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Abstract

Introduction: Studies on cardiovascular risk factors in childhood/adoles-
cence and subclinical cardiovascular disease in young Asian adults remain
limited. The aim of this study was to investigate the effects of childhood car-
diovascular risk factors as predictors of subclinical atherosclerosis in young
adults.

Material and methods: From a sample of children of school-going age en-
rolled in the Young Taiwanese Cohort (YOTA) Study conducted in Taipei, Tai-
wan, who completed the mass urine screening program between 1992 and
2000, we included 303 subjects with hypertension and 486 subjects with
a normal blood pressure during childhood (2006-2008). In total, 789 young
adults (mean age: 21.32 years) underwent carotid duplex to measure carotid
intima-media thickness (CIMT).

Results: The major cardiovascular risk factors during childhood significant-
ly predicted CIMT in adulthood. After adjusting for covariates, multivariate
linear regression analysis showed that childhood cardiovascular risk fac-
tors such as male sex, increased body mass index (BMI), elevated diastolic
blood pressure (DBP), raised fasting glucose, and abnormal cholesterol pro-
files predict subclinical atherosclerosis (CIMT > 75th percentile) in young
adulthood after a mean follow-up period of 8.5 years. Multivariate-adjusted
odds ratios (95% confidence interval) for risk factors in childhood (the upper
quartile vs. lower three quartiles) significantly predicting thickened CIMT
(= 75th percentile) were 2.32 (1.46-3.70) for BMI, 6.88 (4.63-10.21) for DBPR,
and 4.10 (2.79-6.04) for childhood with hypertension.

Conclusions: This study highlights the importance of prevention and man-
agement of cardiovascular risk factors during childhood for the primary pre-
vention of cardiovascular disease in adulthood.
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Introduction

Cardiovascular disease (CVD) is a major con-
tributor to the global health burden and the lead-
ing cause of morbidity and mortality in many
Asian countries [1-3]. Atherosclerosis generally
occurs in middle-aged and older adults; however,
it is thought to begin in childhood and to devel-
op silently for decades before clinical events such
as stroke, myocardial infarction, and peripher-
al vascular disease occur [4]. Autopsy studies in
children and adolescents have confirmed that the
presence of preclinical atherosclerotic lesions is
associated with antemortem cardiovascular risks
[5-7]. Preclinical atherosclerosis refers to the early
stages of atherosclerotic disease where structural
and functional changes in the arterial walls, in-
cluding arterial wall thickening, coronary calcium
deposits, and increased arterial wall rigidity, alter
the elastic function and the reactivity of arteries
and abnormal thrombogenicity occurs without
causing any symptoms. This is a crucial phase for
early detection and intervention to prevent the
progression to symptomatic cardiovascular dis-
ease [8]. Therefore, it is important to ensure early
detection of preclinical atherosclerosis and asso-
ciated risk factors as the major predictors of CVD
and stroke in later life.

Common carotid artery intima-media thick-
ness (CIMT) assessed by ultrasonography is
a well-known marker of subclinical atherosclero-
sis [9-11]. The Bogalusa Heart Study showed that
low-density lipoprotein cholesterol (LDL-C) lev-
els and body mass index (BMI) measured during
childhood could predict CIMT in young adults [12].
The Cardiovascular Risk in Young Finns Study also
identified LDL-C, systolic blood pressure (SBP),
BMI and smoking in adolescents aged 12-18
years as predictors of CIMT in young adults aged
33-39 years [4]. Addressing the above-mentioned
modifiable risk factors evident in childhood and
adolescence could therefore help prevent athero-
sclerosis in adulthood.

Childhood overweight/obesity and metabolic
syndrome have been associated with cardiovas-
cular risk and a further increase in risk of the de-
velopment of CVD in later life [13, 14]. In addition
to the Bogalusa Heart Study [12] and the Cardio-
vascular Risk in Young Finns Study [4], several
other studies have also reported the link between
childhood obesity and premature mortality from
CVD [15-18]. However, few studies have investi-
gated these association in the Asian population.
Evidence concerning the associations between
overweight/obesity during childhood/adolescence
and subclinical atherosclerosis in young adults of
ethnic Chinese descent is also limited. The YOung
TAiwanese Cohort (YOTA) Study was conducted
between 2006 and 2008 to investigate the effect

of childhood hypertension on cardiovascular risk
later in life [19]. We found that childhood BMI
tracked well from childhood to adulthood, with an
adjusted R? of 0.551. Childhood hypertension and
overweight/obesity were significant predictors of
preclinical atherosclerosis and elevated cardiovas-
cular risk in young adulthood. The YOTA cohort
also showed that childhood overweight and obesi-
ty predicted the adulthood subclinical atheroscle-
rosis (CIMT > 75th percentile) with relative risks
of 2.99 (95% confidence interval (Cl): 1.37-6.52)
in association with overweight and 3.33 (95% Cl:
1.65-6.74) with obesity, respectively, after a mean
follow-up of 8.5 years. However, investigation on
the association between childhood/adolescent
cardiovascular risk factors and preclinical athero-
sclerosis in young adults is scarce in the Asian pop-
ulation. Information concerning the determinants
and aggravating factors of subclinical CVD and
endocrine/metabolic disorders in young adults re-
mains lacking in Taiwan, particularly when consid-
ering long-term follow-up data.

