waist circumference, and waist
to hip ratio (WHR) in cases than in controls. 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 high

density lipoprotein cholesterol (HDL) (48.52+10.28 vs. 51.45+10.07, p=0.0003)

and insulin ( 8.37£9.34 vs. 6.44+6.57uU/mL, p=0.0067 ). The average values in

urinary examinations were higher in cases than in controls and significant for the
albumin excretion (56.1+233.1 vs.34.2+175.2 mg/g, p=0.046).

The ultrasound measurements for the common carotid artery showed that

cases had higher average RCCA (0.524+0.072 vs. 0.433%0.043 mm, p<0.0001)

and LCCA (0.527+0.073 vs. 0.431+0.053 mm, p < 0.0001) than controls.

Among results of analysis in pulse wave velocity (PWYV), there was no

significant difference between cases and controls in the average of heart-carotid
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PWV (hcPWYV), heart-ankle PVW (haPWV), and ABI (ankle-brachial index).
We found =20 years of age (OR=3.66), being boys (OR=3.73), with

prehypertensive status, high total protein (OR=5.23), and high blood glucose
(OR=4.95) were associated with high baPWV. Hypertensive children were 36.6

times more likely than controls to have an IMT at =75 percentile.

The above referred results were all derived from univariate analyses, with few
multivariate analyses, attempting to identify potential factors associated with
hypertension for the participants in years one and two follow-up study. We
expect to have a larger sample size in year three of this study and to perform the
analyses using stratification and multivariate models with more representative
outcomes. As of the years one and two preliminary data, we were already able to
identify obesity as an important anthropometry indicator associated with blood
pressure for adolescent and young persons and adolescent hypertension was
associated with atherosclerosis. With the years one and two experience, we will
be able to recruit study subjects simultaneously in Taipei and Taichung areas in
year three, and possibly in Taichung and Tainan area if instruments are available.

Baseline Data Study

In addition, we also conducted studies by analyzing the baseline data. This
year, we have participated in two international conferences to present our
findings. One poster presented at the 18™ meeting of Asia-Pacific Society of
Hypertension entitled “Risk of Hypertension among Children with Urinary
Screening Positive for Proteinuria, Glucosuria, and Hematuria” in November
2007, Beijing, China. The other poster entitled “Body Mass Index, Cholesterol,

and Hypertension among School Children in Taiwan: Results of National Mass
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Urine Screening Program” was presented at the 18™ WONCA World Conference
(World Organization of National Colleges, Academies and Academic
Associations of General Practitioners/Family Physicians, WONCA), in July
2007, Singapore. The latter article was presented by the doctoral student with
this study. Both posters are attached as appendixes I and II.

We also completed a manuscript developed from the baseline screening data,
entitled “Childhood hypertension in association with obesity and hyperlipidemia
in the mass urine screening in Taiwan”. This article has been submitted to a

prestigious journal.
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INTRODUCTION

An annual mass urine screening for proteinuria, glucosuria, and
hematuria among approximately 3 million school children 6-18 years of
age was conducted in 1992-2000. The authors compared the hypertension
risk among the three types of screening positive students.

METHODS and MATERIALS

Subjects were 103,840 children with known blood pressure conditions
after excluding data with no identification (n=63,800) and no blood
pressure measures (n=24,561). Hypertension was classified by age
established by the 1987 US Task Force.

RESULTS

The prevalence of hypertension was 5.58 per 100 among all screened
children. Compared with children with hematuria, children at higher risk
of hypertension were those with proteinuria (odds ratio [OR]=1.16, 95%
confidence interval [CI]=1.08-1.26) or with glucosuria (OR=4.27,
95%CI=3.29-5.54). The multivariate logistic regression analyses showed
that body mass index (BMI) had strong inverse association with
hypertension in all three types of urine test positive children. Compared
with children with BMI less than 18 kg/m% students with BMI of 27
kg/m’ and above had the ORs increased to 13.7 for glucosuria positive
students, 6.89 for hematuria positive students and 6.22 for proteinuria
positive students. Associations also were inverse for cholesterol and

blood urine nitrogen levels among proteinuria positive students.
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CONCLUSIONS
Obesity may increase the risk of hypertension for students with positive

test for proteinuria, glucosuria and even hematuria.



192,213 children with third screening test

:

128,413 with ID

A

63,800 with no ID or ID duplicated

v

103,852 with SBP and

DBP data

24,561 were excluded for blood pressure data
missing or unreliable

A

y

12 unknown grade

103,840 known grade

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

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

\ 4

v

5,792 hypertensives

98,048 non-hypertensives

44—

Frequency matching with sex and
grade and selected randomly

A

5,792 non-hypertensive controls

v

y

8 urine test unknown

6,676 with proteinuria

y

358 with glucosuria

4,542 with hematuria

Figure 1.The screening process of hypertensive cases and controls




Table 1.Risk of hypertension in the multivariate logistic regression

Proteinuria Glucosuria Hematuria
N=6,676 N=358 N=4,542
OR (95%CI) OR (95%CI) OR (95%CI)

Sex

Female Reference Reference Reference

Male 0.98 (0.88-1.09) . 0.45 (0.24-0.82) 0.88 (0.76-1.01)
Grade, years

<3 Reference Reference Reference

4-6 0.86 (0.73-1.01) 1.10 (0.39-3.15) 0.75 (0.63-0.89)

7-9 0.77 (0.66-0.89) 1.38 (0.51-3.73) 0.64 (0.54-0.75)

10-12 0.57 (0.44-0.74) 1.13 (0.32-3.99) 0.39 (0.27-0.56)
BMI, kg/m’

BMI<18 Reference Reference Reference

18< BMI<24 1.45(1.30-1.63) 4.01 (1.61-9.98) 1.61 (1.41-1.85)

24< BMI<27 3.11 (2.44-3.98) 7.12 (2.41-21.0) 2.95 (2.29-3.81)

BMI =27 6.22 (4.86-7.97) "13.7 (5.32-35.1) 6.89 (5.05-9.39)

Cholesterol, mg/dL
<200
200-249
2250
Albumin, g/dL
<45
4.5-49
=5.0
BUN, mg/dL
<23
=23
Creatinine, mg/dL
<13
=13

Reference
1.25 (1.06-1.47)
2.20 (1.64-2.97)

Reference
1.10(0.99-1.23)
1.14 (0.92-1.430

Reference
2.16 (1.39-3.35)

Reference
0.99 (0.87-1.14)

Reference
2.01 (1.04-3.88)
2.01 (0.77-5.300

Reference
0.78 (0.40-1.52)
1.25 (0.31-4.96)

Reference
0.22 (0.05-0.94)

Reference
1.69 (0.81-3.52)

Reference
1.13 (0.93-1.38)
1.36 (0.75-2.49)

Reference
1.23 (1.08-1.40)
1.41 (1.08-1.85)

Reference
1.26 (0.57-2.78)

Reference
1.05 (0.86-1.29)




Risk of hypertension in the multivariate logistic

regression
OR (95%CI)
Sex
Female Reference
Male 0.97 (0.90-1.05)
Grade, years
<3 Reference
4-6 0.97 (0.87-1.08)
7-9 0.96 (0.87-1.05)
10-12 0.90 (0.75-1.07)
Urine test
Hematuria Reference
Proteinuria 1.16 (1.08-1.26)
Glucosuria 4.27 (3.29-5.54)
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University Hospital, Taipei 100, Taiwan

* Department of Family Medicine, China Medical University Hospital,
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S Department of Pediatrics, National Taiwan University Hospital, Taipei
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Background: This study investigated factors associated with the
childhood hypertension among students with urinary screening positive
hematuria, proteinuria or glucosuria in Taiwan. Methods: Between 1992
and 2000, a national wide mass urine screening program for hematuria,
proteinuria, and glucosuria was conducted annually for approximately
3,000,000 students aged 6-18 years. About 103,756 school children found
to be two times positive of proteinuria, glucosuria, and/or hematuria, and
consequently receiving a third urine screening test and a health check-up
for blood pressure and blood biochemistry measures. Results: Among
103,756 students, 42793 were hematuria, 58060 were proteinuria, and

1573 were glucosuria. The prevalence of hypertension increased as body

mass index (BMI) (p<0.0001) and as cholesterol (p<0.0001) increased.

Students with glucosuria positive and at BMI =27 mg/dL had a highest
prevalence of hypertension (32.25%). The multivariate logistic regression
analysis revealed that hypertension had much stronger association with
BMI than with cholesterol with a significant dose-response relationship
particularly among students with glucosuria. Among students with
glucosuria, the odds ratio (OR) of hypertension was 11.8 (95%
CI=6.40-21.8) for those with BMI=27 kg/m’ compared with those with

BMI< 18 kg/m® in the multivariate logistic regression. There was also

significant dose-response relationship between hypertension and BMI
among students with hematuria or proteinuria, but with smaller odds ratio.
Conclusion: Our findings show that the childhood hypertension has a
strong association with BMI among students with urine screening

positive.



Table 1. The characteristics of school children with hematuria, proteinuria, and glucosuria

Grade, years
Total
1-3 4-6 7-9 10-12
Boys N=5,585 N=8,595 N=18,987 N=5,691 N=38,858
Hypertension, n (%)} *457 (8.18) 432 (5.03) *1306 (6.88) *195 (3.43) *2390 (6.15)
Hematuria, % 51.17 37.85 19.09 17.40 27.60
Proteinuria (light), % 24.73 34.01 49.54 49.04 4247
Proteinuria (moderate), % 14.32 17.39 19.04 17.61 17.79
Proteinuria (heavy), % 8.56 9.35 10.71 12.97 10.43
Glucosuria, % 1.22 1.40 1.62 2.99 1.71
All, % 100 100 100 100 100
Girls N=11,012 N=20,366 N=25946 N=7,574 N=64,898
Hypertension, n (%)¥ 712 (6.47) 1035 (5.08) 1527 (5.89) 124 (1.64) 3398 (5.24)
Hematuria, % 54.63 44.07 51.10 57.41 50.23
Proteinuria (light), % 24.39 28.72 24.99 20.78 25.57
Proteinuria (moderate), % 14.20 18.64 15.07 12.07 15.69
Proteinuria (heavy), % 5.90 7.26 7.31 7.39 - 7.06
Glucosuria, % 0.87 1.31 1.53 2.35 1.44
All, % 100 100 100 100 100

*» < 0.0001 for Chi-square test compared with girls
1p<0.0001 for Chi-square test between grade
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Table 2. Hypertension prevalence (%) between body mass index and cholesterol among
school children with hematuria, proteinuria, and glucosuria

. Light Moderate Heavy .
Hematuria T L. .. Glucosuria
Proteinuria Proteinuria Proteinuria
N=42,793 N=32,657 N=16,878 N=8,525 N=1,573
BMI, kg/m® - Cases (%) Cases (%) Cases (%) Cases (%) Cases (%)
BMI<18 666 (3.67) 622 (4.18) 322 (3.96) 214 (5.38) 15 (4.63)
18<BMI<24 1028 (4.89) 826 (5.32) 422 (5.45) 277 (7.15) 50 (10.4)
24<BMI<27 196 (8.68) 132 (10.9) 54 (9.71) 58 (16.3) 43 (17.3)
BMI =27 222 (16.2) 226 (21.2) 112 (24.7) 62 (19.5) 168 (32.3)
p for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Cholesterol, mg/dL
<200 1833 (4.79) 1566 (5.30) 749 (5.01) 425 (6.15) 115 (12.3)
200-249 255 (5.85) 199 (6.85) 134 (8.14) 97 (9.36) 123 (25.6)
250-299 24 (6.59) 32 (11.0) 24 (10.1) 31 (12.1) 34 (24.5)
=300 3 (5.36) 9 (15.3) 11 (15.3) 64 (16.6) 10 (22.7)
p for trend 0.0010 <0.0001 <0.0001 <0.0001 <0.0001
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203 £ 5 B ABRBASLTAREYL 68 EF4%F 1800 At
BB o2 fFia g BA T RER > HEE %3_&5@@%%&%:—
 BHTREAZLBERENEHN  BRETLRAEE Ao aBRHA
PR EISE 9.0 CBREAREF 2.8 4[R], R18] - B4 Fm
BB EBREANMATRACAEERSZBAL LK -BHENEE
REFMAARRK Bt RE—RBAM T LB RARANEMN
¥—E—BEF ABR2 - Ao RRBOEFRS  HAKE
LFTE T BRACREGRINREF R SRBIPIERWERICYE
Z2RBAZ—[R3]- HtRLIEL » AAHSLBERENF D FFH[RY,
R19] -

BhBREIEENEZREFNA BEZE ANHLEFATL—THK
BAEERRATFEFARBHEHEREAE HEEHELHBNL -
ENEF Y ETRABPIREE 0 B TAHSRBREREZLR T4
B EREEMERE T -

