MEDIC.
SCIEN (R

L

MONITOR

Received: 2018.12.30
Accepted: 2019.03.21
Published: 2019.07.15

Authors’ Contribution: ABCDEF 1,2

Study Design A BCD 1.2
Data Collection B ’

Statistical Analysis C BCEF 3
Data Interpretation D CDFG 1,2
Manuscript Preparation E BD 1.2
Literature Search F ’
Funds Collection G DE 1,2
BD 1,2

B3

BCD 3

BC 4

CF 4

AEFG 2

Corresponding Authors:
Source of support:

CLINICAL RESEARCH

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 5241-5257
DOI: 10.12659/MSM.914881

Association Between Body Mass Index (BMI) and
Brachial-Ankle Pulse Wave Velocity (baPWV) in
Males with Hypertension: A Community-Based
Cross-Section Study in North China

Jianhuan H uang 1 Shantou University Medical College, Shantou, Guangdong, P.R. China
Zekai Chen 2 Department of Cardiology, Second Affiliated Hospital of Shantou University

J. h Y Medical College, Shantou, Guangdong, P.R. China
inhuan Yuan 3 North China University of Science and Technology, Tangshan, Hebei, P.R. China

Changyl Zhang 4 Department of Cardiology, Kailuan Hospital, Hebei United University, Tangshan,
Haojia Chen Hebei, PR. China
Weigiang Wu

Zhichao Chen
Yingchi Liu
Mengyi Zheng
Shuohua Chen
Shouling Wu
Youren Chen

Shouling Wu, e-mail: drwusl@163.com and Youren Chen e-mail: 13902779840@139.com
National Natural Science Foundation of China (N0.81870312) and Medical Science and Technology Research Foundation of
Guangdong Province (No. A2017187)

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The aim of this study was to investigate the association between body mass index (BMI) and brachial-ankle
pulse wave velocity (baPWV) in hypertensive males.

Altogether, 14 866 male hypertensive participants were included in the analysis. Participants were divided into
3 groups: low BMI group (BMI <24 kg/m?), moderate BMI group (24 kg/m? <BMI <28 kg/m?), and high BMI
group (BMI >28 kg/m?). According to baPWV values, arteriosclerosis (AS) was set as 3 degrees: mild AS (baPWV
>1400 cm/s), moderate AS (baPWV >1700 cm/s) and severe AS (baPWV >2000 cm/s). Multivariate logistic re-
gression analysis was used to explore the effect of different BMI groups on different degrees of AS. The mul-
tivariate linear regression analysis was used to explore the relationship between BMI and baPWV.

Among low BMI, moderate BMI, and high BMI groups, the average baPWV values were 1824+401 cm/s,
17584363 cm/s, and 1686+341 cm/s, respectively. Prevalence in the mild, moderate and high BMI groups
were 91.0%, 87.8%, 81.5%, respectively for mild AS; 55.3%, 48.8%, and 40.0% respectively for moderate AS;
and 25.9%, 20.2%, and 14.9% respectively for severe AS. Compared to the low BMI group, multivariate logis-
tic regression analysis showed that odds ratio (OR) and 95% confidence intervals (95%Cl) in the moderate BMI
group and the high BMI were 0.71 (95%Cl, 0.62-0.80), 0.43 (95%Cl, 0.38-0.50) for mild AS; and similar trends
were shown for moderate AS and severe AS. Based on age-stratification, a negative relationship remained for
35-55 years old participants for different degrees of AS among the moderate BMI group and the high BMI
group. A negative relationship was detected between BMI and baPWV in total and different age-stages.
Among male hypertension participants in this study, there was a negative relationship between BMI and baPWV.
High BMI was found to be a protective factor for AS especially in the age range of 35-55 years.
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Background

BaPWV (brachial-ankle pulse wave velocity), considered as an
indicator in assessing the degree of arteriosclerosis, has been
proven to be closely related to multiple systematic dysfunc-
tions and has been gradually adopted as an epidemiological
investigation method [1,2].

Recent studies have shown that many factors contribute to in-
creased baPWV, including age, gender, and blood pressure [3].
Accelerating vascular aging is an inevitable influence with ac-
cumulative characteristics [4].

A study by Ciccone et al. showed that there is a notable dif-
ferent on the markers of arteriosclerosis (AS) between males
and females [5]. A positive relationship between systolic blood
pressure and baPWV has also been reported [6]. Wang et al. [7]
found that the hypertensive patients had a 13.51 times risk on
developing AS compared with the non-hypertensive patients
(95%Cl: 10.87-16.78; P<0.001). Hypertension is often accom-
panied with overweight or obesity. A 2018 study showed that
patients who were overweight or obese represented a large
part of their study population that had hypertension [8]. Thus,
the impact that moderate body mass index (BMI) and obesity
have on hypertensive patients needs further study.

BMI is one of the main measures for general obesity, and is
commonly used in clinical assessment and screenings. However,
researches on the association between BMI and baPWV among
hypertensive patients have not shown consistent results; stud-
ies have reported an insignificant relationship [9], positive rela-
tionship [10], or negative relationship [11,12]. Possible reasons
for these conflicts might be study limitations of small sample
size or different origins of the study population. Hence, this
paper aimed to investigate the relationship between these
factors among a group of male hypertensive patients, drawn
from the Kailuan Cohort Study (registration number ChiCTR-
TNC-11001489) [13].

Material and Methods

Study population

The Kailuan study is a study based on a community population
in Tangshan, a city in north China. The study’s major focus was
on the prevalence of cardiovascular events. The study enrolled
10 1510 participants from 11 hospitals in the Kailuan commu-
nity and continually carried out biennially questionnaire as-
sessments, clinical examinations, and laboratory tests among
the participants. A measurement of baPWV for a subgroup of
participants was added in 2010 [14].
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Our study enrolled participants from the Kailuan study that
had complete the measurement of baPWV from March 1,
2010 to March 31, 2018 (n=43 898). We excluded 1120 par-
ticipants with incomplete statistics for baPWV, and excluded
1431 participants without BMI measurements. We excluded fe-
male participants. Our final study population included 14 866
male participants that meeting the diagnostic criteria of hy-
pertension [15].