We therefore conducted this prospective co-
hort study aimed at evaluating the role of child-
hood/adolescent cardiovascular risk factors and
CIMT associated with subsequent subclinical ath-
erosclerosis in young adulthood.

Material and methods
Participants

This is a longitudinal observational cohort
study. From 1992 to 2000, a nationwide mass
urine screening on renal health was conducted
among school children aged 6 to 18 years in Tai-
wan (N = 2,862,083) [14, 20, 21]. Anthropomet-
ric characteristics and blood pressure were also
measured for students who tested positive for
proteinuria or glucosuria (N = 103,756). Among
them, 9,227 students were hypertensive. Students
who had participated in the urine screening pro-
gram were contacted for participation in the YOTA
Study. Detailed information about research proce-
dures is available in our previous study [19, 20].
The diagram (Figure 1) shows the flow chart of the
present study from the urinary screening program
to the recruitment of participants. Among the
9,227 subjects with hypertension in their child-
hood (6—12 years old [y/o]) or adolescence (13-18
y/0), 707 subjects who lived in Taipei were con-
tacted via telephone and mail during 2006-2008.
Overall, 303 subjects with hypertension reported
in their childhood or adolescence completed the
follow-up health examinations (response rate,
42.9%; 303/707). From 94,529 students with nor-
mal BP during childhood or adolescence, 6,390
living in Taipei were randomly contacted by mail
during 2006-2008. Among them, 486 students
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103,756 students who underwent positive urine screening at least twice between 1992
and 2000 nationwide mass urine screening of school students aged 6 to 18 years in Taiwan

Excluded 24,561 with unreliable BP 96

Y

with unknown urine screening

'

9,227 with elevated blood pressure (EBP)
in childhood or adolescence

Y
5,753 with address

Y

707 in Taipei area

Y

Contacted via telephone and mail during 2006-2008

Y
303/707 join the study, response rate 42.9%

303 participants with EBP in childhood or
adolescence

'

94,529 with normal blood pressure in childhood
or adolescence

Y
59,855 with address

\d

6,390 in Taipei area

Y
Contacted only via mail during 2006-2008

Y
486/6,390 join the study, response rate 7.6%

486 participants without EBP in childhood or
adolescence

Figure 1. Flowchart of participants’ recruitment with and without childhood elevated blood pressure (EBP) in the

Young Taiwanese Cohort (YOTA) study during 2006-2008

completed the follow-up health examinations
(response rate, 7.6%; 486/6,390). The mean fol-
low-up period is 8.5 years.

Participants who had provided blood and urine
specimens were subjected to subclinical ath-
erosclerotic measures, including CIMT and bra-
chial-ankle aortic pulse wave velocity [20]. One
subject with normal BP during childhood without
available childhood measurements was excluded.
All participants provided written informed consent.

Assessments of vascular risk factors
and clinical information

The Seventh Report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC-7) defined
hypertension as BP values higher than 140/90
mm Hg or participants being treated with anti-hy-
pertensive agents. Among the 6-18 y/o partici-
pants, hypertension was defined as systolic blood
pressure, diastolic blood pressure, or both greater
than or equal to the sex-, age-, and height-percen-
tile-specific 95" percentile blood pressure values
[22]. BP was measured with a mercury sphygmo-
manometer in a standardized fashion, and the
cuff size adjusted to the circumference of the arm.
BP was recorded using the mean of two measure-
ments taken after 5 min of seated rest. Data on
body weight and height were also obtained. BMI

was calculated as the body weight in kilograms
divided by the height in meters squared. Over-
weight in children and adolescents was defined
according to age and sex-specific criteria for BMI
> 85th percentile for 2-18 years old stipulated
by the Taiwanese Department of Health (http://
www.ctaso.org.tw/news5.htm). Adults (> 18 years
old) with a BMI 24-26.99 kg/m? were defined as
overweight, and a BMI of 27 kg/m? or over was de-
fined as obesity. Prevalent diabetes mellitus (DM)
was defined as fasting glucose > 6.99 mmol/l and/
or a history of taking hypoglycemic agents. Life-
style information, including smoking, drinking and
exercise data, was obtained from a structured and
self-administered questionnaire. Dietary habits
were evaluated using a modified frequency scale
of a dietary questionnaire for hyperlipidemia
available in Taiwanese. Information on family his-
tory of CVD, hyperlipidemia, DM, and hyperten-
sion was also documented.

Serum markers

All subjects with a fasting period for 10-14 h
were asked to provide a venous blood sample
of 20 ml from an antecubital vein for serum and
plasma analysis as well as DNA extraction. Blood
glucose, and serum total cholesterol, triglyceride,
LDL-C, and high-density lipoprotein cholesterol
(HDL-C) levels were measured by an auto-analyz-
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er (Hitachi 7250 Special; Hitachi, Tokyo, Japan) in
a central laboratory at the National Taiwan Uni-
versity Hospital. High-sensitivity C reactive protein
(hs-CRP) levels were measured in plasma using
a commercially available high-sensitivity mecha-
nism (Immulite®, Siemens, USA). For the assays,
blood samples were first centrifuged at 3000 rpm
for 15 min within 30 min of collection, and then
stored at —=70°C until the time of assessment.