PEZHRFIVSHTRAARFAGBRERAAR  BR&EA LA
ZRK > RITE 54 1996-2003 FREMBLEM > BREDF S Hak T
R BRFANBR oty RALAELERPREBETEL A

(subarachnoid hemorrhage)#) % — RAEE 35 & A 4 4 198,000 7T » Lt
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ischemic stroke(F35 50,500 t)# %A 4 4= & - tb transient cerebral
ischemia(-F35 16,000 T)EE 122 % - AN EFVE S Bt Bk
10 3%, 24 F /7269 F35 & A (114,000 7T) b B A(61,600 7T)E 4 5 & 7T X
LR30] RERHAAI £ HaBOFE RAF ) Fey PRLRETF
FRLARPIA  HoBRHBERRER -
JEHESABRNEZLAREF  HBNRBOTZTF BOZTFE
& /Be il » Chuetal [RS] BHBEFZZL 2748 KL 354
SEEBEAARES A A 255 1448 BEKARNLEHEIL - EH
ERRBRALNEEYE EBAERF IV FRMHABITREAESR
FH e YRS, R6] - BRI S FLE(12-15 R)EABATRR
1982 4-#4 10.1% > L7+ % 1988 £ & 1996 84 11.1%[R6] » MiRig &k
MR 2002 $6£HE 618 RAERF VP EIRHBEAE S
16.8%( B 1 : 18.5% » 4tk 1 15.0%)[R1] - BBABFERE » LT 8
FY S ORMBAT RO B M g H[RT] - 1999-2000 ¢ £ B
B L % % ¥ & (National Health and Nutrition Examination Survey,
NHANES)Z 7= 6-11 Re9 B ERRBEBEAT R S 15%[R8] » 2003 £ £ H 42
HATBEINEZERRBITEREE 24% 0 wE AR T-13 RATHEBEEITE L
#1981 -89 5%+ & 8] 1996 £ B 3269 17% R 48 15% » Bk 38 Ao

T 3 £[RI] -
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MELERMBITENMN SBRKELE FEIAHMEHE[RY,
R10] - £ B4 %4 1988-1994 & 1999-2000 4 [R81 & =k &9 B R4
A A ENHANES) > %3 8-17 RE £ 6Tk BB EBF# - HH R
MAARE LI T 1.4 mmHg(95%T 15 F % 0.6-2.2 mmHg): @475
B4 St & T 3.3 mmHg(95%7T 15 Fk £ 2.1-4.5 mmHg) - MR 2002 F
MEE - ARAME 10-19 REEZ LR BT F HE 45%[RI10,
Ril]- ABMEELEAFT O ES0BRARKEA — LG BF
B o #le Lin et al[R12IFH% 136 AR BHZH 0 BHF » EHK
¥ % (coarctation of aorta)fw 2~ % M 4 BER B (systemic lupus)% & fo B
HER AHATLAR °

BEMFALEBEEBLBRRRSETFRAN & SRTES
$¢(body mass index, BMI) ~ 4835 Bl 82 - & % B 4G Bl 8% ~ 1R B MG B 8%
BMELET S - AR ERABHHLERF I FAHF LAERSAR
MR EnRE ABRBARBEFEREHRZIZ -FHFISEHLBGH
RERERS R -

%4 % A % % R B 4 £ 4242 £ & € (The Chinese Foundation of
Health, CFH)4 1992-2000 4£F %7488 ¥ R ERRER R
BEEE S ZEhBL  REGERRA LT AF = RFESN

B¥mhE O FEH HESARENEZRE B ERARLK
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A E - BB L 12630 £ 24 F Z aReYMEE - TUBHF %
$ R R H M F £ R (essential hypertension) Fv 0 B &k B M & 4 B
(secondary hypertension) * % £ A B S AR LE - WH M S 0B R
RERGH BRAEMEELFRE > BB EHLITHE -
ARARANRELEGEREF I RLERRGREH RBZ0R
REIB B FIERLBER  BHARHAERFVES R

HAEABRBAFUARFVESGLRGEBELE URBERTAHZLE o
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A Bk
— ~HAHER - BHRE AR

FEEERREL N 1992 £ 1999 £ HFR2HTH—KL
RMa ke HEAGBEF 2@ FEKEFTZFR)H
B 21992 £HLHA 2,615207 ABZHR 1993 F2 4 HBEHY
# 2,932,000 £ 4 4 % 5 #x[R13, R14] - %%;ﬁ 128413 (xS 4A Z 0 F
ZREBBREEIGHRE(R ) R4 HEERREG L - KiE
RELGHEREHREBRITH - REBRF @RS bR BRHLBRR
% 0B RAEILKA -

BHRAEHEY O BEFROE NI RER REABCRES
6 4% R [R1S]H R ) 80 40 B 5 B (ko T &) 4 103,840 f1 5 A 3%
Wk 5,792 AR H B - RGBT A E BT EME(E 2004 4 F)
PIRHFAEH > BREL A RTEERRLATLIR  REMR
REHHS0BE 4K 3,418 41 o 4 103,840 2 4 + » & 98,048 f
FEERR AP HEALLBSYS3M AL aBYRaARAEE
—EHVERRBRERY R - RFEF_F oL s PHEHBEREST

B HE o
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Age SBP (mmHg) DBP(mmHg)

6-9 >122 B >78
10-12 >126 B >82
13-15 2136 = >86
16-18 =142 & =92

EARIVED 530 BEFIRE 0 5 RS L FH L
ﬁ%&’&ﬁ%&%ﬂii&ﬁ@ﬁ%ﬁ%ﬁ%%ﬁ&ﬁﬁl&%%v
B TR AR KRR EA KRS 2
AN RSB B A L B AL TR E o
R AT S BB M E D AR SR RE
S &b BEHRE BRI RHBIRTRE - £ LR 2R
EROBEMA AMXTBRE D EHTHM  HemMDRERS
B0 SRRRRRENE  ERRLRRLRE AED 4D
Mﬁ%%ﬁ’iaﬂ*ﬁ%&%éﬁnﬂ% BRIV TRFRAGKRFES AR Y
FlEMAHREMENR LHBLEVPELFRBREGUIES R
BARE FBARATNS —AHB  SREFFBERE -
EHWRRE R BT ET S ERES R R D
FonFREME  MANEQEADEEEERLEH - BRAL
HRE  BALEENE  BARR L - RERGLB I LBAR
ERREERL  ADBPHEAIMI - S8 SH - ME - HAH
F 25 RAOMY  HERE  BE  HERKE - FEEA - LA

HRABRIITE -BERINBBOEEFTMARTH T - 45 - &

19



B HREGEY  PRE - TAUBKR ATRAYF2EE%%
HREEY  REAMELEFEH - RFFRTAE IHER -RF
FILLHEREES - MALEEEABLTRN - BiE - B
B ik KREEAR S BRI  BHE HE AR i
Bobt - HEE SRR R R EREURE - BARR L LR
B~ BB B bR - S HR ~ CARE - BROR R - Ak
BEam - KERTHOEES 45 BE-HFLE -BE-A
B RFBE AT REN - EHTE AFAFRELYE - B
ERLBREERLASHAERCERER S0B BYE B
% BRR - RR - BEE

AHENE - ANABLSRASHRERETD £ 50
EHARE - B 20079 BML  BMECETHERASHZE
REATTHMEV ERRERKRE HRAE LS PTREHA
RBMEFNEE  ARRHEA SLE)AYBRE(ES0R) &
FRE2I9 B BAEY  BHHARLEERBRETOF B £
2007410 A &4 BARBGRELLERKRE ELRAAEER -
RECTAHRAL T RNORE -

BMAREZOREABAHEGH B ORRFRAEE BE R

ERBPLAOKRERM - AREZN BATLAAIRERAKRES
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REREE > BAFXREALEREAEET X BETRE-VF S
BREHMRENNECHE  BE2RE(AHELS  BE -BAARE
F)~ £ E(EHE 0K A FIR) ~ Dynapulse R %3] ~ SESARAZ &
% & colin fn. % BM ¥ o
1.2 £ s -
afEss BRE-BE - -FEH- - WEE - FREE -
2 BARE

kB @45 8% G ¥ (total protein, TP) ~ % & & & &
(microalbumine) - AL & &F (creatinine, CRE) - & & & # i % (albumin
excretion rates, AER) ~ $q&F(Na') - 78 F(K") ~ £8F(CD) - iz
(urine glucose) ~ fk%& & (urine protein) ¥ & o
3AhfiRE ¢

f kA E IR B @35 G 3k (white blood cell, WBC) ~ 4z o 3% (red
blood cell, RBC) ~ sz &, 4% (hemoglobin, HB) ~ -]\ 4g(platelet) ~ =& P 4
¥ (neutrophil) - =4 &% M 3 (eosinophil, eosin) ~ =& sk £ 3k (basophil, baso)
# & 3K (lymphocyte) ~ # 4 3k (monocyte) ~ 48 i B] &2 (total cholesterol,
TCHO) ~ % % & #% B 8% (high-density lipoproteins, HDL) ~ 1& % & fig B
&% (low-density lipoproteins, LDL) ~ = & + i B5 (triglyceride, TG) ~ 448

F(Na") ~ 478 F(K") - £ F(CI) ~ 4% & & (total protein, TP) ~ & &
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& (albumin) ~ 3% & & (globulin) ~ 5 & (uric acid, UA)~ sk % f.(Blood urea
nitrogen, BUN) > AL 3 &F (creatinine)
glutamic-oxalacetic-transaminase(GOT) .
alulamic-pyruvic-transaminase(GPT) ~ fn #% (glucose) - A& & % (insulin)
%o
4. Dynapulse & 4 8 €3] :

£ /& % ¢y Dynapulse(‘E B 2. & - Bk 4% )(Company: PMI » SanDiago)
BoK4R fn B3 AT BB HRAF © Dynapulse® (& Al — & 8 2 B & R,
£(Cuff) > f ks & BBHEA ~ HFL > RRBEBBATHE S
WRE BB TARERBREME - ERARBIBEAHKERE AR
Sk f B RAE > R EE TS BRS8N ERRBAZMIKD
o B i B AR B AR 6 o B BRIR1E BRI RIS W
Aok o Dynapulsety# k4 (+2 mmHg) 7% &t K44 oo /B 3+ 32
EF Bt BURFFEANGF X > BF T L8001 AR 2 2K
R 0 K BB AR B AR E R % ey e A A MR - T E R
RAE N BEREFRAGHEUBALFRE > ARABM AR
o ZRERAKRET » FHERERL258%  HBEETHER
BRAEAFERFAE RBEIAHIAERR  BREARED2S

ﬁo
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SEHMKATEKRE -

A ARAR ik A48 P 8948R B & Sonosite Titan (Sonosite @ Bothell,
WA) - Bl &38R B 6035 : #8358 Ak(Common carotid artery, CCA)#4 T34
BB #& KB K ~ W8 &k (Internal carotid artery, ICA) &34 B & &1
RREE ~ BB A F MR (bulb) ey FHEERRAEE - BB
At % # (plaque score) ~ A E Bk % N F & & B K (intima-mediate
thickness, IMT)% - IMT #43F46484% RCCA1(E Mk 0-1 cm £
IMT) ~ RCCA2(4 S # Ak 1-2 cm & # IMT) ~ LCCA1( £ 35 %8k 0-1 cm
R IMT) ~ LCCA2 (£ 35 #8k 1-2 cm & # IMT) ~ RCCA (% RCCALl
B RCCA2 #4-F3444) % LCCA (% RCCA1 & RCCA2 & F3444)
6.Colin . & 581 & 7] :

RPEENREER » RIPAE S (supine) FHELEAR L £
FERETER - WEFTHBERIFAE22-25C- ENRLE LR
EHF c BRI ENFHLAEM 23 REFFR - SRAHFFZHERYE
FEME RE—HER FERTHFIEART  REZELEAWR
MRE -REFHMYI N E - F—REBRTHBAEHSHEESH
Rk BAARAREF EUGER LR FHF REN L LRE
FOBGDSBEEFRERE - CHARRWELLEBALRES