This study complied with the Declaration of Helsinki and was
approved by the Ethics Committee of Kailuan General Hospital
(January 5, 2006); consent from each participant was obtained.

Data collection

Data for participants included baPWV values, clinical exami-
nations, laboratory tests, and questionnaire assessments [16].

For baPWV values we used a BP-203 RPE Il networked AS
detection device (Omron Health Medical Co., Ltd., China).
Participants underwent baPWV measurement after at least
5 minutes of rest in the supine position. Coffee, tea, cigarette
use, or alcohol use were not allowed for 30 minutes before
the test. Blood pressure cuffs were wrapped on both arms and
ankles. The lower edge of the arm cuff was positioned 2-3 cm
above the cubital fossa transverse striation, while the lower
edge of the ankle cuff was positioned 1-2 cm above the me-
dial malleolus. The heart beat monitor was placed on the left
edge of the sternum, and electrocardiogram electrodes value
directly. The methodology for baPWV measurement remained
the same for all participants.

Clinical measurements followed the standard recommended
procedures. Height, weight, and waist circumference (WC) were
measured to an accuracy of 0.1 cm. BMI was defined as weight/
height squared, (kg/m?). After a 15-minute rest, participants
were asked to sit at the table with their upper arms exposed
and placed at the heart level. Cuff was wrapped on the upper
arms; the chest piece of the stethoscope was placed on the il-
iac artery at the elbow. Then inflating the cuff and auscultat-
ing the pulsation of brachial artery continuously; stop inflat-
ing the cuff when the pulsation disappeared and the column
reached 20 to 30 mmHg additionally. Then deflating the cuff
slowly and continuously auscultating the pulsation. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP) lev-
els were determined by Korotkoff ‘s first tone and Korotkoff ‘s
fifth tone. The BP was measured twice by standardized mer-
cury sphygmomanometers. If a difference of 5 mmHg or more
was showed between SBP or DBP, a third measurement was
done. We took the average readings of the measurement for
further analysis.
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Laboratory tests were done at the central laboratory of the
Kailuan General Hospital. Before the day of the laboratory
test, participants were asked to suspend eating after 19: 00
o’clock. Serum blood samples were collected by nurses and
put into EDTA tubes. The samples were tested by an auto-
analyzer (Hitachi 7600; Tokyo, Japan). The tests included:
serum creatinine (SCr), fasting plasma glucose (FBG), and tri-
glyceride (TG). Scr was measured by the Jaffe’s assay and
FBG was measured by the hexokinase method (BioSino
Bio-Technology & Science Inc., China). H12-MA Test Strip
(Changchun Dirui Medical Technology Co., Ltd. Changchun,
China) was used to evaluate urine protein.

Questionnaires were completed by doctors and included ba-
sic information (e.g., name, sex, age), lifestyle habits (e.g., salt
consumption, smoking status, physical activity, alcohol con-
sumption), and drug-taking history (e.g., use of anti-hyperten-
sive medications, usage of anti-diabetic medications, use of
anti-dyslipidemia medications) were included.

Hypertension definition

The definition of hypertension was based on the 2010
Chinese guidelines for the management of hypertension [15].
Hypertension was defined as elevated BP (SBP >140 mmHg
or DBP >90 mmHg) or patient underwent antihypertensive-
medication therapy.

Arteriosclerosis (AS)

The definition of arteriosclerosis (AS) and different degrees
of AS was based on previous reports [17-19]; baPWV has
been proven to be a good indicator on reflecting the progress
of AS. According to the value of baPWV, we stratified 3 degree
of AS: mild AS if baPWV >1400 cm/s; moderate AS if baPWV
>1700 cm/s; and severe AS if baPWV >2000 cm/s.

BMI

Different BMI groups was based on the Cooperative Meta-
analysis Group of China Obesity Task Force report [20]. Then
according to BMI, participants were divided into 3 groups: low
BMI group if BMI <24 kg/m? moderate BMI if BMI <24 kg/m?
and <28 kg/m?* and high BMI group if BMI 228 kg/m>.

Age-stage

The definition of different age-stages was according to the age
when the participant underwent the baPWV measurement.
Participants were divided into 6 age groups: 18 to 34 years
old, 35 to 44 years old, 45 to 54 years old, 55 to 64 years old,
65 to 74 years old, and 75-years old.

CLINICAL RESEARCH

Other study variables

Based on the questionnaire assessments of Kailuan Study, sev-
eral variables are also defined. Smoking was defined as self-
reported history of smoking >1 year. Salt consumption was
self-reported according to salt preferences and was classified
by 3 into 3 groups: “low” (<6 g/day), “medium” (6-10 g/day),
or “high” (>10 g/day). High degree of salt consumption was in-
cluded as a variable in this study. In a random sample of 1000
participants, 24-hour natriuresis was measured to determine
the correlation with self-reported use of salt. The correlation
was high (r=0.78), indicating that self-reported use of salt was
associated with actual salt intake in this study [21,22].

For educational variable, an educational background was con-
sidered as high school or above. For consumption (drinking)
of alcohol, self-reported as a current drinking or not was used
as the variable. For exercise, self-report of up to 30 minutes of
physical activity for more than twice a week was used.

Analysis methods

Data on baseline and comparisons were calculated for the
3 BMI groups. For normal distribution data, continuous variables
were presented as mean + standard deviation and tested by
the Student’s t-test. For non-normal distribution data, contin-
uous variables were presented as median (quartile) and tested
by non-parametric test. Categorical variables were presented
as number (percentage) and compared by chi-squared tests.

The multivariate logistic regression model was used to analyze
the effect of different BMI groups on different degrees of arte-
riosclerosis. The low BMI group was set as the reference group.
Analysis was done to assess the OR between the moderate
BMI group/high BMI group and the reference group. Besides,
BMI was set as independent variable and baPWV was set as
a dependent variable. Multivariate linear regression model was
used to analyze the relationship between BMI and baPWV.

The aforementioned analyses were done for total participants and
for different age-stages. For total participants, 2 models were used
(model 1 and model 2). In model 1, no variables were adjusted
for; in model 2, age, sex, MAP, heart rates, smoking, alcohol con-
sumption, salt intake, exercise, diabetes mellitus, dyslipidemia,
antihypertensive medication, anti-diabetic medication and anti-
dyslipidemia medication were adjusted for based on model 1.

