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Abstract

Asthma is related to various cardiovascular (CV) risk. Whether a history of asthma from childhood
contributes to arterial stiffness in adulthood, a non-invasive surrogate for CV events, is unknown.
Prospective analyses were performed among 1746 Bogalusa Heart Study participants aged 20 to
51 years with data on self-report asthma collected since childhood. Aorta-femoral pulse wave
velocity (af-PWV, m/s) was repeatedly assessed among adults aged 18 years and over. Generalized
linear mixed models and generalized linear models were fitted for the repeated measurements of
af-PWV and its changes between the last and the first measurements, respectively. After a median
follow-up of 11.1 years, participants with a history of asthma from childhood had a higher af-
PWV (6.78 vs. 6.20, p=0.048) and a greater increase in af-PWV (8.99 vs. 2.95, p=0.043) than
those without asthma, adjusted for age, gender, race, smoking status, heart rate, body mass index
(BMI), systolic blood pressure (SBP), lipids, and glycemia. In addition, we found significant
interactions of asthma with BMI and SBP on af-PWV and its changes (p for interaction<0.01).
The associations of asthma with af-PWV and its changes appeared to be stronger among
participants who were overweight and obese (BMI1>25 kg/m?) or with prehypertension and
hypertension (SBP=120 mm Hg), compared with those with a normal BMI or SBP. Our findings
indicate that a history of asthma from childhood is associated with higher af-PWV and greater
increases in af-PWYV, and such associations are stronger among young adults who are overweight
or with elevated blood pressure.
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Introduction

Methods

Acrterial stiffness expressed as pulse wave velocity (PWV) is a functional marker of arterial
vulnerability and recognized as organ damage, resulting from aging, arteriosclerosis, and
elevated blood pressure.1=* In hypertensive patients or those with established diseases (e.qg.,
type 2 diabetes, heart disease, chronic kidney and pulmonary diseases), persistent elevation
of aortic PWV is related to high risk for future death and adverse cardiovascular (CV)
events.>~" Growing evidence has shown that accelerated stiffening of central elastic arteries,
especially in children and young adults, is a strong independent predictor for CV events,
cardiac disease, renal disease, and future death.28-11 Recently, a growing body of evidence
has linked increased PWV with chronic inflammation,12-1% independent of traditional CV
risk factors.

Asthma is a chronic inflammatory disorder characterized by inflamed and narrowed airways,
affecting 8.4% (6.2 million) of children and 7.6% (18.4 million) of adults in the US in
2015.16 Adult patients with asthma have been found to have an increased risk of incident
stroke and total CV events.1’18 However, there are limited data linking asthma with
subclinical vessel changes and cardiac dysfunction, and the findings are inconsistent.19-21
Several cross-sectional studies of both pediatric and adult populations have found a positive
association between asthma and PW\V.19:21-23 To our knowledge, there have been no
prospective studies assessing the relationship between a history of asthma from childhood
and aortic PWV and its changes in young adults.

In this study, we evaluated the association between a history of asthma from childhood and
aorta-femoral PWV (af-PWV) in young adulthood using data from the Bogalusa Heart
Study, an ongoing, community-based, epidemiologic study begun in 1973.24 In addition, we
particularly investigated potential interactions between asthma and major CV risk factors.

Study Participants and Data Source

The Bogalusa Heart Study (BHS) is a community-based, biracial (65% white and 35%
black), series of surveys to determine the natural history of CVD and its risk factors,
established by Dr. Gerald S. Berenson in 1973.24 A total of ~16,000 individuals have been
recruited in BHS surveys, including nine surveys of children and adolescents aged 4-19
years from 1973 till 1994 and 11 surveys of adults aged 20 to 52 years who were examined
during childhood and remained accessible from 1977 till now.2 It now consists of series of
surveys and is ongoing still, with examinations every 2 to 3 years from childhood through
adulthood. Thus, the repeated measurements of both CV function and CVD risk factors
enabled longitudinal analyses in a unique childhood-to-adulthood cohort setting. A detailed
description of study design and participant recruitment in BHS was provided elsewhere.26
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Data, analytic methods, and study materials are available to other researchers through
National Heart, Lung, and Blood Institute BioLINCC repository at https://
biolincc.nhlbi.nih.gov/studies/bhs/ , or through ClinicalTrials.gov at https://
clinicaltrials.gov/ct2/show/NCT00005129.