BIRF R 8RR RS EIRAKAR & A A8 A B AR
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REFERMAE -
= EHRRERSW

BAVEREFHRETHRD 5 0B E T MR AExcel & #
o BHEEEREMEBALR  §— %RFELBRAES A (frequency
distribution)i& & > AR S LY B » AR AR E - HFIFBE
PREHFRAZLBRESBEGF I ETNRARGVEARER
B BITRHIHBHRE RMAREEASH LB AR HRBYR
Fle #IAEFRERIMELEEHAD FEBBRETH T HBNE
3% (categorical variable) > (b R M B B HBRAZ NEEAHIH £
B2 GManafRBERGIEESHE > SBP=2140 mmHg% &
@B - 435/ 290 mmHg & %8 « BMI>27 kg/m’ % AEB ~ B (%
M=90 cm 0 =80 cm) A AR R ~ BRLL(FH=09 ) H=208)4
FEREHE o Ut E(ttes R BB ABH RaEaZ My EERF A
@8 -BMIRGEEES)NTFHHZ LR - ZEBUSLARS B
THEFIM AR - RERE =908 4t AIMT=757 4 th &y 48
R > 3 E R AR (odds ratio, OR)&95%4: #8 & F(confidence

interval, CI) » AT # & F 7% & UApfl <0.05 B EKE -
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£ 88X
—FOFECARETRRMETH
(H)F D FBATH

22007 £ 10 A RAVKIHEHR T 462 A% D 45 5 0 R EHR
oAb mpslas 188 42(40.7%) (& 1) > T3 45# A 19.943.1 & » &
HB @274 At 21.343.6 R F88(p<0.0001) - mhHla%iBALUE
HE O E M B N(56.%H 65.9% > p=0.034) » 5 4] 4247 3.2
BB L BB 4 5(69.7% 4 52.8% » p=0.0003) > FEEAKRN T &
U E SRR R SR 4 8% 9] 48 5 (44.1% 8 31.8% > p=0.02) - i} 4 B
25 REABA C BAKEUARAERRAEZAERSRERBRAREA
GESE-Y-E -3
(=) £FHE - REFTBERBER L

Bl B AT B 4 $ HUE (344 # 22.2% » p=0.013) » o5
WA HERBRAOEENEREZLER2ARLI) - AL &
HEBAB - RE AR -3 58I RARE - KEH o
FEHBRIBER » FREZFHERE -

RAwBRaER L BEEABAR  S0E - FHEA AR
BREHBILABINHERe e nahaismtsa

MmEEBAR FRRCIEESGRKE -
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(=) KMAADEEH - £FREPER FLE

BMERAHRBE RHEOXRBRFE BREAHAGARE 1 E -
BERBMI MAKFTREAREMASBEELA(RS) ALY
FHBT RPANKRBANARD TR T LB RESE
BiE CREM EHTERBLEARARREBRELRE(R 6)° F
AAROBARAGTBRES LRBEAZTEER -
() BRHACEEN - AT HEPREE LR

BEAHRBRE Bl FREBRFR(EKT) $KRFAHAT
mg&H RERBMI URKFTRELAREMASBRELE - £4 7
HMEF T 3 BE - BEM - EHFTEARCEFARARSBRE
ER(RY @SR BEARAZARRELLERELE -
—EERE

AIORNARPEAHBEANEERELERALB RO BHR
BETHEGRBELR  ERfELARETRIOIHRE
(62.5+16.1 # 56.6+10.8 kg » p<0.0001) ~ BMI(23.3+5.28 # 2094313
kg/m? » p<0.0001) ~ A& E(75.2£15.4 ¥} 67.0+8.88 cm » p<0.0001) ~ &
B (96.249.56 % 90.8+6.41 cm ’ p<0.0001) + A& % 16 (0.78+0.11 %
0.74+0.06 > p< 0.0001)~ 4 4% & (110.6+17.2 # 106.3£9.98 mmHg > p=0.01)

LA R AT 3R B (72.0£14.1 # 66.3+9.51 mmHg > p<0.0001) -
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B ZWsAON FRAGUHBEARBRGTHES
(167.0£7.08 # 172.546.27 cm » p=0.0337) - fe & S &) R &
(73.3£17.2 #} 64.3£10.4 kg » p<0.0001) ~ BMI (25.4+6.08 ¥ 21.6+3.08
kg/m® » p<0.0001) ~ F& [H(83.1£14.2 # 72.4+9.88 cm » p<0.0001) ~ &
B (99.9+10.77 # 93.5+£5.9 cm » p<0.0001) ~ 52 &k 1£(0.83+0.074 %
0.77+0.08 » p<0.0001) ~ 445 /&(121.1217.94 # 110.9+9.89 mmHg
p=0.0001) 34 & 4F 7% /& (79.2+15.0 # 70.1+9.90 mmHg » p<0.0001)#4 F
PE AT molaaENERan s SR 2858
¥ 88 £(56.2+11.5 # 5224831 kg > p=0.004) - BMI (22.1+4.33 %
20.6+3.11 kg/m’ » p=0.002) ~ f& [ (70.6+14.2 # 63.846.45 cm » p<
0.0001) ~ % [ (94.1£8.09 # 89.3+6.21 cm > p<0.0001) % 39
(0.75+0.12 #t 0.71£0.04 » p=0.013)3X & 477 & (67.9+11.8 % 64.1+8.58
mmHg » p=0.0006)% ; 2 ERARBNI KRBT LR -

HaBSH S ABHRE - ZLBRATMAER R BMI 4 4<
18~18-23.9+24-26.9 & 27 kg/m’ » 2B ~ B B R B b AU A B bE 8%
& 10 BT Rl daty & o B B AT R A B SA H B 4.(9.04%% 1.09% » p
<0.0001) » % ¥4 B (= 130 mmHg) (10.64%%f 2.19% » p=0.0001) & %
47 7% B (= 80 mmHg) (26.06% %} 7.66% » p<0.0001)# 2 4T % 4, & 5 451

EHNHRE RGO ILHRBAFRGE S REHBAQ1.8%H

27



4.36% » p<0.0001) - BB 1L i8 & (18.09% ¥ 1.82% » p < 0.0001)%v

BMI =27 kg/m? (19.2%%} 4.73% » p<0.0001) -

KB BMl 4k BERFTBAREBELEIFTES  LLEHBa
Fom @) SR 0B AT R GG FHRBERARHRA
Wik EE T A%t EE W RE BMI=24.0-269 kg/m’ B ey i B
(111.1£12.5 % 105.6+8.97 mmHg > p=0.0109) (% 11)° £4FRB 4 » B
S F > % BMI /-7 18-23.9 kg/m? (70.5+14.0 # 66.2+9.66 mmHg »
p=0.001)& BMI £ # 24-26.9 (71.4+10.2 # 64.9+99.0 mmHg > p=0.006)
B mAl A PHARERRERBAN S - MR TR E R K(80.8+15.4
# 71.0+102 mmHg > p=0.035) & & & X (69.6+12.8 # 66.1+9.44
mmHg > p<0.002) > R & B2 & B tb & B X (76.6£14.0 ¥} 63.2+8.07
mmHg - p=0.02)§§.7Fi1‘§)i(71.0ﬂ:i4.0 # 63.4+9.54 mmHg > p<0.0001) -
Bl T ERBRERBHBERFES
=~ ARE
(—)f ki E

2 R B REH 0B RSTHE -  EFRMAEAIHT  REIER
ZHEWIAB RE o FHA(R75.7£60.1 # 257.4+52.1 k/pL »
p=0.0008) ~ 34 4 dn 3 75 #%(86.8£6.91 ¥} 88.2+7.88 fL » p=0.0009)#v
34 do 3K o 4 (28.5£2.75 # 28.9+2.43 pg > p=0.038) B AR H1 B
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4 > RDWSD(41.242.57 ¥} 41.8+2.77 fL » p=0.025)8] & 7 5] 42 3 # &
K- R aak Lo wubiFSReRErhamteins
2R

&m%ﬁi%fﬁé_ F(& 13) BRHBE > & @eh) T34 E 8K
% HDL (48.5£10.3 #} 51.4+10.1 mg/dL > p=0.0003) ~ 44 F(140.2+2.65
# 144.6£3.70 mmol/L > p<0.0001) ~ 7% F(4.16£0.31 ¥ 4.31+0.37
mmol/L » p<0.0001) ~ & #E-F(103.7+7.93 #} 107.7+3.04 mmol/L » p<
0.0001) ~ 48 /%& & &(7.65+0.49 # 7.87+0.46 g/dL » p<0.0001) » & & &
(4.85£0.29 # 5.0120.25 g/dL » p<0.0001) ~ ¥ % & (2.80£0.32 #
2.86+0.33 g/dL » p=0.023)3A & sk % £.(12.0+4.20 #} 12.5+3.21 mg/dL >
p=0.0294) - MR & FFH AN RE KRSl AR H B @ 5(8.3749.34 #
6.4426.57 pU/mL » p=0.007)
(=) E

AR F ARl R aBEELHARUBES
(56.08+233.12 # 34.21+175.19 mg/g » p=0.0458) (& 14) - % 64289
P EaEEa IBERASRTFRERLLHBES 2845k Loy
o MBTRGBTRAEZIFHARNRHBARKRAES E2LEHL
it EeyBAE -

W REBBRE
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(—)aEBHRE

AL RAEFERBRELR  RAAHAECELRAHEFRD
488 42(296.47+21.28 # 302.32+17.65 ms » p=0.0055 ) » « - 58 $1 Ak
i B (hcPWV) » - B30 AR L % B (hRaPWV) ~ o5 5 - SR ETAR LR
B (RbaPWV) ~ & 3R 37 Bk 3F 35 4% (RABI) ~ S BE- A R AL R R
(hLaPWV) ~ £ % -3 3% Bk i 1% B (LbaPWV) & £ 3% 37 Bk 3F 45 4% (LABI)
ARG EBBRELE -
()BEHRABE i E

A SEE kAR R F R o H BT - Rl es RCCAL (o.szssco.oso <)

0.439+0.056 mm > p<0.0001) ~ RCCA2 (0.523+0.076 %} 0.427+0.044
mm>p<0.0001)& RCCA (0.524=0.072 #} 0.4330.043 mm-p<0.0001)
HFHAEASRREBRARYEH(EK 16) - L AEHIK R E » LCCAI
(0.525+0.075 # 0.430+0.062 mm » p<0.0001) ~ LCCA2(0.530+0.082
# 0.432+0.074 mm » p<0.0001) &% LCCA(0.527+0.073 #f 0.43120.053
mm > p<0.0001)&3- A LR K ABRHBEAF -
B BRETH

(17 AnplefHBafhR Atz FFRE » R Es) o)
%38 5 (=320 k/pL) ~ (20.2%%} 12.0% » p=0.016)4 AT %38 & (=100

mg/dL) (7.98%%} 2.55% » p=0.0072) ~ HDL i&4&(% <50mg/dL » 4 <
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40mg/dL) (44.2%%t+ 28.4% » p=0.0005)84 B S Lt HBa S 4% 88
%(=5.0 mg/dL) (19.2%%} 44.9% > p<0.0001)&4 B 4~ bt B A 55 5] 48 8%
HBEK -

LPWV=90 B4 tb R4 mpl ety PWV @ % (15.5%% 6.25% »
p=0.0012)F H»tbsx ¥ B4 5(k 18) - £ IMT ¢4t R&E £+ » 22 CCA
(Common carotid artery, CCA)=90 & 4 kb R 4 * &% 6] 4 &
RCCA=0.510 mm (54.8%%} 5.24% » p<0.0001)& LCCA =0.508 mm
(54.1%%f 6.37% » p<0.0001)64 F H LAt H B E H/R %

HAFVEBEBR(F =90 cm 4 =80 cm)~ o /B i & (Y45 & =130
mmHg .47 7% & =80 mmHg) - m %% % (=100 mg/dL) ~ 485k B 5518
%(=200 mg/dL) ~ HDL &1&( % <50mg/dL » 4 <40mg/dL) ~ LDL i&
%(2130 mg/dL) ~ TG &% (=150 mg/dL)% #2555 A B B
Formblas 3 BRAELEEARBEFHBE S LEHREH0234%4
7.66% » p<0.0001) - A BNH B E > Bl s —BLAREF - &M@
AR BEFR=ZMERELREFSOBIEL> A
1.95(95%CI=1.23-3.09) . 2.07(95%CI=1.15-3.73) A
5.53(95%CI=2.98-10.3) (% 19) -

£ RRAVEINF > R RKER X4FRE » BMI - o F LB

B & RbaPWV ¥ Fhm R(& 20) LR S BEMQELSH T > &
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EHTADRERERT - BFKE - KERATHER T~ 24
ERMBEATFRAEBEEER AL FH0E - T o/ MRBF
GEQBS SHHBEBEHR bAPWV=90 G4t £8 & /AT
#8 (prehypertension) & B (% 21) « #Z A baPWV=90 B 4 kb 4
outcome(Fk 22) » HF# =20 & (OR=3.66 > 95%CI=1.55-8.65) ~ % &
(OR=3.73 » 95%CI=1.76-791) -~ 4 & @ & # ¥ (OR=4.80 -
95%CI=2.20-10.5) ~ #%& & ¥ (OR=5.23 » 95%CI=1.30-21.1) ~ B4R AT s
¥ i 5 (OR=4.95 » 95%CI=1.34-183)# & £ B F - £ &Ik AE 1L
IMTZ75 Both)RaMB FHEFBRIMEFEIHP(X23) FD
£ % 0 J&(OR=36.6 > 95%CI=18.6-72.0) ~ & #, 4 #5 = 50 & (OR=4.49 >
95%CI=1.94-10.4) ~ fo/]\4& (OR=2.33 » 95%CI=1.03-5.25)i% % & kB 1%
%(=5 mg/dL) (OR=2.93 » 95%CI=1.28-6.74)4% & $) Bk &2 1L &4 /&I B