For different age-stages, 2 models were used (model 3 and
model 4). In model 3, no variables were adjusted for; in model 4,
MAP, heart rates, smoking status, alcohol consumption, salt
intake, exercise, diabetes mellitus, dyslipidemia, antihyperten-
sive medication, anti-diabetic medication and anti-dyslipidemia
medication were adjusted for based on model 3.
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43898 participants who underwent
the baPWV measurement in Kailuan study (2010.03.01~2018.03.31)

Exclude 1140 participants without
complete baPWV cvlues

42758 participants with
complete baPWV values

Exclude 1431 participants without
BMI data

41347 with complete baPWV
value and BMI data

Meeting the diagnostic criteria of
hypertension

14866 male hypertensive participants were finally included in the
current analysis

Figure 1. Flow diagram of the participants selection in the
current analysis.

The aforementioned analyses were done by a statistical soft-
ware: SPSS System version 13.0 (SPSS Inc, Chicago, IL, USA)

Results

Baseline characteristics of study population

The detailed approach for participant selection is shown in
Figure 1. Overall 14 866 male participants with hyperten-
sion were included. The mean age of the participants was
53.53+11.89 years. Table 1 presented the baseline variables of
the total participants. In general, a significant difference was
observed between different BMI groups for almost all the char-
acteristics except for total cholesterol (TC) (P=0.040), waist-
hip ratio (P=0.065), heart rate (P=0.585), alcohol consumption
(drinking) (P=0.269), exercise (P=0.219). As for baPWV values,
a descending trend was detected among the 3 groups: low BMI,
moderate BMI, and high BMI groups (1824+401 cm/s versus
17584363 cm/s versus 1686+341 cm/s, P<0.001).

Stratification of age: waist and hip circumference, SBP, MAP, and
dyslipidemia showed a notable significant difference among the
3 BMI groups (P<0.001). It also showed that the average value
of baPWV increased along with aging (Supplementary Table 1).

Prevalence of AS

For total participants, the average baPWV value was 1759+372;
and 87.2% of the participants were regarded as having mild AS,
48.5% as having moderate AS, and 20.5% as having severe AS.
A significant difference was found in the prevalence of AS
among the 3 BMI groups (Tables 1, 2).

Doe age-stratification, the prevalence of AS showed a descend-
ing trend among the low BMI group, the moderate BMI group,
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and the high BMI group, especially in mild AS during 18-34
years of age, 35-44 years of age, and the 45-54 years of age
stages. For moderate AS showed a descending trend during
35-44 years of age, and the 45-54 years of age stages and
for severe AS during 45-54 years of age and 55-64 years of
age stages (P<0.001) (Supplementary Table 2).

BMI groups arteriosclerosis: multiple logistic regression
analysis

Logistic regression analysis for total participants showed
that compared with the low BMI group, the odds ratio (OR)
and 95% confidence interval (95%Cl) of moderate BMI group
and high BMI group were 0.71 (95%C: 0.62-0.80) and 0.43
(95%Cl: 0.38-0.50) for mild AS; 0.77 (95%Cl: 0.71-0.83) and
0.54 (95%Cl: 0.49-0.59) for moderate AS; and 0.73 (95%Cl:
0.66-0.79) and 0.50 (95%Cl: 0.45-0.56) for severe AS, respec-
tively (P<0.001) (Table 3, model 1). A similar tendency was
found when adjusted for age, MAP, heart rates, smoking his-
tory, alcohol consumption, exercise, diabetes mellitus, dyslip-
idemia, antihypertensive medication, anti-diabetic medication
and anti-dyslipidemia medication (Table 3, model 2).

For age-stratification and arteriosclerosis, we found significant
differences among all 3 BMI groups during the age groups of
35-44 years and 45-54 years (Supplementary Table 3, model 4).

BMI and baPWV: Multiple linear regression analysis

For total participants, we found a negative relationship be-
tween BMI and baPWV (3=—-0.148, P<0.001). After adjusting
for multiple variables, the negative relationship still existed
(=—0.117, P<0.001) (Table 4).

For age stratification, a negative relationship was detected be-

tween BMI and baPWV (Supplementary Table 4).

Discussion

Based on a cross-section study of 14866 hypertensive partic-
ipants, this study found that baPWV >1400 cm/s was univer-
sal in hypertensive participants, with a prevalence of 87.2%.
It was nearly the same as research by Zhang et al. [23] and
Gu et al. [24], although the studies were based on different
size of sample. In addition, almost half of the hypertensive
participants in our study were considered in one study to be
at risk of moderate arteriosclerosis, which has been consid-
ered to be an independent factor in indicating the relapse of
cardiovascular diseases (CVD) as well as an irreversible prog-
ress of AS [25]. About one fifth of the hypertensive partici-
pants were at risk of severe AS and this group of participants
needs greater attention.
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Table 1. Baseline characteristics of the total participants according to different BMI groups.