Assessment of intima-media thickness
of carotid arteries

The protocol for the carotid atherosclerosis
measurements, including CIMT and carotid ath-
erosclerotic plaque burden, is well documented
[20, 23, 24]. An experienced technician mea-
sured CIMT at the extra-cranial carotid artery
using a high-resolution B-mode ultrasonogra-
phy device (GE Vivid ultrasound system, Horten,
Norway) equipped with a 3.5-10 MHz real-time
B-mode scanner. A quantification package was
applied to conduct offline automatic calcula-
tion for vascular ultrasound. The maximum and
mean intima-media thickness values were cal-
culated for the bilateral common carotid artery
(CCA) proximal to the carotid bifurcation, bulb,
and internal carotid artery. CCA1 and CCA2 on
the CCA distal were measured at 0-1 ¢m and
1-2 cm, respectively, from the carotid bifurca-
tion. The measurement of CIMT at the poste-
rior wall of the distal CCA was made from the
leading edge of the first echogenic line (inter-
face between lumen and vascular intima) to the
leading edge of the second line (interface be-
tween vascular media and adventitia) [23]. The
measurement of CIMT included RCCA1 (right CCA
1cm), RCCA2 (right CCA 2 cm), LCCA1 (left CCA
1 cm), LCCA2 (left CCA 2cm), right bulb, left bulb,
ICA Rt (right internal carotid artery), and ICA Lt
(left internal carotid artery). A digitalized memo-
ry system in the DICOM format recorded all mea-
surements. We acquired a clipped moving image
for the carotid bulb and CCA for 5 s. A comput-
er program was used to analyze the digitized
M-mode and to measure the CIMT between two
successive R waves. This method was able to ob-
tain a mean value of 150 CCA measurements on
a 10-mm segment. The technician was required
to conduct the reliability test by repeating mea-
surements for 30 subjects over 2 weeks. The in-
tra-observer coefficients of correlation reliability
of CIMT measurement were 98.8% for the right
side CCA and 98.5% for the left side CCA [25].

Statistical analysis

Statistical analyses were performed using SAS
version 9.1.3 (SAS Institute Inc., Cary, NC, USA).

We first presented distributions of cardiovascu-
lar risk markers by the quartile of CIMT in adult-
hood, including BMI, fasting glucose, SBP and
DBR cholesterol, HDL-C, LDL-C, triglyceride, DM,
hypertension, smoking, drinking, hs-CRP, albu-
min, creatinine and household income. Sex-spe-
cific mean levels of BMI, cholesterol, fasting
glucose, SBP and DBP measured in childhood
and adulthood were presented by the quartile
of CIMT. Significance levels were estimated by
ANOVA among means, quartile trends and Q4 to
Q1 values.

We then used simple correlation analysis to
measure the relationships between CIMT and
BMI, SBR, DBP, fasting glucose and total choles-
terol measured in childhood and adulthood sep-
arately. We arbitrarily defined a CIMT > 75th per-
centile as thickened CIMT (a surrogate marker
of subclinical atherosclerosis) according to our
previous YOTA cohort [19]. We used multivari-
ate logistic regression analyses to measure the
strength of childhood and adulthood cardiovas-
cular risk factors associated with adulthood sub-
clinical atherosclerosis (CIMT > 75th percentile).
We estimated sex specific odds ratios (ORs) and
95% confidence intervals (Cls) of CIMT > 75th
percentile associated with childhood and adult-
hood risk factors, including BMI, SBR, DBPR, hyper-
tension, cholesterol and fasting glucose. The Q,
level to Q,, level OR of CIMT was measured for
each risk factor after controlling for other fac-
tors. Furthermore, we also conducted subgroup
analysis to compare sex-specific mean values of
the above five cardiovascular risk factors mea-
sured in childhood (6-11 y/0) and adolescence
(12-18 y/o) at baseline (Period I: 1992-2000)
or measured in adolescence (12-18 y/o) and
adulthood (19-30 y/o) at follow-up (Period II:
2006-2008) by quartile CIMT of adolescents (12—
18 y/0) and adults (19-30 y/o) at follow-up
(Period II: 2006-2008) separately.

Results

Characteristics of five cardiovascular risk
factors in adulthood by quartile CIMT and
association with subclinical atherosclerosis
in adulthood

Most of the major cardiovascular risk markers
in adulthood, including age, male sex, waist cir-
cumference, BMI, SBP and DBR fasting glucose,
lipid profile, hs-CRP level, hypertension, and al-
cohol intake, were significantly associated with
CIMT across quartile distributions (Table I). How-
ever, DM, smoking habits, and household income
were not significantly associated with CIMT. On
the other hand, HDL-C and albumin levels were
significantly inversely associated with CIMT.
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Features of five cardiovascular risk variables
in childhood and adulthood by quartile
CIMT and correlation with gender-specific
subclinical atherosclerosis in adulthood

A stratified CIMT analysis showed that all five
cardiovascular risk factors, except for glucose lev-
els and childhood cholesterol levels in male par-
ticipants, were significantly associated with CIMT
independent of childhood, adulthood, and cumula-
tive factors (Table Il). Pearson correlation analysis
showed that all childhood, adulthood, and cumulat-
ed cardiovascular risk factors were significantly as-
sociated with adulthood subclinical atherosclerosis,
CIMT (Supplementary Table SI). BMI, SBR DBP fast-
ing glucose and total cholesterol levels in childhood
were all significantly correlated with respective fac-
tors in adulthood (Supplementary Figure S1).