F o 2 XM E# =50 R A 4% B F(OR=0.40 > 95%CI=0.19-0.82) -

B 3t

RAEHN XS FHRANRN-EARXVELR G EEREF[R20,
R21] B ¥ S HBALBERD AARBAAKREN R LG
HBREFE-RS  AAFEHRBERAGFKREFYHAEAFRBRERE

B AMRGUBRAGFRRY S ERAFI MO T > HAHBREZRK
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4R (p<0.0001) R 4FHRE(P<0.000)A M - £ZF S RABETHDF
o AagA kot 0 B A & 0B AT HA (prehypertension) gy &£ R b B 4ot
9 6.26 (95%CI=2.87-13.66) - XEKIE HHFREMHEGR FH S LR
H—RHAMRLT] HARRECREFRHALBRERFTHE S
Fb 8% 4 BB 41 1K(56.25% % 65.93% » p=0.0342) » FREMUAZT B 851
&% 7 5] 4B 80 41 B8 48 1R(31.82%# 44.11% > p=0.0200)  CER$s Bk &
HEELROBAMRIC) EARIARXFEEARKLBEZETRREL
MEAMBBEELE FARENAZTNE NS 0B AKR[RLT]
femplEaREREsRE BERSENEEABEELE  TRAR
AFEDENHARGAEBTENK > BLBANERLEABRY £ -
£ 18 mplat  MEWRGBARL S0BR L FHEA L
BRBBAELNBITR FRABAVABHBAZ TAFVEHHES
BBRHALRFRABERECLF I SHHPEZTLBRIAERES - £
AARF HBAEVFIBROA P EFHRAESRBRHOABNE
¥ & R AL % 3.54 (95%CI=1.68-7.44) -
FRHEEaBRYARBEFZ— AHNALERF VSO ERBR
R REEMVERRESE ) LY FRMAREL O 48
[R23] > R EZ @R ERF LV FE L FHEHIRIL[R22] - ERFE

HARMESHLE T TRALEHIRETRTORELH P EF
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RO EZAMBAT  RRIPHELE > 58 54 - B AR
RSB AEFRE B BELABMIFAYELRHEEZRFE -
SR B 6B BE(18.09% % 1.82% » p<0.0001) ~ F& B 18 X &9 BE B
(21.81%% 4.36% * p<0.0001)3% % BMI=27 kg/m’ & B pk(19.15% %
4.73% » p<0.0001) * A FFLBEENHBE - £ S HRAHF
¥ o BMI 4082 2 % & i 4 B (B=0.7243 - p <0.0001) £ 47 7% B
(B=0.5957 > p<<0.0001) o & 4k & R BA T ACBE S % 4 /B 6 75 2048 B 4

= 8 b Ps (triglyceride, TG)R ) £ H R ehial LA SRR
HH[R24-26] - AAXAXHE T > mplae TG FHEARHBANF
EREE - EAEXSBEMEHE T - BN TG<150 mg/dL A
TG2150 mg/dL & A% % B 8 Btk 2 3.46 (1.14-10.5) -

X kTS 0 TR P IR EPWV)RS o B RKBA E
mAAMR27, R28) - AR R TAABAHBRA > K4 baPWV
(brachial-ankle pulse wave velocity) =90 & 4 bu &4 th 4] 8 %(15.51% %t
6.25% » p=0.0012) - £ZR F B FTHBE T > AEN K baPWV=90 B
SHEA B baPWV=00 Bt AR B 0 BATHI6) £ tb A 3.98
(95%CI=1.76-8.99) - }EHB T FEBALYH PWV AZ B E M -
BEFRGAEF I FHRRARFRES -

B S e LA B O e 3 # X BF % (the CCCC study)#y & £ »
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BB R ERARTEESHIRECRRE RR29] - £XFET >
BRREBDYMIEAGIK > mplae IMT FRHYBERE - £&
FERTHEAE T HBAHRE  melas IMT275 8o th(BE&H Kk
BRI E 856 AR5 & 36.60 (95%CI=18.6-72.0) Ba-7 4 V 5%
BRAALELEHRBILHFEABRLEI FEaBRHOABRERE AF
ER - BEBRERFIVFCREFREARFHEZER -
18 ~ B

R 2] 2007 &£ 10 AR T RBEAH B H > AR HK
ARRHBAHRERT S - Rl ERMATARBTHERE
B RRRE—FPITREN SR - RFIBEmBHBKE -

BR-EREREITHIA EFBFSBENHFE FER
TR RH R LS RBRATHRESHENRSIEBAMN -
RELFKOER  ZBMEBTH T FHERE > 524 ehbak -
TEHCLEBL W EREERATR  FHREDL 2 > HMELME
RHEs HwTRIRE EAROPTLETRES - THhAE
AEFEM A E subjects R XML AHEREE THREYHITAF
RREERI  EFB L4 LIHKEAHR S AERBE EHAEK
A BB - RBEG A ERSRKERIN BB ES

HREIFEQF ) FRABRELR AL THT BEEHTT
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Rl RUIGAHREHATREER FILE

e & ) 4a A%
N=274 N=188 N=462 P
P 3 n (%) n (%) n (%) 0.9640
% 174 (63.5) 119 (633) 293 (63.4)
7 100 (36.5) 69 (36.7) 169 (36.6)
£ K 0.0521
<20 99 (36.1) 84 (45.2) 183 (39.8)
=20 175 (63.9) 102 (54.8) 277 (60.2)
EERE 0.0342
B /%) 93 (34.1) 84 (43.7) 177 (38.D)
X2 180 (65.9) 108 (56.3) 288 (61.9)
BE 0.0003
FEEE 127 (47.2) 56 (30.3) 183 (40.3)
24 142 (52.7) 129 (69.7) 271 (59.7)
Ak f& 0.6076
P 265 (97.1) 182 (97.8) 447 (97.4)
% 8 (2.93) 4 (2.15) 12 (2.61)
FEKA 0.0200
<5% 95 (36.1) 70 (39.8) 165 (37.6)
5-6.9 & 52 (19.8) 50 (284) 102 (23.2)
=7 % 116 (44.1) 56 (31.8) 172 (39.2)
HAERE % 0.6873
=2500 252 (954) 176 (94.6) 428 (95.1)
<2500 12 (4.55) 10 (5.38) 22 (4.89)
2-5 REFRE A 0.5348
Vi N 58 (21.6) 35 (18.2) 93 (20.2)
% 189 (70.3) 137 (71.3) 326 (70.7)
B 22 (8.18) 20 (10.4) 42 (9.11)
EZA B EREERR 0.7368
& 130 (48.3) 93 (50.0) 223 (49.0)
—31 90 (33.5) 56 (30.1) 146 (32.1)
IE L 49 (18.2) 37 (19.9) 86 (18.9)
43t

Missing data * F#=2 - H AR E=122-5 REFPA=T - HFLE=3 - B E=8

AR E=3 ~ BRUA=23 - RE RFR=T



k2 plaBHBa s FHERKAETHELE

HEE 5l e A%
N=274 N=188 N=462 P

WA EIE n (%) n (%) n (%) 03316
& 227 (832) 166 (86.5) 393 (84.5)
/8 46 (16.8) 26 (13.5) 72 (15.5)

o5 % B 18 : 0.3552
& 237 (87.8) 172 (90.5) 409 (88.9)

E 33 (122) 18 (9.47) 51 (11.D

B g gt 0.9287
& 266 (97.8) 188 (97.9) 454 (97.8)
e 6 (221) 4 (2.08 10 (2.16)

EEHBIR 0.0126
HRAE 79 (29.3) 43 (224) 122 (26.4)
BEE 131 (48.5) 83 (432) 214 (46.3)

BRTAH 60 (22.2) 66 (344) 126 (27.3)

L 3CES 0.8292
FR 259 (94.9) 183 (95.3) 442 (95.1)
/T HAE T 14 (5.13) 9 (4.69) 23 (4.95)

AE BB 0.2781
BFBH/ Ryl 69 (25.4) 55 (28.6) 124 (26.7)
#HHA 12k 128 (47.1) 76 (39.6) 204 (44.0)
HH3IKRUE 75 (27.6) 61 (31.8) 136 (29.3)

BB ARSER 0.2860
BB K/ R il 52 (19.1) 34 (17.7) 86 (18.5)
£iB 12k 157 (57.7) 101 (52.6) 258 (55.6)
HH3RURE 63 (23.2) 57 (29.7) 120 (25.9)

FEHEE 0.4881
AR/ R kol 6 (220 2 (1.04) 8 (1.04)

FiH 12k 33 (12.1) 28 (14.58) 61 (14.6)
HH3KRRE 234 (85.7) 162 (84.38) 396 (84.4)

KRGFHE 0.1695
8RR/ Rt 26 (9.59) 17 (8.85) 43 (9.29)

HiH 12k 109 (40.2) 62 (32.29) 171 (36.9)
Hi83 kUL 136 (50.2) 113 (58.85) 249 (53.8)

Missing data : 3#5=3 - §iE=8 - "HHEM=4 - EH=6 - FRE=3  ALER=4 - %
#=4 -~ B E=3 - KRS

* Fisher's Exact Test
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A3 mAlQRHREaETYRERKR T HLERER)

HEa bl &%
N=274 N=188 N=462 P

e EA n (%) n (%) n (%) 0.5666
58 A /R hoil 40 (148) 28 (146) 68 (14.7)
£/ 12k 96 (354) 77 (40.1) 173 (37.4)

HA3 XU 135 (49.8) 87 (453) 222 (47.9)

T4~ RAKERH 0.5249
e Y ] 99 (364) 69 (36.1) 168 (36.3)
£#H@12% 91 (335) 56 (293) 147 (31.8)
HHB3RAE 82 (302) 66 (346) 148 (31.9)

/B A/ KRR E 0.8007
B FARE/ Rl 66 (242) 43 (22.5) 109 (23.5)
£HB12% 137 (502) 94 (492) 231 (49.8)
£H/3 KR L 70 (25.6) 54 (28.3) 124 (26.7)

i ASE:SE: Ty 0.1723
BT AE/ Rk 180 (66.2) 129 (67.5) 309 (66.7)
£R12% 67 (246) 53 (27.8) 120 (25.9)
£B3I KRR 25 (9.19) 9 @7 34 (734

BEHIFRAERER 0.6667
B PR H /R ol 157 (57.9) 117 (61.3) 274 (59.3)
#1812 % 102 (376) 68 (356) 170 (36.8)
£R3 KL 12 (4.4) 6 (3.1) 18 (3.90)

o8 who gk 0.3994
$ R K/ R hoil 171 (62.6) 125 (65.5) 296 (63.8)
812 % 65 (23.8) 48 (25.1) 113 (24.3)
£H3 KRR E 37 (13.6) 18 (942) 55 (11.9)

Missing data @ #£=5 - 7] #=5

CBH=4 > BRASS5 - £% 56 - Bopdk=4
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(4. mblaRHEBENBEABL RRALZH L LB

$#HBa ol 4%
N=274 N=188 N=462 P
¥ B % n (%) n (%) n (%) 0.0006
£ 271 (99.6) 176 (94.6) 447 (97.6)
A 1 (0.37) 10 (5.38) 11 (2.40)
% o /& 0.0179
£ 270 (99.3) 178 (95.7) 448 (97.8)
A 2 (0.74) 8 (4.30) 10 (2.18)
B R 0.0198
& 264 (96.7) 170 (91.4) 434 (94.5)
¥ 9 (3.30) 16 (8.60) 25 (5.45)
-y 0.0042
& 273 (100) 180 (96.8) 453 (98.7)
] 0 (0.00) 6 (3.23) 6 (1.31)
MR8 0.2026
& 206 (76.3) 154 (82.8) 360 (79.0)
8B 57 (21.1) 27 (14.5) 84 (18.4)
BE 7 (2.59) 5 (2.69) 12 (2.63)