Variables Low BMI Moderate BMI High BMI Total P

Age(years) 54.76+12.30 53.92+11.42 51.29+12.05 53.53+11.89 <0.001

N M3 (78) 7205 @485) 3527 (237) 14866 (1000) w0oo1
CBMIkg/m 22206148 2591s116  3036:234 25934331 w0oo1
CWaist(em) 8681829  9265:799  10006:993 92801979 w001
CbaPWV(em/) 18241401 17584363 1686:341 17594372 w0oo1
CHplm)  9236:829 98264857  1055849.60 9836935 w0oo1
CweR 095:012  095:0.11  095:011  095:011 0065
seP(mmHg) 14996:1830 1499841875 15185:19.82 1504241890 <0001
DBP(mmH®)  9214r1141  9291s1191  9347+1184 928341176 <0001
AP (mmH®) 1114141080 111941121 11293:1193  11202£1129 <0001
CWRGpm) 773211546  7561%1503  7582£1361 761441485 0585
6 Gomoly 173:238 2108270 243:227 2088253 woo1
CEBG(mmol) 6174247 6371265  643:230 6331252 o001
CHDLC (mmob) 1526060 1395074  132:104 1415041 w0oo1
CDLC(mmol) 2774124 2844105 287+119  283s114 woo1
Csua@moy 3207249599  34046199.09 359.90410273 33958£10011 <0001
CTC@mmo)  S19¢136 5234106 525:104 5224115 | 0040
Csance] 43 (107) 787 (109 501 (142) 1731 (116) w0001
CSmokingln el 2052 (496) 3259 (452) 1584 (449) 6895 (464) | 0001
ikl 27 (103) 738 (102) 39 (12) 1561 (105) 0269
CEducationn 8] 698 (169) 1331 (185 777 (220) 2806 (189) 0001
CBercselneo] 517 (125 965 (134) 43 (124) 1918 (129) | 0219
Coyslipidimiafn ] 1413 (342) 3222 (447) 1919 (544) 6554 (441) woo1
Diabetes mellitus [n (6] 861 (208) 1738 (41) 931 (264) 3533 (238) w0001
 Anti-diabetic Medication[n (9] 02 (73) 611 (85 282 (80) 1195 (80) | 0086
| Anti-dyslipidemia medication[n %)) 40 (10) 114 (L) 77 (2 231 (155 woo1
 Antihypertensive medication [n (%)] 1864 (45.0) 3690 (512) 1911 (542) 7465 (502 0001

BMI — mody mass index; low BMI — BMI <24 kg/m?; moderate BMI — 24kg/m? <BMI <28kg/m?* high BMI — BMI 228 kg/m?;

baPWV - branchial-ankle pulse wave velocity; WHR — waist-hip ratio; SBP — systolic blood pressure; DBP — diastolic blood pressure;
MAP — mean artery pressure; bpm: beats per minute; TG — triglyceride; FBG — fasting blood-glucose; HDL-C — high density
lipid-cholesterol; LDL-C — low density lipid-cholesterol; SUA — serum uric acid; TC — total cholesterol.

According to the results of our analysis, the average value of
baPWV in the high BMI group was 16864341 cm/s. This find-
ing was almost the same as reported in the Liu et al. study [26].
However, the value of baPWV in the low BMI or the moder-
ate BMI group was notable higher than that reported in the
Liu et al. study. One factor that might contribute to the study

differences is the origin of study participants. The Liu et al.
study was based on 699 male hypertensive patients who were
hospitalization or had other complications. The Shen et al.
study [27] showed that cfPWV of BMI >24 kg/m? was signifi-
cantly lower than BMI <24 kg/m? based on 672 hypertensive
patients. A similar tendency of prevalence of AS was also found
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Table 2. Prevalence of different degrees of arteriosclerosis according to different BMI groups.

Variables Mild AS Moderate AS Severe AS
Low BMI(n=4134) 3764 (91.0) 2286 (55.3) 1069 (25.9)
 Moderate BMI (n=7205) 6325 (878) 3517 (488 1455 202)
HighBMI (n=3527) 2273 815 1412 @00) 526 (149
CTotal (n-14866) 12962 (672 7215 @85) 3050 205
e N «wool woo1

AS - arteriosclerosis; baPWV — brachial-ankle pulse wave velocity; different degrees of AS: Mild AS (BaPWV >1400 cm/s); Moderate AS
(BaPWV >1700cm/s); Severe AS: (BaPWV >2000 cm/s); BMI — body mass index; Low BMI — BMI <24 kg/m?; Moderate BMI — 24 kg/m?
<BMI <28 kg/m? High BMI — BM| >28kg/m?.

Table 3. The multivariate logistic regression analysis between different BMI groups and different levels of arteriosclerosis.

Mild AS Moderate AS Severe AS

Variables

Low BMI (n=4134) 1 1 1
Model 1 (Mn:‘;‘;g";)e BMI 071 (0.62-0.80)  <0.001  0.77 (0.71-0.83)  <0.001  0.73 (0.66-0.79)  <0.001
High BMI(n=3527) 043 (038-0.50)  <0.001  0.54(0.49-0.59)  <0.001  0.50 (045-056)  <0.001
""""""""""" lowBMI (=413 1 1
Model 2 nggg"g" BMI 0.66 (0.56-0.78)  <0.001 072 (0.65-0.80)  <0.001  0.67 (0.59-0.75)  <0.001

High BMI (n=3527) 0.44 (0.37-0.52) <0.001 0.51 (0.45-0.59) <0.001 0.46 (0.40-0.54) <0.001

BMI — body mass index; Low BMI = BMI <24 kg/m? Moderate BMI — 24 kg/m? <BMI <28 kg/m?; High BMI — BMI 228 kg/m?;

baPWV - brachial-ankle pulse wave velocity; AS — arteriosclerosis; different levels of AS: Mild AS (baPWV >1400 cm/s); Moderate AS
(baPWV >1700 cm/s); Severe AS (baPWV >2000 cm/s); different levels of AS were set as dependent variable, (Mild AS was set as 1 and
non-mild AS was set as 0; Moderate AS was set as 1 and non-moderate AS was set as 0; Severe AS was set as 1 and non-severe AS
was set as 0; different BMI groups were set as independent variable; Model 1 — no founding factors were adjusted for;

Model 2 - adjusting for age, MAP — heart rates, smoke, drink, exercise, diabetes mellitus, dyslipidimia, antihypertensive medication,
anti-diabetic medication, anti-dyslipidemia medication based on model 1.

Table 4. The multivariate linear regression analyses between BMI and baPWV.