In the current study, baseline information on a history of asthma since childhood was
collected among 8289 individuals using a self-administered questionnaire from September
27,1983 to December 29, 2010. Non-invasive cardiac subclinical markers derived from
echocardiography were measured as the outcomes in the follow-ups from February 14, 2001
to December 29, 2010. We excluded subjects who only had baseline information on asthma,
or who didn’t have subclinical cardiac measurements in the follow-ups, or whose self-
reported asthma was reported after cardiac markers were measured. In addition, we excluded
subjects who had a physician-diagnosed or self-reported CVD from baseline to follow-up,
including arteritis, angina pectoris, angioplasty, blockage in ventricle, bypass surgery,
congenital heart disease, congestive cardiac failure, enlarged left ventricle, heart murmur,
heart attack, mitral valve prolapse, mitral valve stenosis, stroke, tachyarrhythmia, ventricular
arrhythmia, valve replacement, and unspecified mitral disease.?’

After applying the exclusion criteria, a total of 1746 participants formed the study cohort
(Figure 1), with one to four follow-ups apiece. In order to examine the impact of asthma on
longitudinal changes in af-PWV, a minimum of 5 years’ time interval between the first and
last echocardiographs was required for included participants (434 subjects included).
Written informed consent was obtained from adult participants and from parent/guardian of
children and adolescent at each examination circle. The study protocol was approved by the
biomedical committee of the Tulane University Institutional Review Board.

History of Asthma

Individual information on a history of asthma was collected by questionnaire. Asthma
prevalence was measured by the child’s parent/guardian’s responding to the question “does
your child now have asthma or has your child had asthma in the past?”. The survey time was
approximately considered as the age of asthma diagnosis for children and teenagers. Adults
aged over 18 years of old were asked: “do you now have asthma or have you had asthma in
the past?”. For participants who reported having asthma in the past, they were further asked:
“when were you first diagnosed with asthma?”. If this information was missing, the survey
time then became the proxy time of diagnosis. For those with multiple times of reported
asthma, the first report of asthma was considered as the baseline for asthmatic subjects, and
the time when firstly reporting of no asthma was used for those who never reported asthma
from 1983 till 2010.2

Assessment of Aorta-femoral Pulse Wave Velocity

Aorta-femoral pulse wave velocity (af-PWV) were measured using the Toshiba Power
Vision SSH-380 (Toshiba America Medical Systems, Tustin, CA), with one non-directional
transcutaneous Doppler flow probe (Toshiba PSK25AT, 2.5 MHz) positioned at the
suprasternal notch, and another probe (Toshiba PCK703AT, 7.5 MHz) at left femoral artery
in a supine position.28 The arterial flow waves from the two arterial sites were recorded. The
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distance between the aorta and femoral arteries was measured with a caliper instrument.29
The difference in timing between the two waves represents the time component of the
velocity equation. Then af-PWV was calculated by dividing the distance traveled by the time
differential between 2 waveforms, and the mean value of af-PWV from 3 repeated
measurements was used for each participant.3% Additionally, a random 6% sample of
participants were selected for repeat measurements 10 to 12 days apart. As described
elsewhere30:31 the coefficient of variation for inter-reader and intra-reader variability for all
measures of cardiac anatomy was less than 10%. The echocardiography was performed
among adults aged 18 years and over, with height ranged from 133 to 196 cm.

Assessment of Covariates

Demographic information were all self-reported or reported by parents or guardians on self-
administrated questionnaires, including age in years at screening, gender (male/female), race
(white/black), smoking status (current/non-current smokers), use of antihypertensive
medicine (Yes/No), medication for dyslipidemia (Yes/No), and medication for glycemia
('YYes/No). Physical and laboratory examinations followed rigid protocols performed by
trained examiners. Body mass index (BMI, weight in kilograms divided by the square of the
height in meters) was repeatedly measured, and the mean values were used for analysis.
Resting heart rate (beats per min) was counted at the radial pulse in a relaxed sitting
position, and three measurements were obtained separated by brief intervals. Systolic and
diastolic blood pressures (the 4™ Korotkoff phase for children and the 51 for adults) were
measured using a mercury sphygmomanometer by two well-trained observers (3 replicates
each). The cutoff value of 120 mm Hg for systolic blood pressure (SBP), according to the
update in the 2017 Guideline for the Prevention, Detection, Evaluation, and Management of
High Blood Pressure in Adults,32 was used to define prehypertension and hypertension in
the current study The mean value of the six readings of blood pressure was used for analysis.
Fasting overnight was required for laboratory examination. Total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C) levels (mg/dL) were determined by enzymatic
procedures on the Abbott VP instrument (Abbott Laboratories, Chicago, IL) from 1987 to
1996, and on the Hitachi 902 Automatic Analyzer (Roche Diagnostics, Indianapolis, IN)
after 1996. Fasting plasma glucose (mg/dL) was measured by a glucose oxidase method
using a Beckman Glucose Analyzer (Beckman Instruments, Palo Alto, CA) from 1981 to
1991, and measured enzymatically as part of a multichemistry (SMA20) profile since
1991.33 Information on covariates was obtained during the same day when the
echocardiography was completed in the examining center.