Missing data @ #& &k %=4 ~

# Fisher's Exact Test

B B4« BRA - AR - F A=



RS RPGAHREHAIRATERTHLE

e P RE: ] A3
N=274 N=188 N=462 P

£ 0 R n (%) n (%) n (%) 0.0020
<50 97 (38.3) 95 (53.4) 192 (44.6)
=50 156 (61.7) 83 (46.6) 239 (55.4)

S@ 0 2 0.0941
<170 120 (47.4) 99 (55.6) 219 (50.8)
=170 133 (52.6) 79 (444) 212 (49.2)

HBE AR 0.8092
<70 122 (48.8) 85 (50.0) 207 (49.3)
=70 128 (51.2) 85 (50.0) 213 (50.7)

BMI > kg/m® 0.4207
<24 111 (44.4) 75 (44.1) 186 (44.3)
24-26.9 95 (38.0) 57 (33.5) 152 (36.2)
=27 44 (17.6) 38 (224) 82 (19.5)

HERE ' 0.5228
N 41 (15.9) 37 (20.9) 78 (18.0)

B 59 (23.0) 36 (20.3) 95 (21.9)
& P () 92 (35.8) 65 (36.7) 157 (36.2)
KRB 65 (25.3) 39 (22.0) 104 (24.0)

BE <0.0001
G4R 64 (26.1) 8 (49.7) 150 (35.9)

B4 143 (58.4) 74 (42.8) 217 (51.9)
b2 38 (15.5) 13 (7.51) 51 (12.2)

BBRME W F8-31> FH531 - BE=42 -BMI=2 - HFRLE=28 - BE=4
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£6 mblaRRad R AEFTYERR LR

HERa R e 4%
N=274 N=188 N=462 P
WA EIE n (%) n (%) n (%) 0.0052
& 104 (40.2) 59 (326) 163 (37.0)
NS 57 (22.0) 26 (14.4) 83 (18.9)
Y] 98 (37.8) 96 (53.0) 194 (44.1)
BBEYEIE 0.4249
& 137 (542) 101 (56.1) 238 (55.0)
IS 31 (12.1) 15 (8.33) 46 (10.6)
] 85 (33.6) 64 (35.6) 149 (34.4)
B E g 0.1670
£ 267 (100) 183 (98.9) 450 (99.6)
] 0 (1)) 2 (1.08) 2 (0.44)
EHEHE 0.1320
HRAE 90 (35.9) 70 (38.9) 160 (37.1)
BEH 56 (22.3) 51 (283) 107 (24.8)
BATH 105 (41.8) 59 (32.8) 164 (38.1)
FRE 0.5920
3 245 (94.6) 169 (93.4) 414 (94.1)
b3 14 (5.41) 12 (6.63) 26 (5.91)
#E R R X , 0.6166
& 231 (89.9) 158 (91.3) 389 (90.5)
] 26 (10.1) 15 (8.67) 41 (9.53)
& B 5% 3 0.6714
& 217 (84.1) 142 (82.6) 359 (83.5)
A 41 (15.9) 30 (17.4) 71 (16.5)
R - =22 HE=29; BHEM=24, EH=31: FRE =22 BARK=
32; H0B=32

# Fisher's Exact Test
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&7 RPQARYREHERA DR THILK

HRBa | 4 4%
N=274 N=188 N=462 P

Fi# o R n (%) n (%) n (%) 0.0135
<50 168 (63.6) 136 (74.7) 304 (68.2)
=50 9% (36.4) 46 (25.3) 142 (31.8)

5% 20 0.5513
<160 167 (63.0) 121 (65.8) 288 (64.1)
=160 98 (37.0) 63 (342) 161 (35.9)

BE K 0.5671
<60 166 (63.1) 110 (60.4) 276 (62.0)
=60 97 (36.9) 72 (39.6) 169 (38.0)

BMI > kg/m’ 0.4207
<24 111 (444) 116 (44.1) 186 (44.3)
24-26.9 95 (38.0) 36 (33.5) 152 (36.2)
=27 44 (17.6) 30 (22.4) 82 (19.5)

HERE ‘ 0.2291
B/ 62 (23.9) 51 (27.6) 113 (254)

B’ ¥ 48 (18.5) 44 (23.8) 92 (20.7)
& ¥ () 101 (38.8) 65 (35.1) 166 (37.3)
X2 E 49 (18.8) 25 (13.5) 74 (16.6)

B¥ <0.0001

G 4R 14 (5.47) 45 (25.3) 59 (13.6)
[ 116 (45.3) 54 (30.3) 170 (39.2)
7 112 (43.8) 72 (40.5) 184 (42.4)

H4b 14 (5.45) 7 (3.93) 21 (4.84)

BRME : F#=16- 5 &H=13 - BE=17 -BMI=17 - HFEE=17 - B ¥ =28
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(8 mAGAHRBRAHFRATHERR LR

HRa PR Ak A3
N=274 N=188 N=462 P

WA EIE n (%) n (%) n (%) 0.3023
&£ 252 (94.7) 169 (91.4) 421 (93.4)

) 3 (1.13) 5 (2.70) 8 (1.77)
BRTHE 11 (4.19 11 (5.95) 22 (4.88)
5% E I8 0.7924
& 244 (91.7) 165 (902) 409 (91.1)

JE:? 6 (2.26) 4 (2.19) 10 (2.23)

BATA 16 (6.02) 14 (7.65) 30 (6.68)
BT R 0.0886
& 267 (100) 183 (98.9) 450 (99.6)

1 0 0) 2 (1.08) 2 (0.44)
EHYE 0.2328
HRARE 105 (40.1) 74 (402) 179 (40.1)
BEH 47 (17.9) 44 (23.9) 91 (20.4)

BATH 110 (42.0) 66 (359) 176 (39.4)
*RE 0.6722
3 217 (81.6) 155 (83.8) 372 (82.5)
ARE#m—-+& 33 (124) 18 (9.73) 51 (11.3)

b3 : 16 (6.02) 12 (6.49) 28 (6.21)
¥ B R 3 0.1094
& 256 (97.0) 167 (93.8) 423 (95.7)

£ 8 (3.03) 11 (6.18) 19 (4.30)

% B 55 % 0.1207
£ 240 (90.2) 152 (854) 392 (88.3)

7 26 (9.77) 26 (14.6) 52 (11.7)
BRMA WA =11-GE=13 - FHEHFE=10~ EH=16~ FRE =11 - BihE=
20 HHLE=18

# Fisher's Exact Test
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R mElEREREARE R R LR EH LR

HERa Rk A%
N=274 N=188 N=462
FIME £ AREE FIE + REE pa
Fi# o R 21.31 £ 3.55 19.87 + 3.11 <0.0001
%% cm 164.13 = 8.52 163.28 + 8.10 0.5607
BE kg 56.64 + 10.84 62.49 + 16.10 <0.0001
BMI > kg/m? 2094 + 3.13 2333+ 5.28 <0.0001
@ > cm 66.97 + 8.88 75.19 + 15.38 <0.0001
BB > cm 90.84 + 6.41 96.24 + 9.56 <0.0001
% 0.74 = 0.06 0.78+ 0.11 <0.0001
4R » mmHg 106.34 + 9.89 110.60 + 17.22 0.0098
4+7& & » mmHg 66.33 £ 9.51 72.02 + 14.11 <0.0001
% (N=170) N=100 N=69
F# o R 2137 + 3.43 2027 + 3.42 0.0455
%% cm 172.51 + 6.27 169.97 + 7.08 0.0337
#E kg 64.34 + 10.38 73.29 + 17.15 <0.0001
BMI * kg/m? 21.59 = 3.08 2544 + 6.08 <0.0001
J2E » cm 72.36 £ 9.88 83.08 + 14.17 <0.0001
BB cm 93.46 + 5.92 99.93 + 10.77 <0.0001
B 0.77 £ 0.08 0.83+ 0.074  <0.0001
Y45 R » mmHg 110.86 £ 9.89 121.06 + 17.94 0.0001
473& & » mmHg 70.09 = 9.90 79.17 + 14.99 <0.0001
4 M (N=293) N=174 N=119
S8 K 2128 = 3.62 19.64 + 2.91 <0.0001
%% > cm 159.26 + 5.23 159.40 + 5.81 0.3697
BE kg 52.17 + 8.31 56.23 + 11.53 0.0035
BMI » kg/m? 20.56 + 3.11 22.11 + 4.33 0.0016
F2E > cm 63.84 £ 6.45 70.62 £ 14.19 <0.0001
A B > cm 80.31 + 6.21 94.10 + 8.09 <0.0001
2R 0.71 £ 0.04 0.75+ 0.12 0.0125
Y 558 » mmHg 103.71 + 8.91 104.54 + 13.54 0.4780
4+ 7% /& > mmHg 64.14 = 8.58 67.87 + 11.78 0.0006
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%10, RO ARHBEHOBRRABREMNLR S FHIRE

HRa 7l A%
=274 N=188 N=462 P

% M B 58 n (%) n (%) n (%) <0.0001
h Y. 250 (91.2) 134 (713) 384 (83.1)

& o B AT 7 21 (7.66) 37 (19.7) 58 (12.6)
% fo /& 3 (1.09) 17 (9.04) 20 (4.33)

W 4E B » mmHg 0.0001
<130 268 (97.8) 168 (89.4) 436 (94.4)
=130 6 (2.19) 20 (10.6) 26 (5.63)

473 & > mmHg <0.0001
<80 253 (923) 139 (73.9) 392 (84.8)
=80 21 (7.66) 49 (26.1) 70 (15.2)

BMI » kg/m’ <0.0001
<18 33 (12.0) 16 (8.51) 49 (10.6)
18-23.9 203 (73.8) 110 (58.5) 313 (67.6)
24-26.9 © 26 (9.45) 26 (13.8) 52 (11.2)
=27 13 (4.73) 36 (19.2) 49 (10.6)

B2 [ 38 K &) e BF <0.0001
& 263 (95.6) 147 (782) 410 (88.5)

] 12 (4.36) 41 (21.8) 53 (11.5)

BB B 1L 3B & o AR RE . <0.0001
£ 270 (98.2) 154 (81.9) 424 (91.6)
£ 5 (1.82) 34 (18.1) 39 (8.42)

VIR A E R BAZE R R

BEAAGEE:: E=90cm: 4=80cm

R B HMAEAH T 5209 4208
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*11. polafHRE o B E4HE4& BMI - BEBARE - BB LB AR
Z R ot

HERa Al a 43t
N=274 N=188 N=462
n PHELBFRE n FHAELBREE pfa
¥ 45 & - mmHg
BMI » kg/m?
<18 33 10333+ 9.88 16 104.63+10.37  0.6385
18-23.9 203 106.34+ 9.84 110 108.81+1791  0.4940
24-26.9 26 10558+ 897 26 111.15+12.46  0.0109
>27 13 115.38+ 7.82 36 118.33+18.45  0.7508
BEBAX
£ 263 106.02+ 9.81 147 108.36+15.93  0.1908
A 12 11325+ 9.52 41 118.63+19.37  0.6396
BELAESH
£ 270 106.34+ 9.95 154 109.87+17.02  0.0605
) 5 10640+ 6.39 34 113.90+18.00  0.2835
4772 » mmHg
BMI > kg/m’
<18 33 6530+ 8.26 16 64311049  0.5784
18-23.9 203  66.16+ 9.66 110  70.54+13.99  0.0013
24-26.9 26 64.88+ 8.99 26 71.42+10.16  0.0060
=27 13 7438+ 8.04 36 80.38+15.08  0.2039
23RN
- 263  66.11x 9.44 147  69.58+12.77  0.0017
] 12 71.00+10.19 41 80.76+15.35  0.0350
BB i %
£ 270 6639+ 9.54 154  71.02+13.99  0.0001

A 5 6320+ 8.07 34 7656+13.99  0.0195
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£ 12. pla i RaaRikE FIHALE

HEa 7l A3t
N=274 N=188 N=462
FHE+BREE PHELREE pia
fr 3K > M/pL 625+ 1.58 6.55+ 1.71 0.0445
&3k o k/pL 486+ 0.51 491+ 049 0.2069
/MR 0 K/l 257.36 + 52.10 275.75 + 60.08 0.0008
b &% - g/dL 1400+ 1.46 13.92+ 1.67 0.6083
I EMEL > % 4279 + 3.83 4242+ 4.14 0.3960
F¥ b KB H 0 L 88.15+ 7.88 86.80 + 6.91 0.0009
Pk i E 0 pg 28.92+ 243 2846+ 2.75 0.0379
T3k & FRAE 0 g/dl 32.68+ 0.92 3275+ 1.12 0.3237
RDWSD - fL 4185+ 2.77 4123+ 257 0.0070
K HEE % 13.01 = 0.89 13.10+ 1.15 0.9357
f R EE - fL 1231+ 1.59 1242+ 1.51 0.2804
F34 MR B 0 L 1044+ 0.77 1049+ 0.78 0.5468
E K/ R 28.19+ 6.84 28.76 + 6.48 0.3778
FPMHIRE S 55.61 = 9.32 56.11 + 8.69 0.5860
HEKE AL 3571+ 8.47 3536+ 8.02 0.5414
EBHKBE ML 533+ 1.17 510+ 1.33 0.0671
FHMKE S 291+ 2.13 297+ 2.02 0.5633
Far KB o th 0.51+ 033 045+ 027 0.0535
wf & b 3K 3t (k/ul) 3.55+ 1.32 3.76 + 1.42 0.0634
# B3k 3T $(k/pl) 2.17+ 0.59 227+ 0.61 0.0693
B kst #(/pl) 033+ 0.10 034+ 0.11 0.4787
of & b 3t 2 (k/ul) 0.18+ 0.14 0.19+ 0.14 0.1860
of iy bk 3t #0(k/ul) 0.03+ 0.02 0.03 £ 0.02 0.2399 -
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& 13. plaREBE R AIREFIHE LR