Variables Entered variable B t P
BaPWV
© Modell B 0148 18200 <0001
© Model2 B o117 1533 <0001

BMI — body mass index; baPWV — brachial-ankle pulse wave velocity; baPWV was set as dependent variable, BMI was set as
independent variable ; Model 1: No founding factors were adjusted for; Model 2: Adjusting for age, MAP, heart rates, smoke, drink,
exercise, diabetes mellitus, dyslipidimia, antihypertensive medication, anti-diabetic medication, anti-dyslipidemia medication based on

model 1.
among our 3 groups. The Liu et al. study also showed a sim- in the total study populations [29-32]. We consider it a typical
ilar outcome among a group of participants with type 2 dia- characteristic in the hypertensive group in our study. However,

betes mellitus [28]. While this has not been found in studies this needs further, multi-regional and larger sample studies to
among the participants with hyperlipidemia, hyperuricemia, or  validate these findings.
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According to our multivariate logistic regression analysis,
we found that the moderate BMI group and the high BMI group
showed lower risk of AS even when adjusted for age, sex, and
other confounding factors. Compared with the low BMI group,
the moderate BMI group and the high BMI group had 34% and
56% reduction of risk for mild AS, respectively. Similar trends
were found among other degrees of AS. According to the mul-
tivariate linear regression analysis of the total participants,
a negative relationship was found between BMI and baPWV.
Result of age-stratification showed no different on prevalence
of mild AS among the 3 BMI groups after the age of 55 years
old. Also, the protective effect of higher BMI existed until 65
years of age (the moderate BMI group for moderate AS) and
75 years of age (the high BMI group for severe AS). We con-
sidered higher BMI as a protective factor at early stages of life
among male hypertensive population. And its protective func-
tion might delay the progression to severe AS. The protective
function might last for several years. However, low BMI was
shown to be a protective factor in high baPWV among a health
population in previous studies as discussed. There are several
reasons that might account for these different study results.

1) For high BMI, as a major manifestations of obesity, hyper-
emia and the widening diameter of renal arteries can main-
tain the high perfusion of the kidney. It can relieve the ex-
cessive activation of renin-angiotensin-aldosterone system
(RAAS) partly, which has been proven to be the most im-
portant mechanisms leading to hypertension. And it com-
pensates the stiffness that hypertension causes [33,34].

2) High BMI populations have an increase in lipocytes and mast
cells, originating from excessive adipose tissue. Lipocytes se-
cret enough leptin to antagonize the arterial lesion by re-
active-oxygen-species (ROS) and other harmful cytokines.

While increasing secretion of cyclo-oxygen-ase (COX) and
endothelin by mast cell damages endothelium continuously.
And these factors regulate the function of the vessels at an
early stage. However, secretion of leptin has been found as
a downward trend over time and harmful cytokines an up-
ward trend as its accumulative effect in the human body.
When aging or under attack by diseases, the balance is de-
stroyed and accelerates the progression of AS [35,36]. This
is an irreversible progression toward AS. Actually, further
studies are needed to explore the phenomena.

3) According to the study of Wang et al. [8], there is a rising
prevalence of hypertension among the young as well as
a rise in the accompanied incidence of obesity and meta-
bolic syndrome. In our study, the ages of the moderate BMI
group and high BMI group were lower the ages of the low
BMI group, while the BMI value was conversed. This indicated
to us that hypertension and AS might be the embodiment of
the development process. The Corden et al. study showed
that a continuously high state of high BMI, but not short-
term high BMI was a risk factor for AS, and also reflected

CLINICAL RESEARCH

an increase of baPWV [37]. In our study, it was our opinion
that BMI showed a negative relation to baPWV. Its protective
effect on AS existed only in the early stage of hypertension
based on this cross-sectional study. However, prospective
cohort studies are needed to explore this further.

BaPWV has been widely recognized as a reliable indicator for
evaluating arterial stiffness in latest research. High baPWV has
been associated to some deadly diseases such as acute myocar-
dial infarction, hemorrhage, and cerebral ischemic stroke [38].
Boutouyrie et al. found that PWV increased by 1 standard de-
viation (3.15 m/s), the relative risk of cardiovascular and cere-
brovascular events was 1.41 (95%Cl: 1.17-1.70; P<0.001) [2]
used on a group of chronic kidney disease (CKD) population
Townsend et al. found that patients with the highest tertile
of PWV (> 10.3 m/s) were 1.37 (95%Cl: 1.05-1.80) times risk
for end-stage renal disease comparing those with lower PWV
(<7.9 m/s) [1]. In this research, we found that BMI was nega-
tive to baPWV. We did not focus only on the value of baPWV,
but need to pay more attention to BMI and those with hyper-
tension. Also, healthy habits, such as quitting smoking, con-
tinuously treating of hypertension, or monitoring of fasting
blood glucose (FBG), needed to be further study.

There were several strengths to this study. It was based on a pop-
ulation of male hypertensive patients in a community, which
made our study more universal and typical. Also, relatively com-
plete characteristics included such as history of chronic diseases
and medication, life habits, and laboratory data, etc. supported
this study a lot and showed us a more convincing result.

There were limitations to our study. In this study, we could not
find causation between BMI and baPWV, likely because of the
limitations of the study cross-section design. Also, the partici-
pants were from northern China; different areas may have dif-
ferent effects on the result, so we hoped that further research
will address this issue.

Conclusions

Among the male hypertension population, there was a negative
relationship between BMI and baPWV. High BMI was a protec-
tive factor for AS especially at the age group of 35-55 years old.
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Supplementary Tables

Supplementary Table 1. Baseline characteristics of the different age-stages of total subjects according to BMI.

Age-stage
Variables

Low BMI Moderate BMI High BMI
(n=161) (n=258) (GEEDE))]
Age (years) 30.00+3.83 30.41+3.33 30.52+3.21 30.35+3.42 0.209
T 21835167 25964115 31151249 27026420 <0001
R 87075981 917741079  10099+1138 943241224 <0001
CbePwVEm 15201360 1074249 14611226 1921272 0025
CHpem 91274831 97144790 106411049  99.40+1099 <0001
CwWHR  o0se:013  095:012 095011 095:012 0588
P (mmHg 1467041279 1464981272 15055:1399  14817:1339 <0001
COBP(nmHg 89101867 88721897 896511026 89191944 0463
B R 108306848 107.98:809  10995:1052  10885:927 <0001
R 798951411 768741291 774311312 778411333 0099
CGmoy 1308135 1835179 2520229 2004197 <0001
CRBG(mmo) 524141 5284129 se08267 5391199 0047
CHDLC (mmol) 1395135 1205032 1345224 1375145 0182
CbLCmmo) 2613088 2713076 2861079 2751081 0002
CsuA@moy 33071:10836 36357311193 40748412120  37313:11886  <0.001
TC@mme) 4862099 486:100 5071089 4941096 0009
Csaties) W 7)) 2 @5 35 (16 7108 0407
R 77 @8 16 @50 152 (02 345 @478 0054
okl 7 @y s a9 @) % (3 oiss
CRduatonn @] 60 (73 10 (465 149 (492 329 (@4s) 0282
el 9 (6 17 68 13 @y 9 (4) 0614
CDyslipidimian (9] 3 (L) o7 (76) 161 (531) 292 (404) <0001
Digbetes mellius[n (8] s Gn 0 69 2169 36 (0 0049
 Antidiabetic Medication [n (9] - 2 a2 10 2 0 s 07 oe77
 Antidyslipidemia medication[n %] 0 (© 10 4 a3 5 07 0169
 Antihypertensive medication [n (%91 27 (168) 45 (74) - 54 (178 126 (175 0953
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Supplementary Table 1 continued. Baseline characteristics of the different age-stages of total subjects according to BMI.