Statistical Analyses

Characteristics of the subjects were compared between asthma and non-asthma groups,
using the chi-square test for categorical variables, and the Student’s t-test or Kruskal-Wallis
test for continuous variables with normal or skewed distributions, respectively. We fitted a
generalized linear mixed model (GLMM) to examine the association of asthma with
repeated af-PWYV measures. Statistical adjustments were made for age, gender, race,
smoking status, use of antihypertensive medicine, medication for dyslipidemia, medication
for glycemia, total cholesterol, LDL-C, fasting glucose, and heart rate as fixed effects, as
well as individual 1D as random effects. Further, we estimated the least-squares means and
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confidence intervals of af-PWV with adjustment for covariates. To examine the potential
interactions, we categorized age (<35 and =35 years), heart rate (<70 and =70 beats per
min), SBP (<120 and =120 mm Hg), total cholesterol (<200 and =200 mg/dL), LDL-C
(<130 and =130 mg/dL), fasting glucose (<100 and =100 mg/dL) into two groups, and BMI
(<25, 25-30, and =30 kg/m?) into three groups (Table 3), and then included the interaction
term of asthma and each covariate (considered as both categorical and continuous variables)
in the GLMM model. Similarly, we fitted a generalized linear model (GLM) to assess the
association between asthma and the changes in af-PWV (Aaf-PWV) with additional
adjustments of the first af-PWV measurement and the time interval between the first and last
af-PWV measurement. A two-sided P-value <0.05 was considered as statistically significant,
and false discovery rate (FDR) from p values was computed for multiple testing corrections
using the Benjamine & Hochberg. All data management and analyses were conducted using
R version 3.3.0 released on May 3, 2016.

Table 1 summarizes the characteristics of the study subjects at both baseline and follow-up
by asthma status. With a median follow-up of 11.1 years, 1746 participants were included,
with a total of 3944 follow-up measurements of af-PWYV, and 56.2% of them were followed
2~4 times. Of the longitudinal cohort (58.2% were women, and 28.9% were blacks), 9.7%
had a self-reported history of asthma. The median (interquartile range) of age was 29.0
(15.0, 34.0) and 37.0 (29.0, 43.0) years of old at baseline and in the last follow-up,
respectively. Compared with participants without asthma, subjects who had a history of
asthma were younger at both baseline (22.5 vs. 29.5, p<0.01) and last follow-up (36.0 vs.
37.0, p=0.02) and had a higher BMI (30.8 vs. 29.3, p=0.02). No significant difference was
found in gender, race, smoking, SBP, heart rate, TC, LDL-C, fasting glucose, and medication
for hypertension, dyslipidemia, and diabetes.

In Table 2, participants with a history of asthma since childhood had significantly higher af-
PWV in their young adulthood, compared with those without asthma after full adjustment
(6.78 vs. 6.13, p=0.048). We also examined the association of asthma with the changes in af-
PWV (Aaf-PWV, m/s), measured during a median of 11.1 years (interquartile range: 5.4—
13.0 years) among 434 subjects. Of note, participants with a history of asthma had almost a
threefold greater af-PWV compared with those without asthma (adjusted means of Aaf-
PWV: 9.52 vs. 3.60, p=0.032). Further adjustment for SBP or/and BMI did not appreciably
change the associations (p<0.05).

We further analyzed the potential interactions between a history of asthma and major
cardiovascular risk factors on af-PWV and its changes, using the Benjamini & Hochberg
FDR procedure for multiple-testing correction (Table 3). We found that both BMI and SBP
significantly modified the association of asthma with af-PWV and Aaf-PWV (Pgpgr for
interaction < 0.05). For young adults who were overweight or obese (BM1225 kg/m?2),
significant differences in af-PWV and Aaf-PWV were both observed between asthma and
non-asthma group (adjusted means: 7.19 vs. 6.27 for af-PWV in Figure 2a, 12.73 vs. 1.83
for Aaf-PWV in Figure 2b, p values for both regression coefficients (g) <0.01). For
participants who were with prehypertension or hypertension (SBP=120 mmHg), similar
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differences were also shown between two groups (p=2.26 for af-PWV in Figure 2c, p<0.01;
B=13.12 for Aaf-PWV in Figure 2d, p=0.01), whereas among subjects with normal weight
(BMI<25 kg/m?) or SBP less than 120 mmHg, the difference in af-PWV and Aaf-PWV
between asthma and non-asthma groups was not significant (B=—0.236 and —4.289, p=0.792
and 0.531, respectively, for af-PWV in Figure 2a and Aaf-PWV in Figure 2b; B= -0.246 and
0.735, p=0.545 and 0.834, respectively, for af-PWV in Figure 2c and Aaf-PWYV in Figure
2d). No significant interactions were observed between asthma and other risk factors.