Cardiovascular risk factors in childhood
and adulthood as determinants of CIMT in
adulthood

Multiple linear regression analysis showed that
childhood cardiovascular risk factors predicted

adulthood CIMT independent of age. On the oth-
er hand, male sex, cholesterol levels, fasting plas-
ma glucose levels, DBR and BMI of adulthood risk
factors were significantly associated with CIMT in
adulthood. However, age and SBP in adulthood were
not significantly associated with CIMT (Table I11).

Upper quartile to the lower three quartiles
odds ratio of cardiovascular risk factors

in childhood and adulthood predicted
thickened CIMT (> 75th percentile) in
young adults

After adjusting for covariates of childhood, the
multivariate logistic regression analysis in Table IV
shows that childhood BMI, DBR, and hypertension
status were significant determinants of adulthood
thickened CIMT (> 75th percentile), with the Q, to
Q, ,adjusted ORs of 2.32 (95% Cl: 1.46-3.70) asso-
ciated with BMI, 6.88 (95% Cl: 4.63-10.21) associ-
ated with DBP and 4.10 (95% Cl: 2.79-6.04) asso-
ciated with hypertension. The corresponding ORs
associated with these adulthood risk factors were
all reduced in both model 1 and model 2 (Table IV).

Table 1. Basic average levels of cardiovascular risk factors in adulthood by quartile and carotid intima-media thick-

ness
Characteristics Carotid intima-media thickness, mean [mm] P1 P2 P3

Quartile 1 Quartile 2 Quartile 3 Quartile 4

< 0.40 0.40-0.43 0.43-0.46 > 0.46

N =197 N =200 N =195 N =197
Age [years] 20.8 £3.4 21.2 £3.2 21.7 £3.0 21.6 £3.6 0.033 0.014 0.004
Male, % 28.9 35.5 44.0 50.8 <0.001 <0.001 <0.001
Waist [cm] 66.9 £8.6 67.9 £8.3 71.4 £10.7 76.4 £15.3 <0.001 <0.001 <0.001
BMI [kg/m?] 21.0+£3.4 20.9 £3.1 22.0 £3.7 23.7 £5.28 <0.001 <0.001 <0.001
SBP [mm Hg] 104.8 £12.4 104.4 £12.55 108.29 +13.6 113.0+17.6 < 0.001 <0.001 < 0.001
DBP [mm Hg] 65.0 9.8 64.7 £8.6 65.8 £9.7 72.2 £14.0 <0.001 <0.001 <0.001
Hypertension, % 3.6 7 8.8 213 <0.001 <0.001 <0.001
Glucose [mmol/1] 4.73 £0.51 4.7 £0.75 4.76 £0.56 5.18 +2.0 <0.001 <0.001 <0.001
Diabetes mellitus, % 0.5 1 1.0 2.5 0.303 0.138 0.086
Cholesterol [mmol/1] 4.48 +0.93 4.42 +0.88 4.48 £0.75 4.74 +1.01 0.002 0.005 0.002
LDL-C [mmol/] 2.53 £0.76 2.48 £0.76 2.62 £0.72 2.89 £0.92 <0.001 <0.001 <0.001
HDL-C [mmol/1] 1.34 +0.26 1.31 +0.26 1.30 £0.27 1.25 +0.24 0.01 0.001 0.001
Triglyceride [mmol/1] 0.91 +0.51 0.94 £1.05 0.92 +0.46 1.11 £1.20 0.074 0.022 0.031
Smoking habit, % 11.7 11 14.5 15.7 0.451 0.243 0.146
Alcohol habit, % 6.6 7.5 7.8 13.7 0.053 0.022 0.017
hs-CRP [ug/l] 70 £120 80 +160 100 ¥170 120 £270 0.031 0.008 0.006
Albumin [g/1] 49 £3 49 £2 49 £2 49 +3 0.018 0.012 0.006
Creatinine [pmol/l] 85.77 +40.67 82.23 +13.26 84.88 +15.92 92.84 +70.74  0.078 0.084 0.045
Household income 64.0 60.5 59.1 58.4 0.677 0.256 0.244
> USD 1,600/mon

BMI — body mass index, SBP and DBP — systolic and diastolic blood pressure, LDL-C and HDL-C — low-density and high-density cholesterol,
hs-CRP — high-sensitivity C-reactive protein. P1-value is test for ANOVA or 2. P2-value is for CIMT quartile 4 compared with CIMT quartile 1.

P3-value is test for trend.
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Table Il. Averages of 5 cardiovascular risk factors in childhood and adulthood measured by quartile of adulthood

carotid intima-media thickness

Characteristics

Carotid intima-media thickness [mm]