Age-stage
Variables

Moderate BMI High BMI
(n=1143) (n=701)
Age (years) 40.67+2.86 40.68+2.83 40.18+2.97 40.53+2.89 <0.001
T 228157 25924117 30674254 25941339 <0001
R 84941884 90931783 98924882 91601984 <0001
CbePwVEm 15981245 15611248 161234 15616245 <0001
CHpem 90781818 96541852 104688965 973741012 <0001
CWHR  osaso11  095:010  095:010 0953010 0323
P (mmHg 1468141619 1475081674 14976:1831  14796:1705 <0002
COBP(nmHg 02471890 931131054 937741117 931411034 0051
B R 110581945 11124:1035  11244:1124  11141:1041 <0001
R 786141213 765041271 765241079 77.04+1207 0003
CGmoy 1845380 236:418 2520230 228365 <0001
CRBG(mmo) 5474130 sesr2e7 s86£217 sesr226 0005
CHDLC(mmol) 1545045 143:079 1435079 1421062 <0001
CbLC@mmo) 2753081 2801083 2831083 2793082 0175
CsuA@moy 30864110503 34020810553 35887410726 33745410747  <0.001
Cmoy s0ss104 5174107 5228103 5168105 0038
Csaties) 5185 120 (105) 104 (47) 275 (113 <0001
Csmokimgl ] 2 @se) 532 (65) 366 (463 1170 (479) 0914
okl s B0 % 82 7 (03 24 B9 029
Ceduationfn 9] 161 070) 297 (60) 199 (84) 657 (69) 0459
Cberdsem ()] 20 @9 9 69 55 (78 163 (67) 0068
CDyslpidimialn (] 186 (312 S0l @38) 380 (542) 1067 (437) <0001
Digbetes mellius [n (5] - 6 60 01 (7)o 85 (121) 222 (1) <0001
 Antidiabetic Medication [n (%] 5 08 6 8 6 @3 37 (s 0065
 Antidyslipidemia medication [n (8] 2 03 30 1309 % ) 0017
 Antihypertensive medication [n (%] 176 (29.5) 454 (397) 329 (469) 959 (393 <0001
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Supplementary Table 1 continued. Baseline characteristics of the different age-stages of total subjects according to BMI.

Age-stage
Variables

Grony Low BMI Moderate BMI i Total
(n=1657) (n=2938) (n=5934)
Age (years) 50.13+2.87 50.11+2.88 49.82+2.83 50.05+2.87 <0.001
T 2244140 25914117 30326230 25901328 <0001
R 85431799 91324725 981241079 91195952 <0001
CbePwVEm 17008313 1668:200 16261200 - 16706208 <0001
CHpem 91108799 947741071 104258992 97061993 <0001
CWHR  osaso11  095:011  095:013  09ss011 0269
P (mmHg 1472341874 147.67:1988 1504262142 1478981998 <0001
COBP(nmHg 038341118 947741071 953511220 946411122 <0001
B R 11163:1077  11240:1088  11371:1249 1124941127 <0001
R 774741326 763311387 761241342 766111360 0013
CGmoy 1854200 2198197 2568242 2188211 <0001
CRBG(mmo) 5856207 6014204 634213 6041208 <0001
CHDLC(mmol) 156:054 142:071 133:037 1445060 <0001
ClbLC@mmol) 2753090 2841098 2881086 2821093 <0001
CsuA@moy 3088819616 33107310126 34287410222 32753410084  <0.001
Cmoy 5234124 5274102 5328107 5274110 0047
Csatied) 182 (110) 314 (107) 187 (140) 683 (115) 0002
Csmokimgl ] 847 (1) 1372 (67) 561 (419) 2780 (468) <0001
Connkmeal 180 (109) 335 (114) 145 (108) 660 (1L1) 0766
Ceduationfn 9] 318 (190) 605 (06) 265 (198) 1188 (00) 0449
R 128 77) 285 (07) 108 &1 521 (68 0021
CDyslpidimialn (] 768 (463) 1551 (528) 774 (578 3093 (521) <0001
Digbetes melltus[n 8] 00 (122) 432 (47) 308 (30) 942 (159. <0001
 Anti-diabetic Medication[n (9] - 4 @ ns @9 75 (56 234 (@0 <0001
 Anti-dyslipidemia medication [n (8] 13 (08 0 (1) L % (s 0005
 Antihypertensive medication [n (%] 767 (463) 1551 (528) 774 (578 3092 (521) <0001
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Supplementary Table 1 continued. Baseline characteristics of the different age-stages of total subjects according to BMI.