Discussion

In this longitudinal cohort of a median follow-up of 11-year, a history of asthma from
childhood was significantly associated with a greater af-PWV and accelerated the increase in
Aaf-PWV among asymptomatic young adults, independent of traditional CV risk factors. We
observed significant interactions of asthma with SBP and BMI on af-PWV and Aaf-PWV;
the positive associations of asthma with af-PWV and its change appeared to be stronger
among participants with higher BMI (overweight and obese) or higher SBP (prehypertension
and hypertension), compared with those who had a lower BMI and SBP.

To our knowledge, the current study is the first to prospectively analyze the association
between a history of asthma from childhood and arterial stiffness in young adults. Results
from a meta-analysis of 17 prospective cohort studies showed 1.0 m/s increase in aortic
PWV was associated with 14%, 15%, and 15% increase in total CV events, CV mortality,
and all-cause mortality, respectively.1 Of note, our study participants are young adults, a
small increase in af-PWV is a reliable marker for an abnormally accelerated stiffing in
central arteries in the early adulthood.34 In addition, previous studies have indicated that
significant clinical difference in cardiovascular risks in middle age might originate from a
small difference of PWV in early adulthood.11:35 Our results were in line with several
previous cross-sectional studies performed in middle-aged adults, in which asthma and its
severity were related to a higher risk of elevated arterial stiffness.2123 However, such
associations were inconsistent in children and adolescents.1%:22 Qur findings showing
asthma associated with PWYV indicate that a history of asthma from childhood may
contribute to the acceleration of central arterial stiffness and subsequently increased CV risk.
While our previous findings have suggested an adverse impact of asthma on left ventricular
(LV) mass,2 a structural measure of myocardial vulnerability, the current study provides
incremental evidence of its detrimental impact on impaired vessel function.

In the current study, a history asthma from childhood is independently associated with
higher af-PWV and a greater increase in Aaf-PWV. However, the potential mechanisms
underlying these associations remain unclear. Given the fact that asthmatic patients were
accompanied by elevated levels of inflammatory biomarkers,36-38 as well as increased
arterial stiffness in chronic inflammatory disorders,13.14 the shared pathogenesis of systemic
inflammation could play an important role in linking asthma and arterial stiffness.
Pulmonary function decline in asthmatics might also partly account for this association. Wu
and colleagues®® demonstrated higher brachial-ankle PWV with restrictive spirometry
patterns, a 116% and 95% increase in the risk of arterial stiffness in men and women,
respectively. In addition, medicine for asthma (including oral corticosteroids, short-acting
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agonists, and their combinations) has been reported to increase the risk of incident CV
events and death.#041 Moreover, patients with asthma demonstrate a more sedentary
lifestyle,*2-44 and such unhealthy lifestyle may also adversely affect aortic stiffness.4>-47

Intriguingly, we found the significant interactions of asthma with BMI and SBP on af-PWV
and Aaf-PWV—the associations of a history of asthma from childhood on central arterial
stiffness and its progress in a later life were stronger among young adults who were
overweight and obese, or who had pre-hypertension or hypertension. Supportively, two
longitudinal population-based studies showed similar interactions between asthma and
hypertension on coronary vasospastic angina and peripheral artery disease (p for
interaction=0.062 and 0.142, respectively).48:49 Despite the lack of direct evidence, such
interactions were biologically possible. Considered the most common comorbidities in the
asthmatics,%%-53 both obesity®* and high BP55°6 may worsen the existing risk profiles,
including systematic inflammation,-°1:57:58 |eptin and adiponectin regulation,??-%1 and
vascular trophic factors,52:63 which leads to acceleration of arterial stiffness during the aging
process.

In the current study, the community-based prospective cohort provided us a unique
opportunity to examine the association of a history of asthma from childhood with arterial
stiffness among asymptomatic young adults. Repeated echocardiographic measurements
during a long follow-up period enabled us to evaluate the impact of asthma on the progress
of aortic stiffness over time. The availability of covariate information enabled us to control
for potential confounders and performing interaction analyses. In addition, correction for
multiple testing was adopted in our interaction analyses to reduce type | error. However,
several limitations should be considered. First, data on asthma was self-reported from
questionnaires, rather than physician diagnosed or through clinical records. Second, the
relatively small sample size yielded wide 95% confidence intervals in subgroups. Third,
although a variety of covariates was carefully controlled for in our analyses, residual
confounders remained (e.g., childhood af-PWV at baseline, the severity of asthma and its
medication, pulmonary function, physical activity, excessive alcohol consumption, and diet).
Forth, it would be better to include systemic inflammatory biomarkers at baseline in our
major analyses to elucidate the presumed mechanism between systematic inflammation/
oxidative stress at baseline and increased arterial stiffness in follow-ups.