P-value

Quartile 1 Quartile 2 Quartile 3 Quartile 4 ANOVA Trend Q4vs. Q1
< 0.40 0.40-0.43 0.43-0.46 > 0.46
N =197 N = 200 N =195 N =197
Male
Body mass index [kg/m?]
Childhood 18.8 £3.0 18.3 £3.0 19.5 £3.5 21.7 £5.2 <0.001 <0.001 <0.001
Adulthood 21.8 3.4 21.4 £3.2 23.0 £4.1 25.1 £5.6 <0.001 <0.001 <0.001
Cumulative risk 20.4 £2.8 19.7 £2.9 21.1+£34 23.2 £5.2 <0.001 <0.001 <0.001
Glucose [mmol/1]
Childhood 4.6 +0.6 4.8 +0.9 4.7 +0.7 4.7 +0.8 0.756 0.955 0.805
Adulthood 4.7 +0.4 49 +1.2 4.7 0.3 5.0 1.0 0.142 0.119 0.055
Cumulative risk 4.7 +0.4 4.8 +1.0 4.7 +0.4 4.8 +0.7 0.451 0.311 0.176
Cholesterol [mmol/l]
Childhood 3.9 +0.9 4.1 £0.9 4.0 £0.8 4.2 £0.9 0.324 0.172 0.101
Adulthood 43+1.2 4.4 +0.8 4.4 +0.9 4.8 1.0 0.026 0.015 0.012
Cumulative risk 4.1+1.0 4.2 +0.8 4.2+0.7 4.5+0.9 0.059 0.033 0.019
Systolic BP [mm Hg]
Childhood 109.6 £17.6 110.9 £16.2 115.5£19.5 120.3 #16.8 <0.001 <0.001 < 0.001
Adulthood 114.0 £13.2 112.1 #12.3 114.62+12.7 1194 £17.7 0.008 0.015 0.027
Cumulative risk 112.0+11.4 111.0+11.5 114.8+129 119.0%13.4 <0.001 <0.001 0.001
Diastolic BP [mm Hg]
Childhood 67.4+11.5 67.9+10.1 70.7+11.3 80.9+151 <0.001 <0.001 <0.001
Adulthood 70.6 £10.4 68.6 £8.3 69.7 £9.5 76.1 £14.2 < 0.001 0.003 0.003
Cumulative risk 69.1 £8.5 68.1 +7.2 70.03 #8.2 78.0+11.8 < 0.001 <0.001 <0.001
Female
Body mass index [kg/m?]
Childhood 18.1 £3.2 18.6 +2.9 18.8 £3.0 20.9 £5.1 <0.001 <0.001 <0.001
Adulthood 20.6 £3.3 20.5 £2.9 21434 22.3 4.5 <0.001 <0.001 <0.001
Cumulative risk 19.6 £2.8 19.7 £2.6 20.1 £2.8 21.6 +4.4 <0.001 <0.001 <0.001
Glucose [mmol/1]
Childhood 4.6 £0.6 4.9 +1.2 4.7 £0.7 5.2+23 <0.001 <0.001 <0.001
Adulthood 4.7 +0.6 4.7 £0.7 4.7 +0.4 5.4 £2.7 0.002 0.003 < 0.001
Cumulative risk 4.7 0.4 4.8 +0.9 4.7 0.5 5324 <0.001 <0.001 <0.001
Cholesterol [mmol/[]
Childhood 43+1.0 4.2 +0.9 4.3 +0.8 4.6 +1.2 0.010 0.013 0.015
Adulthood 4.5 +0.8 4.5 +0.9 4.5 £0.6 4.8 £1.0 0.031 0.045 0.033
Cumulative risk 4.4 £0.8 4.3 0.8 4.4 £0.6 4.7 £1.0 0.003 0.011 0.009
Systolic BP [mm Hg]
Childhood 103.7 £13.4 107.3 £16.1 108.1 £16.1 118.9+18.7 <0.001 <0.001 < 0.001
Adulthood 101.5+9.7 99.4+10.6 104.2+11.7 106.0+149 <0.001 <0.001 0.003
Cumulative risk 103.3 #8.4 103.7 +11.3 106.1 £11.4 1124134 <0.001 <0.001 <0.001
Diastolic BP [mm Hg]
Childhood 66.5£11.8 69.4+123 70.7+129 819150 <0.001 <0.001 <0.001
Adulthood 62.7 £8.7 62.2 8.3 63.6 £+8.4 67.9+13.0 <0.001 <0.001 <0.001
Cumulative risk 65.0 £7.7 66.0 £8.6 67.1 £8.5 74.9 £10.6 < 0.001 < 0.001 < 0.001
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Table I1l. Multiple linear regressions for cardiovascular risk factors in childhood and adulthood as determinants of

carotid intima-media thickness in adulthood

Characteristics Childhood Adulthood

B SE P-value B SE P-value
Age [years] 0.000356 0.000633 0.574 0.000437 0.000502 0.385
Male, yes 0.016510 0.003270 < 0.001 0.007740 0.003740 0.039
Cholesterol [mmol/1] 0.269739 0.063855 < 0.001 0.260064 0.071982 < 0.001
Fasting glucose [mmol/l] 0.003168 0.001404 0.024 0.005274 0.001476 < 0.001
Systolic BP [mm Hg] —0.000263 0.000129 0.042 —-0.000211 0.000187 0.261
Diastolic BP [mm Hg] 0.001410 0.000153 < 0.001 0.000937 0.000236 < 0.001
BMI [kg/m?] 0.002630 0.000476 < 0.001 0.002300 0.000455 < 0.001
Adjusted R? 0.2747 0.1644

Subgroup analysis among children (6-11
y/0), adolescents (12-18 y/o0) and adults
(19-30 y/0)

The average ages (mean + SD) at screening (Pe-
riod I: 1992-2000) during childhood (6-11 y/0) and
adolescence (12-18 y/o0) were 9.36 +1.42 y/o and
14.09 +1.66 y/o, respectively. The corresponding
ages at follow-up (Period Il: 2006-2008) during
adolescence (12-18 y/o0) and adulthood (19-30
y/0) were 16.74 +1.40 y/o and 22.59 +2.47 y/o,
respectively. As shown in Supplementary Table S,
the stratified CIMT analysis showed that none of
the male cardiovascular risk factors in childhood
during Period | (1992-2000) and followed up in
adolescence during Period Il (2006-2008) was as-
sociated with CIMT in the adolescence period. For
females, only SBP and DBP in childhood were sig-
nificantly associated with CIMT for adolescence. In
contrast, most of the cardiovascular risk factors
measured in the adolescence period and in adult-
hood were significantly associated with CIMT in
adulthood during Period Il (2006—2008).