Age-stage
Variables

Moderate BMI High BMI
(n=1563) (n=648)
Age (years) 59.56+2.68 59.80+2.71 59.74+2.76 59.72+2.72 0.068
T 2235145 2591%116 30251236 25924328 <0001
R 86971885 92241922 9810£1079 99281972 <0001
CbePwVEm 18648392 18381377 17871330 18331372 <0001
CHpem 93501855 99301826 105974945  9811+1001 <0001
CwWHR  osas013  094:012 0943011  0s4soll 0589
P (mmHg 1512561803 1521581822 1545941967  15248:1856 <0001
COBP(nmHg 9080£1226 912441346 907261212 910041285 0491
B R 1109561156 1115481227 11201:1249 1114981213 <0001
R 756841823 746941658  7448£1468 749111662 0252
CGmoy 1618150 1995197 2178210 - 1935190 <0001
CRBG(mmo)  677:28  697s2s6 712851 6958263 <0001
CHDLC(mmol) 1485045 135:049 1374138 139:079 <0001
CLCmmo)  28ss174  288s117  293s181 288151 0471
CsuA@moy 30665:8920 3206618915 3326718937 3195748968 <0001
Cmoy 5356245 5351148 5408113 s36:174 0769
Csatiedl 4 (07 159 (102 79 (122 322 (05)  ols4
Csmokimgl ] 326 (78 58 (38 182 (81) 1036 (336 <0001
okl B 00 136 @) s+ (82 268 (87) 0820
Ceduationfn 9] 18 (137) 200 (134) 102 (158) 429 (41 0179
R 160 (186) 265 (169) 120 (185 545 (178) 0389
CDyslpidimialn (] 32 (74) 728 @66) 334 (516 1384 (452 <0001
Digbetes melltus[n 8] 89 (35 624 (399 284 (39 1197 (391) <0001
 Anti-diabetic Medication [n ()] 120 (139 241 (154) 118 (182) 479 (157) 0023
 Anti-dyslipidemia medication [n (8] 16 (19) 1 Qo 21 63 68 (3 0037
 Antihypertensive medication [n (%)] 418 (485) 830 (531) 418 (645) 1666 (546) <0001
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Supplementary Table 1 continued. Baseline characteristics of the different age-stages of total subjects according to BMI.

Age-stage
Variables

Moderate BMI High BMI
(n=935) (n=423)
Age (years) 69.08+2.97 68.76+2.88 68.62+2.84 68.82+2.90 0.012
T 208155 25884113 30274213 2577331 <0001
R 87591941 93731791 100801833 93651989 <0001
CbaPWVEm)  200:398 - 10881382 10441360 10871373 0002
CHpem 93531823 100141828 106561978 99674981 <0001
CWHR  osas013  094:011 095011 094z012 0331
P (mmHg 15488£1723  15520:1669  157.97:1827 1554131726 0002
COBP(nmHg 863741011 87781115  8861x1118  §7.56:1089 <0001
B R 1092141110 11026:1169  11173:1246 1102941173 <0001
R 746141430 741541368 7488+1282 744611367 0597
CGmoy 1381095 160s285 1g8s144 1658216 <0001
CRBG(mmol) 7013402 715:345 7288272 7141348 0374
CHDLC(mmol) 1495044 138:052 130:034 139:047 <0001
CLC@mmo)  277s106  284s142 2821084 2824123 0469
CsuA@moy 3023618510  32543i87.86 3339048590 3207248743 <0001
Cmoy 5208201 5245108 5308111 5268142 0613
Csatied) AT T 8 (04 - o 1) 182 ©6 0308
Csmokimgl ] 24 @31 189 (02) 78 (84 391 (07) 0120
okl ® () 48 ) 34 @0 10 (58 0044
CRduationn @8] 88 (164) 141 (51) 51 (21) 280 (148 0092
R 134 (50) 234 (51) o5 (225 463 (245 0435
CDyslpidimialn (] 179 333 374 @00) 195 @61) 748 (394) <0001
Digbetes melltus[n 8] 212 (95) 423 (52) 203 (480) 838 (442 0005
 Anti-diabetic Medication[n (9] 0 (168 194 (07) 03 (200 377 (198 0033
 Antidyslipidemia medication [n (8] 11 (20) 2 4 4 @3 7 @4 o
 Antihypertensive medication [n (%)] 265 (893) 557 (s96) 252 (s96) 1074 (s67) <0001
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Supplementary Table 1 continued. Baseline characteristics of the different age-stages of total subjects according to BMI.

Age-stage
Variables

Low BMI Moderate BMI High BMI Total
(n=537) (n=935) (GELYE)) (n=1895)
Age (years) 79.7613.69 78.99+3.41 78.96+3.53 79.30+3.56 0.003
Cewikgm) 21786177 25808112 3000:188 24741322 <0001
Cwaistem) 86901797 952241074  9838+1646 9248£1181 <0001
CbaPWV(m) 2077520 21S5sA19 21828431 2209:468 <0001
B 03681934 10023:841  10665:895 98431995 <0001
CWHR 093011  095:014  092:016 0941014 0.066
s 1554481739 15689+1680 1632742108  157.20:1787 <0001
CoBP(nmHg 845841200 855641287 88911092  8563t1241 0002
R 1082081210 10934£1220 1137041288  109.49:1238 <0001 |
CWRGPM 750541541 726641390  75.14+1584 739941485 0053
6wy 1748524 1654158 1708109 160s35a 0930
WG (umob) 5924174 6674235 6611218 635212 <0001
CHDLC(umol) 166162 1545194 1415045 1574167 0241
CDLC(mmol) 2574105 2745081 286:126 2675099 0004
Ssa@movy 3215319264 3340748725 3360517970 3292418856 0103
Cmoy 5241359 5174117 5274108 5210246 0883
Csatmes) 0 04 % 08 14 (24 80 (100) 0481
CsmokinglnGB] w0 (25 5 (a1 1107 103 (129) 0446
okl 9 @8 9 @4 4 G5 2 @7 o3
Ceduatonln o] 74 031 81 (220 0 77) 175 (18  o04ls
el o2 9 (269 0 (65 200 (50) 0252
Coyslipidimialn ] 100 G19) 12 @13) - 8 @4 302 (77 0009
Digbetes melltus [n G9] 88 (275 140 (80) 4 (89 2 (40 0002
 Anti-diabetic Medication [n (9] w9 (53 65 177) 18 (159 132 (165 0626
 Anti-dysiipidemia medication [n (9]~ 8 (25 s a9 2 8 15 (19 o452
 Antihypertensive medication [n (%)] 208 (650) 245 (666) 7 81 530 (662 0799

Age-stages — study participants are divided into 6 stages according to age: 18-34, 35-44, 45-54, 55-64, 65-74, >75. Low BMI — BMI
<24 kg/m? Moderate BMI — 24 kg/m? <BMI <28 kg/m?: High BMI — BMI 228 kg/m?; BMI — body mass index; baPWV — branchial-ankle
pulse wave velocity; WHR — waist-hip ratio; SBP — systolic blood pressure; DBP — diastolic blood pressure; MAP — mean artery pressure;
bpm — beats per minute; TG — triglyceride; FBG — fasting blood-glucose; HDL-C — high density lipid-cholesterol; LDL-C — low density
lipid-cholesterol; SUA — serum uric acid; TC — total cholesterol.
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Supplementary Table 2. Prevalence of different degrees of arteriosclerosis according to different BMI groups(age-stratification).