Perspectives

Our results for the first time provided evidence that a history of asthma from childhood was
significantly associated with higher af-PWV and a greater increase in af-PWV over time in
young adults, independent of traditional CV risk factors. Additionally, such associations
were more prominent among participants who are overweight or with elevated SBP. Our data
underscore the importance for the prevention and control of asthma in pediatric and young
adult population, and the need for lifestyle interventions among asthmatic patients,
especially those with a high BMI or elevated SBP, to mitigate CV complications.
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What Is New?

. A history of asthma from childhood was associated with accelerated aortic
stiffness among asymptomatic young adults, independent of traditional
cardiovascular risk factors.

. The detrimental impact of asthma on aortic stiffness were stronger among
participants who were overweight and obese, or with elevated systolic blood

pressure.

What Is Relevant?

. Elevated systolic blood pressure precedes large-artery stiffening in middle-
aged adults.
. Elevated systemic inflammation, declined pulmonary function, and more

sedentary lifestyle in asthmatic patients may contribute to development and
progression of hypertension.

Summary

A history of asthma from childhood may contribute to accelerated aortic stiffness in
adulthood, and such detrimental impact is stronger in participants who are overweight or
with elevated blood pressure, which underscores the importance of targeted interventions

among asthmatic patients.

Novelty and Significance
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8289 subjects were found with information on
a history of asthma during 1983 to 2007

:[ 6322 were excluded due to loss of follow-up. ]

A 4

1967 subjects have been followed
during 2001 and 2010

‘( 129 were excluded due to loss of records of
i af-PWV measurement.

A

1838 subjects with information on asthma had
measurements of af-PWV

‘r 33 were excluded due to information on
'L asthma collected after af-PWV measured

A

1805 subjects with information on asthma ahead of
follow-up measurements of af-PWV

‘( 59 were excluded who had a physician-
'L diagnosed or self-reported CVD*.

A 4

1746 were included in our primary association
analyses between asthma and af-PWV

( 1312 were excluded due to time interval < 5
years between the first and last
L measurements of af-PWV.

Y
>

434 were included in our secondary association
analyses between asthma and changes in af-PWV

Figure 1. Flowchart of the study sample
af-PWV, aorta-femoral pulse wave velocity; CVD, cardiovascular disease; #, CVD from

baseline to follow-up, including arteritis, angina pectoris, angioplasty, blockage in ventricle,
bypass surgery, congenital heart disease, congestive cardiac failure, enlarged left ventricle,
heart murmur, heart attack, mitral valve prolapse, mitral valve stenosis, stroke,
tachyarrhythmia, ventricular arrhythmia, valve replacement, and unspecified mitral disease.
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Figure 2. Interaction of Asthma with BMI and SBP on aorta-femoral Pulse Wave Velocity and its
longitudinal Changes

Adjusted means and 95% confident intervals of the repeated measurements of aorta-femoral
pulse wave velocity (af-PWV) were calculated using generalized linear mixed models
(GLMM) stratified by BMI (Figure 2a) and SBP (Figure 2c), controlled for age, gender,
race, smoking status, use of antihypertensive medicine, medication for dyslipidemia,
medication for glycaemia, total cholesterol, low-density lipoprotein cholesterol, fasting
glucose, and heart rate as fixed effects, as well as individual ID as random effects.

Adjusted means and 95% confident intervals of the 11-year changes in af-PWV (Aaf-PWV)
were calculated using generalized linear models (GLM) stratified by BMI (Figure 2b) and
SBP (Figure 2d), controlled for age, gender, race, smoking status, use of antihypertensive
medicine, total cholesterol, low-density lipoprotein cholesterol, fasting glucose, and heart
rate.

[ was the regression coefficient of asthma on af-PWV (the left) and its changes (the right) in
stratified BMI and SBP groups in GLMMs or GLMs, followed by its p values for statistical
significance. P values with FDR correction for interaction term were given by including the
interaction term in the GLMMs or GLMs.
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Table 1

Characteristics of the study cohorts by asthma
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Variables Without Asthma (n=1577)  With Asthma (n=169) p#
Baseline”

Age, yrs 29.5 (15.0, 34.0) 22.5(14.0,32.0) <0.01
Female, n (%) 920 (58.3) 97 (57.4) 0.81
Blacks, n (%) 465 (29.5) 65(23.1) 0.02
Follow-up observationsf, n (%) 3606 (91.4) 338 (8.6)
Individuals with # times of follow—upsi, n (%) <0.01

1 time 675 (42.8) 89 (52.7)

2 times 189 (12.0) 22 (13.0)

3 times 299 (19.0) 27 (16.0)