$Ra AR | A%
N=274 N=188 N=462

FIE L REE PHELREE pfa
B 87 > mg/dL 175.79 + 36.63 177.62+ 37.87 0.7014
& EEREES > mg/dL 51.45+ 10.07 48.52+ 10.28 0.0003
BEERES  mg/dlL  102.18+ 32.94 10594+ 33.74 0.2376
Z BB mg/dL 78.35 + 38.34 96.71 = 116.29 0.6488
éq8:F > mmol/L 144.62+ 3.70 14022+ 265  <0.0001
$78:F > mmol/L 431+ 037 416 031  <0.0001
#.8F > mmol/L 107.66 + 3.04 103.71+ 793  <0.0001
“Ekag  gdL 787+ 0.46 7.65+ 049  <0.0001
a%G » g/dL 501+ 0.25 485+ 029  <0.0001
¥%&g > g/dL 2.86+ 0.33 2.80+ 0.32 0.0231
kA 177+ 0.20 175+  0.19 0.6041
P B » mg/dL 587+ 1.47 590+ 1.56 0.8545
RESR  >mgdl 1250+ 3.21 1202+ 420 0.0294
BLEL BT > mg/dL 097+ 0.19 1.00+ 0.76 0.2022
GOT » U/L 18.08+ 6.43 1927+ 8.80 0.3268
GPT » UL 1642+ 11.16 2096+ 2291 0.2265
CRP 0.08 0.12 0.12 0.30 0.2983
£R AT 2.4 > mg/dL 8582+ 8.32 92.06+ 34.80 0.5434

B &% > pU/mL 644+ 6.57 837+ 934 0.0067

53



k14 polafRERakBmE FHELR

HRa VLA K &3
N=274 N=188 N=462

FiHE: REE  PHAELREZ !
Ak¥iiaka  mg/l 4336+ 153.67 67.74 + 218.80 0.2421
ALEEBF » mg/dL 174.96 + 89.62 176.43+ 90.36 0.8913
a&addFE  mgg 3421+ 175.19 56.08 + 233.12 0.0458
$1 & -F > mmol/L 11525+ 56.45 113.72+ 55.68 0.8027
$78E-F » mmol/L 3935+ 23.14 38.84+ 23.18 0.7106
# &+ > mmol/L 92.18+ 44.54 93.10+ 40.89 0.6360
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& 15.2 Colin & B RHBRABRABFIERAHRAaWRERECPWV)IREL R
3@t

#HRa T 1) 40 4%
=274 N=188 N=462

FHE+ BRE PHE+L BEE pfa
hcPWYV, cm/s 500.55+ 6324 50581+ 71.92 0.7913
hRaPWYV, cm/s 73018+ 60.62  745.82+ 80.49 0.1184
RbaPWYV, cn/s 1105.58 + 136.97 1141.00+ 165.68 0.1175
RABI 1.08+ 0.07 1.09+  0.07 0.4474
hLaPWYV, cm/s 733.99+ 6580  752.67+ 80.40 0.0621
LbaPWV, cm/s 1124.01 £ 134.54 1162.26+ 167.12 0.0573
LABI 1.08+ 0.07 1.08+ 0.06 0.2695
£ F f R E R 30232+ 17.65 29647+ 21.28 0.0055

PWV=gkik & & (pulse wave velocity)

hePWV=1CBE-S 8 Bk i 32 B ~ hRaPWV='0 -4 BR3FFK A % B ~ RbaPWV=3 4 -
SRAPRA R A - RABI=4 BR3F AL 2R 454 ~ hLaPW V=10 5% - £ 3R 38 PWV - LbaPWV=
LR -RIABERE - LABI=A SRR BL30 3542
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167l aRHBAGBRHRALTHRELERFHME LR

HE4A R e 43t
N=274 N=188 N=462

P+ FRE PHEL REE pa
RCCA1, mm 0.439 = 0.056 0.525+ 0.080 <0.0001
RCCA2, mm 0.427 + 0.044 0.523+ 0.076 <0.0001
RCCA, mm 0.433 £ 0.043 0.524+ 0.072 <0.0001
LCCAIL, mm 0.430 £ 0.062 0.525+ 0.075 <0.0001
LCCA2, mm 0.432+ 0.074 0.530+ 0.082 <0.0001
LCCA, mm 0.431+ 0.053 0.527+ 0.073 <0.0001
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&2 17. RplaAHRBREAYLBRRABERLLBZ FHBRE

HRa bRk A% ol
N=274 N=188 N=462
fa/ 3% K/pL n (%) n (%) n (%) 0.0160
<320 242 (88.0) 150 (79.8) 392 (84.7)
=320 33 (120) 38 (202) 71 (15.3)
53T S 4% » mg/dL , 0.0072
<100 267 (97.4) 173 (92.0) 440 (95.2)
=100 7 (255 15 (798) 22 (4.76)
&%& > mg/dL <0.0001
<5.0 151 (55.1) 152 (80.8) 303 (65.6)
=5.0 123 (44.9) 36 (192) 159 (34.4)
4 3% Bl 8% > mg/dL 0.8859
<200 212 (77.1) 146 (77.7) 358 (77.3)
=200 63 (229) 42 (223) 105 (22.7)
HDL > mg/dL 0.0005
E¥ 197 (71.6) 105 (55.8) 302 (65.2)
@K 78 (284) 83 (442) 161 (34.8)
LDL » mg/dL 0.1592
<130 228 (82.9) 146 (77.7) 374 (80.8)
=130 47 (17.1) 42 (223) 89 (19.2)
Z & H A mg/dL 0.1281
<150 259 (94.2) 170 (90.4) 429 (92.7)
=150 16 (5.82) 18 (9.57) 34 (7.34)

HDL #&/& : B <50 mg/dL » % <40 mg/dL
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£18. BHlQRAHBENLBREAREALBRZFHRE

HRBa e A% P
N=274 N=188 N=462
hcPWYV, ms n (%) n (%) n (%) 0.2495
<574 248 (91.2) 151 (87.8) 399 (89.7)
=574 24 (8.82) 21 (12.2) 45 (10.1)
RhaPWV, ms 0.0885
<822 250 (91.9) 161 (87.0) 411 (89.9)
=822 22 (8.09) 24 (13.0) 46 (10.1)
RbaPWYV, ms 0.0090
<1314 253 (93.0) 160 (85.6) 413 (89.0)
=1314 19 (6.99) 27 (14.4) 46 (10.0)
LhaPWYV, ms 0.1655
<828 249 (91.5) 162 (87.6) 411 (89.9)
=828 23 (8.46) 23 (12.4) 46 (10.1)
LbaPWYV, ms 0.0477
<1314 251 (92.3) 162 (86.6) 413 (89.0) '
=1314 21 (7.72) 25 (13.4) 46 (10.0)
baPWV, ms 0.0012
<1307 255 (93.7) 158 (84.5) 413 (89.0)
=1307 17 (6.25) 29 (15.5) 46 (10.0)
RCCA, mm <0.0001
<0.510 253 (94.8) 81 (45.2) 334 (74.9)
=0.510 14 (5.24) 98 (54.8) 112 (25.1)
LCCA, mm <0.0001
<0.508 250 (93.6) 83 (45.9) 333 (74.3)
=0.508 17 (6.37) 98 (54.1) 115 (25.7)

PWV L1290 B 4 tb 5478 » RCCA A LCCA ;275 B4tk
B IB1E : hcPWV=18 » RhaPWV=5 » RbaPWV=3 > LhaPWV=5 » LbaPWV=3
baPWV=3 » RCCA=15 » LCCA=14
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& 19.0a® AREFZETRAL

F 497 HBa 515 4 A%
OR (95%CI) N=274  N-188 N~e2 P
AKRBEF n (%) n (%) n (%) <0.0001
048 1.00 - 124 (453) 47 (25.0) 171 (37.0)
118 1.95(123-3.009) 91 (33.2) 68 (36.2) 159 (34.4)
248 207(1.15-373) 38 (13.8) 29 (154) 67 (14.5)

3/Ek 5.53(2.98-10.3) 21 (7.66) 44 (23.4) 65 (14.1)
W EARETF  BREBA(FE =90 cm > 4 =80 cm) - /R SR =130
mmHg %475 & =280 mmHg) - &8 & (=100 mg/dL) - A% B 878 % (=200
mg/dL) ~ HDL &1& - LDL 8% ~ TG 8 %
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£ 20U BRRGFRBHERRAR S RADF

5 W b B FRE

PR % %3 B8R % %5

p p p B

#IE R 56.3744 25.5165
i 0.2276 - 0.2805 0.2663 0.0817
T ¥ 11.3102%**  4.3740** 7.5454*%** 20878
5 5] B 4.2262** 0.0319 5.9083***  2.8918*
E#HHIE 2.0523* 0.0587 1.5491* 0.2065
BMI 1.0559%** 0.7243%** 1.0112%**  (.5957***
o f FE R 0.9055%**  _0.1216 0.4600* - 0.2404
fo. P PLEE BF 10.4670%**  7.4524%** 6.9003***  5.5778%**
GOT 0.3098** -0.1632 0.3184*** _0.0714
GPT 0.2140%** 0.1037 0.2109*%**  0.0772
KB B B 0.0298 0.1407* 0.0203 0.0308
HDL -0.3143%%*  _0.2537* -0.2595**%*  _0.0836
LDL 0.0627** -0.1255* 0.0410* -0.0410
ZEH A 0.0269** - 0.0296** 0.0338*** - 0.0042
FRAT oA 0.0888** 0.0462 0.0907***  0.0376
RbaPWV 0.0443%** 0.0358*** 0.0320***  0.0198*
LbaPWV 0.0406*** - 0.0044 0.0303***  0.0012
CRP 6.5173* -2.9914 6.6887* -2.3314

*»<0.05 > **p<0.001 » ***p<0.0001
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X250 RAMEAMEFHRST BT DT>

&P 2 & oH
OR (95%CI) OR (95%CI)

b H R

£ 1.00 - --

] 3.54 (1.68-7.44) --
M7

% 1.00 - 1.00 -

B 6.26 (2.87-13.66) 5.72 (2.67-12.2)
BMI » kg/m*

<18 1.00 - 1.00 -

18-23.9 0.69 (0.21-2.32) 0.77 (0.23-2.59)

24-26.9 0.53 (0.12-2.37) 0.79 (0.18-3.39)

=27 2.20 (0.57-8.55) 3.37 (0.88-12.9)
R 0 k/pL

<320 1.00 - 1.00 -

=320 3.54 (1.47-8.52) 3.49 (1.48-8.22)
a%a > mg/dL

<5.0 1.00 - 1.00 -

=5.0 0.42 (0.18-0.96) 0.31 (0.14-0.67)
ZEH# A c mg/dL

<150 1.00 - 1.00 -

=150 3.46 (1.14-10.49) 3.28 (1.13-9.52)
baPWV =90 B 4kt

Z3 1.00 - 1.00 -

z 3.98 (1.76-8.99) 4.23 (1.91-9.35)

ZRTVFZHLBKRE 58 M3 -BMI-KFRE - BE - TREA
EHER -BARL  GoBRBRE - FRAL - BES L - LMFE - X
BREBE - ARBAEE - BREER BRRE MR -8FEF 4%
B ~ RBE - BLERET ~ GOT ~ GPT ~ 4RAT bt ~ MBI - SEHAEE AR
Bl&f - REEREXGRES - & #dfs - baPWVAIMT
"FERD G0 BHKE
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% 22baPWVZ290 B tb e B FHR S BT HE
o