Variables Mild AS Moderate AS Severe AS
Low BMI (n=161) 117 (72.7) 36 (22.4) 14 (8.7)
 Moderate BMI (n1=258) 103 (748) 0 (94 o @5
1834 HighBMI(n=303) 72 68 2 (08 6 Qo
R 82 (668 ns (63 0 @0
. wo o019 0002
 lowemiese) 07 (849) 0w @37 9 65
 Moderate BMI (n1=1143) 79 (@69 78 (43 69 (60
3544 HighBMI(n=701) w8 100 w9 @13 ® @0
CTotal(n-2441) 1884 (72 628 (57) 136 (56
. «©oa o o089
 lowBMiGeles?) 1487 (897) 86 @ra) w2 70
 Moderate BMI (n1=2938) 519 (57)  us2 (402 0 (123
45-54  HighBMI(n=1339) 1082 (808) 2 @38 134 (100)

55-64 High BMI (n=648) 597 (92.1) 347  (53.5) 132 (20.4)
Cfotal 3073 2868 (033 1832 (96 826 (269
o 0280 <001 <001

 lwemie=s3) 55 (o7.8) w8 (o) 245 (456
 Moderate BMI (1=035) o013 (76 731 (@8 33 (4L0)

6574  HighBMI(n=423) 43 @74 325 (768 150 (355
fotal(n-1895) 1850 (976) 148 (583) 78 (L)
o 0032 osss 0006

e 316 (88 206 (025 26 (675
 Moderate BMI (1=368) %62 (84 30 697 23 (579

75 HighBMI(=113) 12 1) 07 ©47) %6 (673
fotal 80 790 (986 733 L) 505 (63.0)
. 0813 076 0020

Age-stages — study subjects were divided into 6 stages according to age: 18-34, 35-44, 45-54, 55-64, 65-74, >75.

baPWV - brachial-ankle pulse wave velocity; AS arteriosclerosis; different degrees of AS: Mild AS (baPWV >1400 cm/s); Moderate AS
(baPWV >1700 cm/s); Severe AS (baPWV >2000 cm/s); BMI — body mass index; Low BMI — BMI <24 kg/m?; Moderate BMI — 24 kg/m?
<BMI <28 kg/m?; High BMI — BMI >28 kg/m?.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Huang ). et al.:

BMI and BaPWV in Hypertension CLINICAL RESEARCH

© Med Sci Monit, 2019; 25: 5241-5257

Supplementary Table 3. The multivariate logistic regression analysis between different BMI groups and different levels of arte-
riosclerosis (age-stratification).

Variables Low BMI Moderate BMI High BMI

Model 4 1 0.993 0.94 (0.25-3.60) 0.928 1.05 (0.11-10.34) 0.970
Moderate AS
Model 3 1 0.002 0.84 (0.52-1.35) 0.463 0.41 (0.24-0.69) <0.001

Model 4 1 0.289 0.63 (0.35-1.15) 0.133 0.95 (0.34-2.69) 0.949

Model 3 1 0.004 0.38 (0.16-0.89) 0.028 0.21 (0.08-0.56) 0.002
e  Models 1 . ©001 027 (090078 0016  006(001-027) <0001
 Model3s 1 0093  092(061-138) 0684  060(028-088) 0021
o  Model4 1 0006 096 (057-1.6) 0890  037(0.19-0.74) <0001
 Models 1 001  068(058-08) <0001  054(044-068) <0001
B Taees 1 001  066(053-082) <0001  041(031-055 <0001
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Model 3 1 0.014 0.80 (0.66-0.95) <0.001 0.55 (0.44-0.70) <0.001
T mesels 1 ©001  068(053-083) <0001  045(0.33-060) <0001
© Medels 1 0007  083(067-102 0082  066(050-085 0002
T vewds 1 ©001  068(053-085) 0003  045(0.36-068 <0001
© Medel3s 1 0021  066(048-090) 0012 099 (063156 0962
"  Model4 1 0003  069(047-087) <0010  076(045-130) 0323

BMI — body mass index; Low BMI — BMI <24kg/m?; Moderate BMI — 24kg/m? <BMI <28 kg/m?: High BMI — BMI >28 kg/m?

baPWV - brachial-ankle pulse wave velocity; AS — arteriosclerosis; different levels of AS: Mild AS (BaPWV >1400 cm/s); Moderate AS
(baPWV >1700 cm/s); Severe AS (baPWV >2000 cm/s); Different levels of AS were set as dependent variable, (Mild AS was set as 1
and non-mild AS was set as 0; Moderate AS was set as 1 and non-moderate AS was set as 0; Severe AS was set as 1 and non-severe
AS was set as 0; different BMI groups were set as independent variable; Model 3: No founding factors were adjusted for; Model 4:
adjusting for MAP, heart rates, smoke, drink, exercise, diabetes mellitus, dyslipidimia, antihypertensive medication, anti-diabetic
medication, anti-dyslipidemia medication based on model 3.

Supplementary Table 4. The multivariate linear regression analyses between BMI and baPWV (age-stratification).

Variables Entered variable

Model 4

Age-stages — study subjects were divided into 6 stages according to age: 18-34, 35-44, 45-54, 55-64, 65-74, >75. BMI — body mass
index; baPWV — brachial-ankle pulse wave velocity; baPWV was set as dependent variable, BMI was set as independent variable;
Model 3: no founding factors were adjusted for; Model 4: adjusting for age, sex, MAP, heart rates, smoke, drink, exercise, diabetes
mellitus, dyslipidimia, antihypertensive medication, anti-diabetic medication, anti-dyslipidemia medication based on model 3.
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