4 times 414 (26.2) 31(18.3)
Follow-up?, years 11.1 (5.5, 13.0) 11.2(31,169) 051
Follow—upf (last measurement)

Age, yrs 37.0(30.0, 43.0) 36.0 (26.0,41.0)  0.02
Current smokers, n (%) 483 (30.6) 46 (27.2) 0.36
BMI, kg/m? 29.3(7.7) 30.8(8.1) 0.02
SBP, mm Hg 115.3 (14.3) 116.0 (13.9) 057
Heart rate, beats per min 70.9 (9.2) 70.7(9.3) 0.75
Total cholesterol, mg/dL 189.2 (39.7) 185.9(38.4) 0.31
Low-density lipoprotein cholesterol, mg/dL 121.9 (34.3) 118.0(31.9) 0.13
Fasting glucose, mg/dL 84.0 (78.0, 92.0) 86.0 (78.0,92.0) 0.47
Medication for high blood pressure, n (%) 207 (13.1) 31(18.3) 0.08
Medication for dyslipidemia, n (%) 87 (5.5) 9(5.3) 1.00
Medication for diabetes, n (%) 57 (3.6) 7(4.1) 0.90

1duosnuey Joyiny
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fContinuous variables were described as either means (standard deviation) if normal distribution satisfied, or medians (Interquartile range) if
normal distribution is unsatisfied.

’tln the follow-ups, 764 participants were with just one-time follow-up measurement, and the rest of 982 participants were with 2 to 4 repeated
follow-up af-PWV measurements, which added up to a total of 3180 observations. The follow-up years were calculated starting from the baseline
questionnaire until the last af-PWV measurement.

Two groups’ characteristics were compared using the Student’s t-test or Kruskal-Wallis test for continuous variables, and chi-square test for
categorical variables.

BMI, body mass index; SBP, systolic blood pressure.

Hypertension. Author manuscript; available in PMC 2019 May 01.



Page 17

Sunetal.

“(s/w)

auljaseq 18 AMd pue ‘(uiw Jad syeaq) ajed Leay ‘(7p/Bw) asoan|B Bunsey ‘(7p/Bw) jols1sajoyd uisosdodi] Ausuap-moy “(p/Bu) 10181810y [2101 ‘(ON/SBA) uUIdIpawW aAIsuaadAyue Jo asn ‘(S1axows JuaLInd
-UOU/SIOWS JUaLINJ) snyels Burjows ‘(a1ymoe|q) aded ‘(afewsay/ajew) Japuab ‘(SIA) stuawainseaw AMd-Je 1Se| 8yl pue 1s1) 8yl Usamiaq awil [eAsaiul ‘(siA) abe 1oy pajjoiuod ‘(z0oy=u) ewyise INOYImM
10 (zg=u) ewyise yum syuedidiued ul (A7) |apow Jeaul| pazijesausb e pasn T [9pOIA (S TT=UeIpaw) sJeak T°9T 01 0'G WoJj pabuel sem Juswainseaw AMd ISe] PUe 1Sily 8yl UsamIaq [eAlaiul swly ay L

7

'S199)J9 WOopUEJ Se | [eNPIAIPUL SB [JaM Se ‘s108)48 pax1y se (ulw Jad syeaq) ayes 1eay pue ‘(p/Bw) asoon|b Bunsey ‘(p/Bw) jo1s1saj0yd uisoidodi|
Aisuap-mo| ‘(p/Bu) j01a153]10Y9 [€10] ‘(ON/SSA) IWBIAID J0s uoneaIpaw ‘(ON/SBA) elwapldijsAp Jo) uoedlpawl ‘(ON/SSA) auldIpaw aAlsusliadAynue Jo asn ‘(SIa)0Ws JUaLINI-UOU/SIaNOWS JUaJInd) sniels
Burjows ‘(anymyoe|q) aded ‘(ajewsay/erew) Japuab ‘(s1A) abe 1oy pa)jonuod ‘(2/GT=U) BWYISE INOYIM J0 (69T=U) ewyise yum sjuedionted ul (ININTO) [9pow paxiw Jeaul] pazijedauab e pasn T |9poN

i

"aInssald poojq o1101sAS ‘dgs ‘xapul ssew Apoq ‘|G ‘A119019A anem as|nd [eioway-elioe ul sabueyo [euipniibuo] ‘AMd-1ev ‘A1190jaA anem as|nd [eIows)-eroe ‘AMd-1e

v00 (88°9T'TT'T) 668 (£9'8'cLg-) g6z IWE+dES+ 4T [FPON
v00 (€89T'sTT)66'8  (09'8 '022-) S6'C INE +£T [PPON
v00 (0697 ‘22 1) 906 (298 '19'2-) 86'C dgS + 4T 13POA
€00 (zz91'282) 256 (11'8'16'0-) 09°E 27 19PON
S/W 4 AMd-Jev
s00 (292'66'5)8.9  (zL9'sgs)erg W8 +dES+,TISPON
500 (.52'68'6)€L9 (899 °'8¥'S) 809 ING + /T 13PON
v0'0  (0L°2'v0'9) 289  (81'9°09'G) 6T9 das +, T I19PON
v0'0  (€£°2'909)68'9 (629 ‘19°G) 029 4T 19PON
S/W AMd-Je
d BWILISY UM BLILISY INOUIAN S|IPON  $3WO0AINO

ewiyise Aq sabueyd su pue A1190]oA anem asind |eiows)-euioe Jo (1D %G6) suesw paisnipy