B¢
OR (95%CI)
¥ R
<20 Reference
=20 3.66 (1.55-8.65)
e )
% Reference
A 3.73 (1.76-7.91)
& oo B AT #A
& Reference
b3 4.80 (2.20-10.5)
#BEkag - g/dl
<8.7 Reference
=8.7 5.23 (1.30-21.1)
£R AT fo 4% » mg/dL
<100 Reference
=100 4.95 (1.34-18.3)

ERTVES0BRE  Fd M3 -BMI-HFEE -
BE FREAAN - EHTE -BEARE FLBEE -
BB L BRI L LR SR  SURRRE - R
LS TONE-SU) NN N S8 JNECP 3
A ~ B~ PLELEF ~ GOT ~ GPT ~ - 3T fo % ~ 48 % B 8% ~
SEAEQREE - REEREOREE D% %
5 ~ baPWV & IMT
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A2 IMT275 B4t ABME FHER S BEHNDHF

o
ZF
OR (95%CI)

b5 o B

E 3 Reference

A 36.60 (18.6-72.0)
KR R |

<50 Reference

=50 0.40 (0.19-0.82)
FRFE R

<50 Reference

=50 4.49 (1.94-10.4)
fa AR > k/uL

<320 Reference

=320 2.33 (1.03-5.25)
P& > mg/dL _

<5.0 Reference

=5.0 2.93 (1.28-6.74)

FRTIVERLBKE - S~ 43 -BMI-HFL
B -BYE- -REUAN -EHIBE -BARL S
BmE ~ BEHL -~ BER L~ RFE - R
¥-XRBAETE - FRES FRRE > &g~
“wrag - aka - k% - ESE -~ GOT ~ GPT ~
AT s - WIEEIEE - SERBEERGRESR - RE
EREEGREE - =8 Hidhhs - baPWV R IMT
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Summary

Background This study investigated childhood hypertension risk by body mass index (BMI)
among children urine screened positive for proteinuria and/or glucosuria and/or hematuria.
Methods Between 1992 and 2000, an islandwide mass urine screening for glucosuria and
proteinuria was conducted ahnually for near 3,000,000 students aged 6-18 years in Taiwan.
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 frequency matched with sex and grade. We
examined the hypertension risk associated with BMI controlling for potential covariates.
Findings The multivariate logistic regression analysis showed the odds ratio fOR) of
hypertension for students of BMI=27 kg/m®> was 7.04 (95% confidence interval [CI]
5.87-8.46), compared with students of BMI< 18 kg/m?. High cholesterol (OR 2.54, §5% CI
1.71-3.79), high blood urine nitrogen (BUN) (OR 1.73, 95% CI 1.20-2.49), and high albumin
(OR 1.24, 95% CI 1.05-1.47) aiso elevated the risk. The hypertension odds ratio increased to
23.3 (95% CI 8.42-64.6) for students with total cholesterol (TCOL)=250 mg/dL and
BMI=27 kg/m*, compared with students with TCOL <200 mg/dL and BMI< 18 kg/m>. The
risk was 16.8 times higher (95% CI 2.12-133) for students with BUN=23 mg/dL and
BMI=27 kg/m? than those with BUN <23 mg/dL and BMI < 18 kg/m?.

Interpretation Our findings show that the childhood hypertension is strongly associated with

BMI and other BMI related factors.



Key Words: Body mass index, Childhood hypertension, Urine screening, Stratified analysis



Introduction

Cerebrovascular disease is the second leading cause of death in Taiwan and the heart
disease the fifth. Both diseases are strongly associated with hypertension. Hypertension has
also become the tenth lethal cause in Taiwan since 2003." Diabetes mellitus and renal disease
are common comorbidity of hypertension. As a result, hypertension can be considered as the
most important attributable cause of deaths for population in Taiwan.? Consequently, efforts
to identify the risk of hypertension and to control hypertension are crucial in cardiovascular
diseases control. The vital statistics in Taiwan has shown that childhood mortalities from
cerebrovascular disease and other hypertension related diseases are increasing.> This has
attracted attention to investigate whether factors. associated with childhood hypertension
similar to that with adult hypertension.

The prevalence of childhood hypertension varies among populations, 4.5% among
school children of 10-19 years in Houston in 2002, and 5.8% among school children of
11-17 years in India in 2004.> Hypertension has become an important medical problem in
children and adolescents in the U.S.%” Muntner et al. compared NHANES data of 1999-2000
with that of 1988-1994 and found significant increases in both the mean systolic blood
pressure (SBP) (1.4 mmHg) and the mean diastolic blood pressure (DBP) (3.3 mmHg)
among school children aged 8-17 years.®

Obesity is a well known important factor leading to hypertension among middle-aged

and elderly people.” Some studies have also demonstrated the effect of obesity with respect
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to hypertension for children.'®" Studies show that childhood obesity has become prevalent
among populations worldwide.”*> Ogden et al. found from the National Health and Nutrition
Examination Survey (NHANES) in 1999-2000 that 15% children aged 6-11 years in the U.S.
were obese.> 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% for boys and 15% for girls in
1996." Studies in Taiwan also show an increasing trend of obesity in children.””"” The
prevalence rates of obesity in school children o.f 12-15 years were 10.1% in 1982 and 11.1%
in 1996.'® A later study in 2002 found that the prevalence among these school children
increased to 18.5% in boys and 15.0% in girls.'® The risk of hypertension is 3 times higher
for children with BMI = 95th percentile than for children with BMI<90th percentile]

The urine screening campaign in Taiwan has found that childhood diabe.tes is strongly
related to obesity.'’ Compared with children of BMI<50th percentile, children of BMI=95th
percentile were 25.9 times more likely to be diabetic. Based on the similar population based
data, this study investigated the risk of hypertension by BMI among these school children
who had participated in the mass urine screening program in Taiwan with positive results for

proteinuria, glucosuria, and/or hematuria.



Methods

In 1992-2000, Chinese Foundation of Health in Taipei, Taiwan, conducted an annual
mass urine screening campaign for all school children of 1-12 grades in the whole Taiwan
Province. Approximately 2,615,000 school students in 1992 and 2,932,000 in 1993-2000 were
enrolled annually in this mass screening. Details of this screening project have been described
in previous reports.'>?* A urine strip (Hemscomistix III urine strip, Ames Division, Miles lab
Ltd, Elkhnrt, Ind) was used for the screening. School children with tests two times positive of
proteinuria, glucosuria, or hematuria using consequently received a third urine screening test
and a general health check-up, including the fasting blood test for total cholesterol (TCOL),
creatinine (CRE), blood urea nitrogen (BUN), C3 complement, albumin and antistreptolysin
O (ASLO). The check-up also included anthropometry measures and blood pressure. All
positive students in the third screening test were referred to their physicians for further
follow-up cares. The original screening program was conducted as a public policy supported
by the Taiwan Provincial Department of Health and approved by the Provincial Education
Board. A letter was sent to parents to explain the program and invite the participation. The
provision of the urine sample was taken as consent for the program.

Childhood hypertension was defined by age using the American Heart Association
criteria of blood pressure classification for children.?® Figure 1 shows the procedure to select
hypertensive cases and controls for the present study. After excluding missing data and

unreliable data, 103,840 school children were legible for this study among 192,213 students

6



who had received the third screening tests and the check-up, 5,792 were hypertensives.
Controls were randomly selected from non-hypertensive school children frequency matched
with sex and grade.

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 the Taiwan
Department of Health, students were stratified by BMI as underweight (BMI<18 kg/m?),
normal weight (BMI=18-23.9 kg/m?), overweight (BMI=24-26.9 kg/m®) and obesity
(BMI=27 kg/m?)."® Other categorical variables were TCOL (<200, 200-249, 250-299,
and =300 mg/dL), BUN (<23 and =23 mg/dL ), and CRE(<1.3 and =1.3 mg/dL).

We compare the means of SBP, DBP, TCOL, BUN, CRE, albumin, and ASLO between
cases and controls by BMI group. Kruskal-Wallis test was used whether these factors varied
by BMI level. Comparisons between hyperteﬁsion cases and controls were also performed for
the categorical distributions of sex, grade, BMI, TCOL, CRE, and BUN among BMI groups.
We calculated adjusted odds ratios (aORs) and 95% confidence intervals (CI) for the risk of
hypertension associated with all these factors using both univariate analysis and multivariate
analysis. Further analyses attempted to identify whether BMI had interactions with sex, grade,
TCOL, BUN, and CRE, and albumin in the hypertension risk using BMI<18 kg/m? as the
reference group.

All analyses were performed with SAS software, version 8.0 (SAS Institute Inc., Carey,

NC). Two-sided probability values <0.05 were considered statistically significant.
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Results

The mean values of SBP, DBP, TCOL, BUN, CRE, and ASLO increased as BMI increased
for both cases and controls (Table 1). The mean SBP, DBP, and TCOL levels were
consistently higher in cases than in controls and significant at =<0.0002 levels. For the
BMI=27 kg/m® group, cases to controls differences in SBP, DBP, and TCOL were
significantly greater than for thinner groups. No significant differences were found for BUN
among BMI groups, and between cases and controls.

Both the univariate and multivariate logistic regression analyses showed that students with
higher BMI, cholesterol, BUN, creatinine, and albumin were at higher risk of hypertension
compared controls (Table 2). The hypertension children were more prevalent in obesity than
controls (13.8% vs. 3.1%, p<0.0001). The multivariate logistic regression showed that BMI
had the strongest association with hypertension risk and followed by cholesterol, both with
strong dose-response relationship (p < 0.0001). Albumin levels also had a significant
dose-response association with the hypertension risk (p=0.0016). However, the risk of
hypertension decreased with the increasing grade. High school students were more likely than
young primary graders to become none hypertensives.

Table 3 demonstrates the estimated risk of childhood hypertension by the interaction
terms between BMI and covariates in the multivariate logistic regression analysis. The odds
ratio of hypertension increased as BMI increased for both girls and boys in a similar pattern.

The younger children tend to have a greater association with BMI for the risk of hypertension.
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Compared with 1-3 graders with the BMI<18 kg/m?, those with the BMI of =27 kg/m? had
the highest risk of hypertension (OR 13.2, 95% CI 4.70-37.1). In the same BMI strata, the
odds ratio decreased to 4.60 (95% CI 3.21-6.57) for 4-6 graders with BMI=27 kg/m* and
rose again to 7.21 (95% CI 4.52-11.5) for 10-12 graders. There was an apparent interaction
between BMI and TCOL and BUN for the risk of hypertension, the risk generélly increased
with increasing TCOL and BUN. Compared with students at TCOL <200 mg/dL and BMI<
18 kg/m?, the risk increased to the highest for students at 250-299 mg/dL of TCOL and

BMI=27 (OR 25.1, 95% CI 7.77-81.3).
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Discussion

In this mass urinary screening for grade school children, 103,840 students had at least two
times of abnormal urine tests and 5792 (5.6%) of them were found to be hypertensives in the
subsequent health check-up. Among significant factors associated with the adolescent
hypertension, BMI was of greater importance than TCOL, BUN and albumin, particularly
BMI in younger children.

Obesity is a known leading public health concern associated with hypertension.* -1 2630
The prevalence of obesity was higher in hypertensives than in controls in this study, contrast
with those previous studies. However, our study demonstrated a much greater association,
indicating the mass urine screening program has found a high risk hypertensive group among
urinary test positives.

Definition of obesity affects the measure of association with blood bressure. The nature of
anthropometric measures are different between Chinese and Caucasian populations. We
considered a BMI ranging 18-23.9 kg/m” as normal and a BMI of =27 kg/m? as obesity. In
the present study, the average blood pressures were higher for cases than for controls among
the four BMI levels. The average SBP was 12.4 mmHg higher for obese hypertensive cases
than normal weight cases while the average DBP was 4.5 mmHg higher. The corresponding
differences were 10.0 mmHg and 4.1 mmHg for controls. 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 in obese

children than in non-obese children of 6-16 years old.?®
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Among students aged 5-18 years in Netherlands, the hypertensive students have higher
average BMI than non-hypertensive students had (22.7+3.85 vs. 20.2£2.67 kg/m?, p<
0.001).2” Among children 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).2® These studies are consistent that the obese children have higher
SBP and DBP than normal-weight children have. A previous study in a Taiwan cross-sectional
study showed that the correlation coefficients were 0.379 (p<0.001) between BMI and SBP
and 0.252 (p<0.001) between BMI and DBP among 1,265 children aged 12-16 years.''

After reviewing 74 articles, Sorof and Daniel concluded that obese children are at a risk
apprbximately 3-fold higher for hypertension than nonobese children.” Among school
children ages 10-19 years in Houston, the overweight children are 3.26 times more likely than
none- overweight children to be hypertensive.* In this study, we found that the estimated risk
of hypertension 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 for per kilogram of body weight loss.! This also
indicated the relationship between BMI and hypertension. Obesity often increases the risk of
cardiovascular disease among adults while childhood obesity increases the risk of adulthood
obesity.”’