Multiple linear regression showed that only
DBP in childhood during Period | (1992-2000)
predicted CIMT in adolescence during period Il
(2006-2008) (Supplementary Table SlIl). In con-
trast, almost all the cardiovascular risk factors in
both adolescence during Period | (1992-2000) and
adulthood during Period I (2006-2008) except SBP
in adulthood during Period Il (2006—-2008) predict-
ed adulthood CIMT during Period Il (2006-2008)
independent of age (Supplementary Table SllI).

Discussion

This study traced the cardiovascular risk from
childhood to adulthood. We found that child-
hood cardiovascular risk factors could predict
adulthood subclinical atherosclerosis. The most
important predictors were childhood BMI, DBP
and hypertension. Childhood levels of cholesterol
and fasting glucose, SBR and male sex were also

positively associated with CIMT during adulthood.
This study confirmed that childhood cardiovascu-
lar risk factors play an important role in the initia-
tion and progression of subclinical atherosclerosis
during adulthood.

Post-mortem studies have demonstrated that
cardiovascular risk factors in children/adolescents
are associated with the early stages of coronary
atherosclerosis [26, 27]. Importantly, the extent
of lesions increases remarkably with multiple car-
diovascular risk factors [7]. The cross-sectional
Bogalusa Heart Study found a deleterious trend
towards increased CIMT as the number of car-
diovascular risk factors in asymptomatic healthy
young adults increased [28]. The study also re-
ported that SBP race, age, LDL-C, and HDL-C were
significantly associated with CIMT, and accounted
for 16.7% of variance in CIMT in a multivariate
analysis [28]. The Young Finns Study also showed
that CIMT was associated with cardiovascular risk
factors during early adulthood (age 33-39 years),
including LDL-C level, total cholesterol level,
LDL-C/HDL-C, SBR DBR BMI and smoking in men.
In women, LDL-C/HDL-C ratio, triglyceride leve|,
SBP DBR BMI and smoking were associated with
CIMT [4]. In our study, cardiovascular risk deter-
minants during young adulthood, including age,
male sex, waist circumferences, BMI, SBP DBP the
presence of hypertension, fasting plasma glucose
levels, lipid profile, hs-CRP levels, and alcohol in-
take, but not smoking habits, differed significantly
among CIMT quartiles during adulthood. Most of
the cardiovascular risk factors in young adulthood
associated with CIMT in our study were similar to
previous studies found in Western populations [4,
28]. However, unlike those studies [4, 28], smok-
ing was not associated with CIMT in the present
study. In the Young Finns Study, 54.2% of men and
43.2% of women were current or former smokers
[4]. In contrast, the prevalence of smoking was
21.01% in men and 6.5% in women in this study
[19]. A lower prevalence of smoking and younger

Arch Med Sci



Tien-Jyun Chang, Chung-Yen Chen, Fung-Chang Sung, Ta-Chen Su

Table IV. Upper quartile to the lower three quartiles odds ratio of cardiovascular risk factors in childhood and
adulthood predicted thickened CIMT (> 75th percentile) in young adults

Variable BMI SBP DBP Hypertension Cholesterol Fasting
Q4 VS. Ql_3 Q4 VS. 01.3 Q4 VS. 01.3 Q4 VS. 01_3 Glucose
Q,vs.Q,,
Childhood
All 2.32 0.89 6.88 4.10 1.53 1.03
(1.46, 3.70)* (0.57,1.41) (4.63, 10.21)* (2.79, 6.04)* (1.00, 2.34) (0.67, 1.57)
Male 2.72 0.64 5.82 2.40 1.84 0.73
(1.33, 5.54)° (0.34,1.21) (3.17, 10.68)* (1.36, 4.24)" (0.92, 3.69) (0.38, 1.40)
Female 2.01 1.24 7.73 6.4 1.36 1.24
(1.07, 3.79) (0.65, 2.36) (4.58,13.08)*  (3.71, 11.05)* (0.78, 2.37) (0.70, 2.19)
Adulthood
Model 1
All 1.97 1.17 2.17 1.81 1.36 1.08
(1.32,2.93)* (0.74, 1.84) (1.36, 3.46)* (0.90, 3.66) (0.92, 2.00) (0.73, 1.60)
Male 2.64 1.08 1.57 1.48 1.14 0.93
(1.53, 4.56)* (0.63, 1.88) (0.87, 2.83) (0.63, 3.48) (0.63, 2.06) (0.53, 1.65)
Female 1.41 1.39 3.97 3.01 1.51 1.28
(0.76, 2.60) (0.59, 3.25) (1.80, 8.78)* (0.81, 11.23) (0.89, 2.55) (0.74, 2.18)
Model 2
All 1.97 1.17 2.13 1.87 1.36 1.11
(1.28, 3.03)* (0.73, 1.89) (1.31, 3.44)* (0.90, 3.86) (0.91, 2.02) (0.74, 1.65)
Male 2.90 1.02 1.51 1.45 1.12 0.90
(1.55, 5.41)* (0.57, 1.83) (0.80, 2.82) (0.58, 3.63) (0.60, 2.09) (0.50, 1.62)
Female 1.33 1.38 3.79 3.12 1.55 1.35
(0.68, 2.58) (0.56, 3.39) (1.61, 8.93)* (0.8, 12.24) (0.90, 2.69) (0.76, 2.42)
P-value for these parameters: *< 0.05, t< 0.01, ¥ < 0.005. BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood
pressure.
Multivariate adjustment:
Childhood:

Body mass index: adjusted for age, sex, SBR DBP fasting glucose, and cholesterol levels
SBR DBR, and hypertension: adjusted for age, sex, BMI, fasting glucose, and cholesterol levels

Cholesterol: adjusted for age, sex, BMI, fasting glucose, SBP and DBP

Glucose AC: adjusted for age, sex, BMI, cholesterol levels, SBP and DBP

Adulthood:
Model 1: Risk factors same as childhood
Modlel 2:

Body mass index: adjusted for age, gender, fasting glucose, SBE DBE, current smoking and drinking history, LDL-C, HDL-C, high sugar diet,

high fat diet, household income, father education, creatinine levels

SBR DBR and hypertension: adjusted for age, gender, BMI, fasting glucose, smoking and drinking history, LDL-C, HDL-C, high sugar diet,

high fat diet, household income, father education, creatinine levels

Cholesterol: adjusted for age, gender, BMI, fasting glucose, SBR DBR, current smoking and drinking history, high sugar diet, high fat diet,

household income, father education, creatinine levels

Glucose AC: adjusted for age, gender, BMI, SBR DBR current smoking and drinking history, LDL-C, HDL-C, high sugar diet, high fat diet,

household income, father education, creatinine levels

age in adulthood in this study may explain why
smoking was not significantly associated with
CIMT during young adulthood.

In this study, the five cardiovascular risk fac-
tors, except glucose levels in male participants,
tracking from childhood to adulthood are asso-
ciated with CIMT measured 8.5 years later. It is
inferred that the cardiovascular risk factors in
childhood and adolescence were significantly as-
sociated with subclinical atherosclerosis during
young adulthood, which was compatible with
findings in previous longitudinal studies [4, 28].
Childhood cholesterol was the only factor signifi-
cantly different among the four quartile-strat-

ified groups in women, but not in men. There
was a lower cholesterol level in boys than in girls
during childhood (Table II: childhood cholesterol,
boys: 3.9-4.2 mmol/|, girls: 4.3-4.6 mmol/l). Sim-
ilarly, glucose levels in males from childhood to
adulthood were not significantly different among
the four quartile-stratified groups, which may be
due to the lower fasting plasma glucose levels in
males than in females during both childhood and
adulthood (Table II: 4.6—4.7 versus 4.6—5.2 mmol/I
in childhood and 4.7-5.0 versus 4.7-5.4 mmol/I
in adulthood). Because cardiovascular risk factors
during childhood/adolescence are sex-specific,
we may adopt a different strategy for preventing
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progression to subclinical atherosclerosis in men
compared with women.

In this study, five cardiovascular risk factors
(i.e., BMI, SBR DBR plasma cholesterol and glu-
cose levels) in both childhood and adulthood
were positively associated with CIMT in adult-
hood. Consistently, BMI, SBR, DBR fasting glucose
and total cholesterol levels in childhood were all
significantly correlated with respective factors in
adulthood, according to the tracking of respective
values between 1992-2000 and 2006-2008. The
associations between childhood and adulthood
cardiovascular risk factors may explain why their
presence in childhood contributes to the devel-
opment of subclinical atherosclerosis in young
adults. However, in the multiple linear regression
model, only male sex, BMI, DBR plasma cholesterol
and glucose levels were positively associated with
CIMT during adulthood. Comparing the childhood
and adulthood risk factors between Taiwanese
and people in Western countries [4, 12], both BMI
and plasma cholesterol levels were the common
risk factors in different ethnic populations. How-
ever, SBP and smoking are considered significant
risk factors for preclinical atherosclerosis in West-
ern countries, but not in Taiwan.

The multivariate logistic regression analysis
shows that higher BMI, higher DBR and hyper-
tension status in childhood were the major deter-
minants of adulthood subclinical atherosclerosis
(CIMT > 75th percentile). A cross-sectional school-
based study in Eastern Turkey also demonstrated
significant relationships between atherosclerosis
and central obesity, DBP and chronic inflamma-
tion in school-aged children [29]. Obesity in ado-
lescents needs to be considered, since it generally
persisted into adulthood [29, 30]. Studies have
shown that children with obesity are at greater
risk of developing hypertension compared with
their normal weight counterparts, and the risk
progresses into adulthood if obesity persists [31—
33]. Hypertension is also a major risk factor for
carotid atherosclerosis [23, 34]. A meta-analysis
for one million adults in 61 prospective studies
showed that the risk of coronary artery disease
was estimated to begin at 115/75 mm Hg and
double with the increment of 20/10 mm Hg [35].
Endothelial dysfunction is one of the earliest arte-
rial atherosclerotic changes. A 21-year follow-up
of the Cardiovascular Risk in Young Finns study
showed that the elevated blood pressure in ad-
olescent boys predicted endothelial dysfunction,
which suggested that hypertension in adoles-
cence may affect biological processes to regulate
endothelium-dependent flow-mediated vasodila-
tion capacity [36]. Individuals with hypertension
persisting from childhood to adulthood are at an
increased risk of carotid atherosclerosis. Howev-
er, the risk can be reduced if hypertension is con-