¢ 9lqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Hypertension. Author manuscript; available in PMC 2019 May 01.



Page 18

Sunetal.

#T9€°0

#1020

#6200

#100°0>

+EL€°0

40600

45L0°0

40620

4100°0>

(827 '15°€-) €9°0
(Tree‘zLo)1eer

(66'6Z '€0'7) TO'LT
(09°GT '6L°G-) T6'F

(5282 '¥8'S) S0°LT
(289 'TZe-) 18T

(LO€T 'S'ET-) 6T°0-

(€9 '6ve-) 2r'T
(2211 '65°2) 06'6

(TeL'TT0) TLE
(TL'6v ‘vL°0-) 8742

(zo9z ‘T1-) Tr'eT
(€021 'e6'2-) 0T

(62°0T ‘v'2) 9€°9
(90°6T ‘2T°€) TT'TT

(TT6'STT) €T'S
(€502 '20'2) 82'TT

(z62'LTT)¥0T
(6921 '92°5-) 19°€

(ez'z1 'svv-) 68
(L9ZT'eev-) LTV

(16'8'99'2-) €T°€
(sTeZTTETe

(86°'L '220) OT'¥

(L2€'08°0) 622
(855 '9¥°0) 20°€

(Lzs'ee0-) Lre

(8922 '91°L-) ¥2'0T

(€€°0T '€V’ TT-) S5°0—

(Se0T ‘66'2-) 89°€

(S0°L'96°T) 1S¥
(¥€'S '9%°0) 06°C

(ST'S‘¥8°0)66'C
(¥T'9'87°0-) €8'C

#8900

£8ET0

#2000

£L00°0

#€0£0

47000

€120

41860

/6120

(882 ‘v8'7) 9€°9
(80'8'20'9) 202

(8€°0T '¥9°2) T0'6
(€59 '12v) OF'S

(92'8'sT'9) T2
(188 '8€'9) 09°2
(296 'v9°0) 9T'S

(56'6 '22'9) 80'8
(86'9 '29'9) €€'9

(58'9 ‘ev'9) ¥T°9
(8e0T ‘22°9) 28'L

(92'8°0L'S) 86'9
(z8'2'09'9) 129

(1e'8'62'9) €€
(€92 ‘2€'9) 069

(96°2 '56'S) 56'9
(ze'8 '69'7) 059

(ev'L '19°9) 259
(12'9'12°9) 66'G

(292 '88'S) 619
(€5'9'2°7) ¥9°S

(202 '59°9) v€'9
(L9°2'6L°9) €L9
(256 'L2'T) 6€'S

(08'2'09'G) 029
(87'9 '9¥°S) L6°S

(99'9'89°6) LT'9
(95°2 '€9°€) 65°S

(LL9's8'7) 18'S
(v2'L'sL8) 679

(sv'2 '68°9) £99
(€99 ‘€0°9) €8'S

(ov'2'209) vL°9
(68'9'98°¢) L£'G

qp/Bw *0-1an
0022
002>

p/Bw ‘|0123s3]0Y2 [E}OL

0¢1<
0cT>

BH ww 'dgs

Wb ‘Ing
0.2

wysyeaq ‘aley MeaH
ON
SOA

Buyows N
alewsa4
3leN

1apuag
sxoe|g
SaUYM

aoey
Ge<
Ge>

SIA ‘aby

uoioeIul S0y ¥y

(ze=u) BWYISY YUM

(zop=u) eWYISY INOYUM

(12 %56) S/W "y AMd-Jev

uonoeJlul a0y a4y

(62T=U) BWYISY YUM

(0L£T=U) BWILISY INOYNM

(1D 9%56) s/w ' AMd-Je

sdnoabgns

saleLIeA0d pue salydeiBowsap 01 Buipiodae ewyise Ag sabueyd sii pue A1190[8A anem as|nd [eJowaj-elioe Jo (1D %SG6) Sueaw paisnipy

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Hypertension. Author manuscript; available in PMC 2019 May 01.



Page 19

Sunetal.