Hypercholesterol is also a known risk factor of hypertension.(”27 Among students of 5-18

12



years age in Netherlands, the hypertensive students had higher TCOL than non-hypertensive
students had (4.3£0.8 vs. 3.940.6 mmol/L, p<0.01).%” In this study, children with higher
TCOL levels are at elevated risk of hypertension. We even demonstrated an apparent
interaction between BMI and TCOL for the hypertension risk. Compared with students with
the lowest TCOL and BMI, students with the highest TCOL and BMI had the estimated
hypertension risk increased for 23 folds. This strong dose-response interaction phenomenon
has not been reported in previous studies.

High blood urea nitrogen is also a risk factor associated with high blood pressure as well.
Klag et al. have demonstrated that both systolic blood pressure and diastolic blood pressure
are associated with urea nitrogen for African American.*> This study showed an addictive
effect of higher BUN level in the risk of hypertension. For obese children with BMI of =27
kg/m?, the OR of hypertension may aggravated from 7.03 in those with an BUN of <23
mg/dL to 16.8 in those with BUN =23 mg/dL.

Urinary creatinine is an important marker in urine screening for kidney function which is
also associated with hypertension and CVD.*** The hazard risks of mortality from
cardiovascular disease (CVD) and stroke increase as creatinine level increases.® Among
students ages 5-18 years in the Netherlands study, hypertensive students have higher
creatinine than non-hypertensive students have.?” Two folds increase in hypercreatininemia
can be associated with a 20 mmHg increment in blood pressure among community

residents.*® The US NHNES study also showed the prevalence of elevated creatinine level
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(=1.6 mg/dL) is approximately 9 times higher in hypertensives than in nonhypertensives
among American aged 17 years and older>® In this study, we failed to find significant
association between urinary creatinine and hypertension risk, except for obese children. The
elevated urinary creatinine has an addition effect on hypertension risk for these children.

Several studies have found a positive association between serum albumin and blood
pressure.’”*® The US NHNES cohort study of 7,690 men aged 40-59 years showed that the
increased serum albumin is associated with not only systolic blood pressure (p <0.0001) but
also the risk of stroke and coronary heart disease.*®* A Norwegian population study of 5071
men and women aged between 30-75 years found that the systolic blood pressure increased
for 5-11 nﬂmHg in males and 6-17 mmHg in females as the albumin levels increased for 4-5
g/dL.* Our study observed a significant dose-response relationship between albumin
concentration and the hypertension risk. This relationship was enhanced for obese children.

The effect of sex on blood pressure could not be well observed in this study because
controls were frequency matched with cases. In contrast, the older students tend to have a
lowered hypertension risk. Older students were less likely obese than younger students (data
not shown). Furthermore, the results of this study could not be generalized because cases and
controls were selected from children positive with proteinuria, hematuria and/or glucosuria in
this mass urine screening campaign. We believe that the measured odds ratios of hypertension
would be greater if we compared cases with healthy controls.

In summary, our study proved a strong evidence from the strong dose-response relationship
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between hypertension and BMI among school children positive in urine screening. Total
cholesterol, urea nitrogen, and creatinine also appear to be independent predictors having
interaction effect with BMI for hypertension risk. In this study population, obesity is the most
important marker in the association with the hypertension, followed by hyperlipidemia, and
elevated urea nitrogen, creatinine and albumin.
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192,213 children with third screening test

:

128,413 with ID

A

63,800 with no ID or ID duplicated

A4

y

DBP data

103,852 with SBP and

24,561 were excluded for blood pressure data
missing or unreliable

v

12 unknown grade | |103,840 known grade

6-9 years : SBP=122 or DBP =78 mmHg
10-12 years : SBP =126 or DBP =82 mmHg

13-15 years : SBP=136 or DBP =86 mmHg
16-18 years : SBP =142 or DBP=92 mmHg

v

v

5,792 hypertensives

98,048 non-hypertensives

Frequency matching with sex and
grade and selected randomly

5,792 non-hypertensive controls

Figure 1.Procedure to select hypertensive cases and controls
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Table 1: Comparison in means for factors associated with body mass index between cases and

controlst
Body mass index, kg/m”
. <18 18-23.9 24-26.9 =27
Variable n=4,461 n=5,292 n=724 n—o67 P fortrend
Mean + SD Mean + SD Mean = SD Mean + SD
SBP (mmHg)
Cases 1183 £ 12.6 1253 £ 125 1294 + 126 137.7 £ 15.1 <0.0001
Controls 1022 £ 12.8 1099 £ 125 113.6 £ 123 1199 £ 154 <0.0001
Difference 16.17 15.40 15.74 17.82 0.5589%
p** <0.0001 <0.0001 <0.0001 <0.0001
DBP (mmHg)
Cases 86.6 £ 6.55 88.8 + 6.13 89.8 + 5.93 93.3 £ 8.10 < 0.0001
Controls 63.9 £ 928 68.4 + 891 69.6 + 8.40 72.5 + 8.57 < 0.0001
Difference 22.65 20.38 20.13 20.79 <0.0001%
p** <0.0001 <0.0001 <0.0001 <0.0001
TCOL (mg/dL)
Cases 172.0 £ 47.0 168.1 + 483 181.1 £ 494 189.0 + 539 < 0.0001
Controls 164.6 £ 343 1612 +37.6 167.5 % 51.1 1739 + 35.5 0.4248
Difference 7.395 6.892 13.65 15.08 < 0.0001%
p** <0.0001 <0.0001 <0.0001 0.0002
BUN (mg/dL)
Cases 12.8 + 7.19 124 £+ 6.17 12.7 = 4.02 12.6 + 3.53 0.5674
Controls 12.6 + 18.3 12.3 + 4.03 12.6 + 3.31 12.5 = 3.77 0.6128
Difference 0.137 0.115 0.078 0.075 0.7495%
p** 0.9452 0.3983 0.8506 0.9342
CRE (mg/dL) :
Cases 1.02 £ 0.54 1.08 £ 0.42 1.09 £ 0.24 1.12 £ 0.25 < 0.0001
Controls 0.98 + 0.21 1.07 £ 0.24 1.09 £ 0.23 1.11 £ 023 < 0.0001
Difference 0.038 0.007 -0.0008 0.01 0.0005%
p** 0.2877 0.6863 0.9794 0.6853
Albumin
Cases 429 + 046 437 +£1.08 433 £ 049 440 = 0.42 0.0039
Controls 442 + 6.00 4.34 + 0.41 4.36 £ 0.41 4.35 + 0.39 0.5550
Difference -0.1306 0.033 -0.0323 0.046 0.2604}
p** 0.1876 0.0802 0.7076 0.2755
ASLO
Cases 145.5 + 107.2 161.0 +£ 105.0 161.5 £ 102.8 168.3 + 103.6 < 0.0001
Controls 151.9 £ 109.7 156.8 £ 106.2 160.0 +£ 109.4 179.8 + 105.9 < 0.0011
Difference -6.4295 4.213 1.468 -11.545 0.7154%
p** 0.0529 0.1084 0.7622 0.2217

Abbreviation: SBP=systolic blood pressure, DBP=diastolic blood pressure, TCOL=total

cholesterol, BUN=blood urea nitrogen, CRE=creatinine, ASLO=Antistreptolysin O

*Kruskal-Wallis test of BMI groups, **Wilcoxon rank sum test between cases and controls
1140 BMI data missing
I Test for interaction between difference and BMI status
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Table 2: The comparison between cases and controls by sex, grade, body mass index and

selected physiological examinations with univariate and multivariate logistic regression

Factors Nng;ZZ Ii(;r;t;(;l; Univariate Multivariate

Sex (%) (%) OR (95%CI) OR (95%CI)

Female (58.7) (58.7) Reference Reference

Male (41.3) (41.3) 1.00 - 0.97 (0.89-1.05)
Grade, years

<3 (20.2) (20.2) Reference Reference

4-6 (25.4) (25.4) 1.00 - 0.83 (0.74-0.93)

7-9 (48.9) (48.9) 1.00 - 0.74 (0.66-0.82)

10-12 (5.5) (5.5) 1.00 - 0.53 (0.43-0.64)

p for trend 1 <0.0001
BMI, kg/m’

BMI<18 (32.2) (45.8) Reference Reference

18 < BMI<24 (45.6) (46.9) 1.38 (1.27-1.50) 1.51 (1.38-1.64)

24 < BMI<27 (8.5) 4.2) 2.86 (2.42-3.37) 3.06 (2.58-3.63)

BMI =27 (13.8) 3.1 6.40 (5.38-7.62) 7.04 (5.87-6.46)

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

<200 (81.7) (88.5) Reference Reference

200-249 (14.1) (9.8) 1.56 (1.39-1.75) 1.28 (1.13-1.45)

=250 4.2) (1.6) 2.71 (2.13-3.44) 2.17 (1.69-2.79)

p for trend <0.0001 <0.0001
C3 complement

>67 (99.4) (99.5) Reference Reference

=67 (0.6) (0.5) 1.22 (0.74-2.01) 1.24 (0.73-2.11)
BUN, mg/dL

<23 (98.4) (99.1) Reference Reference

=23 (1.6) 0.9 1.90 (1.35-2.68) 1.73 (1.20-2.49)
Creatinine, mg/dL

<13 (82.3) (83.9) Reference Reference

=13 (17.7) (16.1) 1.12 (1.01-1.23) 1.04 (0.93-1.16)
Albumin, g/dL

<4.5 (59.9) (63.5) Reference Reference

4.5-4.9 (33.9) (31.4) 1.15 (1.06-1.24) 1.13 (1.04-1.23)

=5.0 (6.3) ¢ 1.29 (1.10-1.52) 1.24 (1.05-1.47)

p for trend 0.0001 0.0016
ASLO, IU/mL

<200 (56.3) (56.6) Reference Reference

=200 (43.7) (43.4) 1.01 (0.94-1.09) 0.99 (0.92-1.07)

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

creatinine, 92 in albumin, 89 in ASLO.
BMI=body mass index, BUN=blood urea nitrogen, ASLO=Antistreptolysin O



Tables 3: Odds ratios and 95% confidence intervals for the risk of hypertension associated with

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

Body mass index, kg/m2

18-23.9
aOR (95%CI)

24-26.9
aOR (95%CI)

>27
aOR (95%CI)

<18
aOR (95%CI)

Sex

Female 1 -

Male 0.96 (0.84-1.08)

Combined 1 -
Grade, years

<3 1 -

4-6 0.91 (0.78-1.06)

7-9 0.91 (0.78-1.05)

10-12 0.91 (0.56-1.47)
Total cholesterol, mg/dL

<200 1 -

200-249 1.231.01-1.49

=250 2.40 1.60-3.59
Urea nitrogen, mg/dL

<23 1 -

=23 1.81 (1.08-3.02)

" Creatinine, mg/dL

<13 1 -

=1.3 1.15(0.94-1.40)
Albumin, g/dL

<5.0 1 -

=5.0 1.40 (1.07-1.84)

1.48 (1.32-1.65)
1.49 (1.32-1.68)
1.51 (1.38-1.64)

2.07 (1.71-2.52)
1.48 (1,27-1.71)
1.18 (1.04-1.34)
0.73 (0.57-0.93)

1.52 (1.39-1.66)
1.89 (1.57-2.28)
2.70 (1.87-3.90)

1.51 (1.39-1.65)
2.21 (1.25-3.89)

1.54 (1.41-1.69)
1.52 (1.31-1.76)

1.54 (1.41-1.68)
1.54 (1.22-1.95)

3.46 (2.75-4.34)
2.51 (1.96-3.22)
3.06 (2.58-3.63)

6.76 (3.51-12.0)
2.48 (1.81-3.41)
2.55 (2.03-3.21)
1.25 (0.70-2.22)

2.93 (2.43-3.53)
4.70 (3.08-7.17)
8.23 (3.41-19.9)

3.04 (2.56-3.61)
12.2 (1.53-97.3)

3.15 (2.61-3.81)
3.00 (2.11-4.28)

3.06 (2.57-3.65)
4.31 (2.14-8.66)

6.94 (5.42-8.90)
6.85 (5.31-8.85)
7.04 (5.87-8.46)

13.2 (4.70-37.1)
4.60 (3.21-6.57)
5.44 (4.30-6.89)
721 (4.52-11.5)

6.71 (5.46-8.24)
9.84 (6.86-14.1)
23.3 (8.42-64.6)

7.03 (5.85-8.44)
16.8 (2.12-133)

6.92 (5.63-8.49)
8.10 (5.69-11.5)

6.81 (5.41-8.57)
7.21 (5.42-9.59)

aOR, adjusted odds ratio; CI, confidence interval
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