trolled during adulthood [37]. The American Heart
Association has recently reported that the preva-
lence of adult cardiovascular disease decreased
from 49.2% to 9.3% in those with or without hy-
pertension [38]. A systemic study with data from
diverse populations showed that blood pressure
tracking from childhood into adulthood is strong,
emphasizing the need for early intervention [39].
Therefore, identifying and treating childhood hy-
pertension has the potential of a substantial ef-
fect on the prevention of cardiovascular disease
during adulthood. The Student Health Checkup
Guidebook of Senior & Junior High School and Ele-
mentary School of Taiwan (2020 Version, Ministry
of Education, Republic of China (Taiwan)) requires
the measure of BMI, blood pressure, spot urine
examination, and other biochemical parameters
(i.e., CBC, liver function, renal function, cholester-
ol, HBsAg, anti-HBs, urine routine) for school-aged
children and adolescents. The nationwide regular
health check-up for students can detect higher
BMI, higher DBP and hypertension status in chil-
dren and adolescents for further medical advice
and treatment. The strategy of early intervention
of obesity and hypertension in childhood and ad-
olescence may reduce the incidence of atheroscle-
rotic cardiovascular disease in later life.

Many studies have demonstrated that car-
diovascular risk factors in children/adolescents
are associated with the early stages of coronary
atherosclerosis [4, 7, 26-28]. However, very few
studies have investigated whether cardiovascu-
lar risk factors in childhood or adolescence have
different impacts on development of subclinical
atherosclerosis in young adults. In the subgroup
analysis, we found that adolescence but not
childhood cardiovascular risk factors could pre-
dict young adulthood subclinical atherosclerosis.
The most important predictors were cholesterol,
fasting plasma glucose, DBR, and BMI in both ad-
olescents and young adults. However, most of the
childhood cardiovascular risk factors were not sig-
nificant determinants of subclinical atherosclero-
sis in adolescence. One previous study assessed
CIMT in healthy children aged 1-15 years old, and
showed that CIMT is constant in healthy children
younger than 10 years, and then CIMT increases
after the age of 10 years, independent of sex and
BMI [40]. It implied that the progression of inti-
mal thickening is not prominent before the age of
10 years, which may explain why cardiovascular
risk factors in childhood during Period | are not
associated with CIMT in adolescence during Peri-
od Il in our study.

Another cross-sectional study also showed that
CIMT was stable from childhood (age 6-11 years)
into adolescence (age 12-18 years), and BMI in
childhood was not associated with childhood
CIMT. However, both BMI and CV risk score in ado-
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lescence had small, but significant positive correla-
tions with CIMT in adolescence [41]. These results
were compatible with the findings in our subgroup
analysis. However, small numbers of children (6-11
y/0, n = 105) were recruited in this cohort, which
may not have enough power to predict thickened
CIMT in adolescence according to the five cardio-
vascular risk factors in childhood. Further studies
with larger cohorts are needed to validate whether
cardiovascular risk factors in childhood or adoles-
cence have different impacts on the development
of subclinical atherosclerosis in young adults.

There were several limitations of this study.
First, the recruited participants were positive
for proteinuria or glycosuria during the urinary
screening program in this study. Therefore, the
identified risk factors for subclinical atherosclero-
sis in young adults may not be generalizable to
all young populations. However, all current par-
ticipants were relatively healthy in adulthood and
exhibited similar characteristics to a similar age
group in the general population in Taiwan [42].
Therefore, the results obtained in this study can
still have a strong impact on policy making for
early prevention of atherosclerotic heart disease
since childhood. Second, because the longitudinal
observational cohort study conducted from 1992
to 2000 only assessed anthropometric measures,
fasting blood test for total cholesterol, albumin,
blood urea nitrogen, serum creatinine, C3 comple-
ment, anti-streptolysin O, and blood pressure [14],
we can only include total cholesterol, rather than
LDL or non-HDL, as a covariate in the trajectory
analysis. Third, because we did not measure uric
acid levels in the longitudinal observational cohort
study conducted from 1992 to 2000 [14], we did
not include uric acid as a covariate in the trajecto-
ry analysis. The strength of this study is that the
participants were recruited from a large popula-
tion of school-aged children and adolescents in
Taiwan during 1992-2000, and demonstrated the
characteristics of a representative population for
a long-term cohort study to investigate the risk
factors during childhood and young adults to pre-
dict preclinical atherosclerosis in young adulthood.

In conclusion, exposure to cardiovascular risk
factors in childhood, especially higher BMI, higher
DBPR and hypertension, predicts the development
of thickened CIMT (i.e. > 75th percentile) during
adulthood in the Taiwanese population. Therefore,
these findings suggest that cardiovascular risk in-
tervention during childhood/adolescence is effec-
tive for mitigating illness onset later in life.
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