'SINTTO 8yl Ul papn|oul Sem 81e1ienod 0) Buipiodde pue BulylSe JO WIs) UoideIaiul ay | "(S/w) auljaseq e AMd pue ‘(uiw Jad syeaq) ares Leay ‘(Ip
/6w) asoon|b Bunsey ‘(p/Bw) jo11sajoyo utsloadodi| Aisuap-mo| ‘(p/B) 10481S310Y9 €101 ‘(ON/SBA) BUIdIpaw aAIsUaLIadAYIUE JO 8N ‘(SIXOWS JULINI-UOU/SIBYOWS JUaLINd) sniels Buijows ‘(auymyoe|q)
aoel ‘(arewsay/arew) Japuab ‘(s1A) porrad dn-mojjoy ‘(sIA) abe 1oy 1snlpe 01 pasn aiam (N T9) S|apoW Jeaul| pazifelauss) ‘ajelienod Yyaes Jo sdnolb Juaiayip 01 Buipiodoe pawiogiad sem sisAjeue umc:m:w%

*S9|BLIEA SNONUIIUOD SE S31BLIBA0D 8} PUR BLIYISE Yiog BuLIBpISU0D ‘UBAID 818 S[3poW INTO/ININTD Yoes Ul WS} UONIRIBIUI BU) JO UOIID8II00 YA UMM SanjeA n_u

‘Sa|qelIeA Aleulq Se Sa1eLIeA0 aU) pue eLuyiSse Ulog BulIapISuod ‘UsAIfb a1am S|apowl INTO/ININTO Ydes Ul W) UoideIsul 8y} JO UOIa1I09 YA UM Sanjen n_aN

‘SININTO 83U} Ul papn|aul Sem 8JeLIeA0d

01 BuIp10d2. puR BLIYISE JO WIS) UOIJRISIUI 8y "S1J8448 WOopuel se (| [enpIAIPUI Se |[aM Se ‘S10ayla pax1y se (ulw Jad syeaq) ajed Leay pue ‘(p/Bw) asoan|b Bunsey ‘(7p/bw) jola1ssjoyd uisoidodi] Ansuap

-mo| ‘(T1p/Bw) 0J21s8]10YD [B101 ‘(ON/SBA) BIWSIAID 10} uomeaIpaw ‘(0N/SaA) elwapidijsAp Joj uolrealpaw ‘(ON/SSA) aUIdIpaw aAIsuaLadAyIIUR JO asn ‘(SI930WS JUaLINI-UOU/SIBOWS JUaLInd) sniels Buiows
‘(amymyioe|q) aoed ‘(areway/arew) Japuab ‘(siA) abe Joy 1snlpe 01 pasn atam (ININTD) S|oPOW paxIiw Jeaul| pazijeJauas) a1elienod yoes Jo sdnoib jualayip 01 Buiploode pawloyiad sem sisAjeue paiyieis

¥

*[eAIBIUI BOUBPIIUOD 9456 ‘IO %S6 :]0481S80Yd
uiaoidodi] Ausuap-mo| ‘Q-1a ‘eanssaid poojq 1j0IsAS ‘dgs ‘xapul ssew Apog ‘IING ‘A1190]9A anem as|nd [eiowaj-elioe ul sabueyd feuipniibuol ‘AMd-1eV ‘A1190]8aA anem asind [elowsay-elLioe ‘AMd-Je

(08°€€ '6€°52-) 0¥ (98°97 '06°0T-) 86'C (59°0T '88'S) 92'8 (89'8°15'9) £9°2 00T=
(Sr1T'82T-) €28 (€6 '€2'6-) S0 (592 'sT'9) 079 (969 ‘€L'v) ¥8'S 00T>
#7180 #9920 p/Bw ‘as09n|6 Bunse
(18'5 '69'5-) 90°0 (60'G'T7°0) S22 (rLL'vSY) ¥T°9 (621 'v8'9) 189 0€1=
(1582 '81°G-) L9'TT (v2°02 ‘0L°6-) 29°S (€0'8'80°9) 90°L (959 ‘sT'9) 68'S 0ET>
(ze=u) ewyisy yupn  (Z0op=U) BWILISY INOYHAA (6zT=U) WIYISY YUM  (0LET=U) BWUYISY INOYHAA
uonoeJalul oy dd4y - uo13oeIaUI J0) ¥ddy i sdnoibgns
(12 %56) s/W "y AMd-Jev (12 %56) s/ *_AMd-Je

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2019 May 01.

n. Author manuscript;

€11510i

Hypert



	Abstract
	Introduction
	Methods
	Study Participants and Data Source
	History of Asthma
	Assessment of Aorta-femoral Pulse Wave Velocity
	Assessment of Covariates
	Statistical Analyses

	Results
	Discussion
	Perspectives

	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

