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Abstract. - OBJECTIVE: Growing evidence
shows that pulse pressure (PP) is a strong risk
factor for cardiovascular disease and is closely
associated with cardiovascular events, strokes,
and mortality. However, currently, data on the re-
lationship between body mass index (BMI) and
PP are still limited.

SUBJECTS AND METHODS: Here, a cross-sec-
tional study was conducted based on 211,809
non-diabetic adults in 11 cities in China from 2010
to 2016. Raw data were obtained from a public da-
tabase (www.datadryad.org). According to the BMI
level, they are classified into “underweight”, “nor-
mal”, “overweight”, and “obesity” groups. Two
groups of continuous variables were measured by
the Mann-Whitney test, while the differences be-
tween multiple groups were tested by Kruskal-Wal-
lis’ One-Way ANOVA and Dunn'’s test. Besides, mul-
tiple linear regression analyses were performed to
assess the linear relationship between BMI and PP.
In addition, multivariate logistic regression was car-
ried out to further confirm the relationship between
different BMI levels and the prevalence of high PP.

RESULTS: In the total population, BMI was lin-
early positively related to PP regardless of gen-
der and age, but it was not observed in the el-
evated blood pressure group. Multiple linear
regression analysis showed that after fully ad-
justing for the maximum covariates, compared
to the normal group, PP in the overall popula-
tion decreased by 2.19 mmHg in the underweight
group and increased by 1.426 and 2.919 mmHg
in the overweight and obese groups, respective-
ly. Similar results were observed in men, wom-
en, age <60 years, and normotensive groups.
However, there was no significantly linear rela-
tionship between BMI and PP at the age of =60
years and elevated blood pressure groups. Be-
sides, from multiple logistic regression analysis,
the similar results were obtained, with no obvi-
ous association between BMI and high PP prev-
alence in those aged =60 years or with elevated
blood pressure.

CONCLUSIONS: PP increased with rising
BMI in the overall population. However, strati-

fied analysis demonstrated no significant asso-
ciation between BMI and PP in individuals aged
over 60 years or with elevated blood pressure.
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Introduction

Obesity, which plays a critical role in causing
disability and serious health care costs, is widely
considered to be the greatest public health chal-
lenge in the 21 century'. Several large observa-
tional studies** have previously demonstrated
that there is a positive relationship between body
mass index (BMI) and blood pressure levels,
while Mendelian randomization studies™® have
further reinforced their causal relationship.

Hypertension is related to adverse cardiovas-
cular outcomes and is manifested primarily as a
chronic, multifactorial, asymptomatic and usual-
ly incurable disease’. Long-term poor control of
blood pressure causes severe changes in multiple
organs, including the heart, blood vessels, kid-
neys, eyes, and the brain, thereby increasing the
risk of health complications’. Fortunately, BMI is
an important variable determinant of blood pres-
sure levels, and weight interventions would have
a positive effect on the maintenance of normal
blood pressure level®’.

It has been reported®’ that the pulsatile compo-
nent of blood pressure captures cardiac risk better
than the steady component. The former is usually
measured as pulse pressure (PP), and according
to the Windkessel model of arterial blood pres-
sure, PP can be considered simply as a reflection
of stroke volume and arterial wall compliance'®.
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However, in actual clinical practice, most physi-
cians take blood pressure control at desired lev-
els as the primary goal, and PP is often treated
secondarily or even ignored. A growing number
of studies'""* have shown that PP is a strong risk
factor for cardiovascular disease and is close-
ly related to cardiovascular events, strokes, and
mortality. Whereas, as data on the relationship
between body mass index and PP are still limited
currently, the purpose of this paper is to assess
their relationship.

Subjects and Methods

Study Design and Data Extraction

This is a cross-sectional study, and a secondary
analysis on the study by Chen et al'*. The raw data
were downloaded from a public database (www.
datadryad.org). Specifically, 211,833 non-diabetic
adults from 32 health screening centers in 11 cities
(Shanghai, Beijing, Suzhou, Wuhan, Changzhou,
Shenzhen, Nanjing, Guangzhou, Hefei, Nantong,
and Chengdu) of China are involved in. At their
first health screening center visit, a detailed ques-
tionnaire including demographics, lifestyle and
family history of chronic disease was completed.
Then, fasting venous blood was collected after
a fast of at least 10 hours. Apart from that, lipid
profiles, fasting plasma glucose (FPG), blood urea
nitrogen (BUN), serum creatinine (Scr), aspar-
tate, aminotransferase (AST), and alanine amino-
transferase (ALT) were measured directly using
a uniform automated analyzer (Beckman 5800,
Brea, CA, USA). While height, weight and blood
pressure were measured by trained staff, when
the former two were measured the nearest to 0.1
cm and 0.1 kg, respectively.

In addition, the original study' was approved
by the Rich Healthcare Group Review Board.
As the study was observational, along with the
retrieval of information being retrospective, and
the data being anonymous and never violating
the rights of the participants, the Rich Healthcare
Group Review Board gave up the requirement for
informed consent®. Beyond that, this study com-
plies with the Declaration of Helsinki.

Study Population

Since this paper is a secondary analysis of the
data provided by Chen Y et al*, the inclusion
criteria were consistent with that of the original
study. To be specific, 211,833 non-diabetic adults

aged between 20-99 years with at least two visits
between 2010 and 2016 and with complete infor-
mation on height, weight and FPG were selected.
On this basis, an additional 24 participants were
excluded from further analysis due to the absence
of recorded systolic or diastolic blood pressure
values, resulting in a total of 211,809 participants
included in this study. The specific flow chart is
shown in Figure 1.

Exposure of Interest and Outcome
Measures

The exposure of interest was BMI, obtained by
dividing weight (kg) by the square of height (m?).
According to the current Chinese BMI classifica-
tion criteria, BMI fell into four categories. “<18.5
kg/m?” is underweight; “18.5-23.99 kg/m?” is nor-
mal weight; “24-27.99 kg/m*” is overweight, and
“>28 kg/m?” is obesity'®.

The study outcome was PP. All participants’
blood pressure was obtained by trained staff us-
ing a standard mercury sphygmomanometer in
a quiet environment. Then, PP was acquired by
subtracting diastolic blood pressure (DBP) from
systolic blood pressure (SBP). “High PP” was
defined a >60 mmHg". In addition, participants
were classified into “normal blood pressure”
and “elevated blood pressure” groups according
to their baseline blood pressure levels. Here, it
should be noted that the “normal blood pressure”
was defined as SBP <140 mmHg and DBP <90
mmHg, while the “elevated blood pressure” was
defined as SBP >140 mmHg or DBP >90 mmHg".

Statistical Analysis

All continuous variables were skewed and
expressed as median (interquartile range, IQR),
whereas categorical variables were denoted as
percentages. In addition, two groups of continuous
variables were analyzed using the Mann-Whitney
test, and multiple comparisons were performed
by conducting Kruskal-Wallis’ One-Way ANO-
VA and Dunn’s test. Other than that, categorical
variables were assessed by the Chi-square test. In
addition, multiple linear regression models were
adopted to analyze the relationship between BMI
levels and PP, and the results were expressed as
B and standard error (SE). Meanwhile, the mul-
tivariate logistic regression model was used to
analyze the relationship between BMI levels and
the prevalence of high PP, and the results were
indicated as odds ratios (ORs) with their corre-
sponding 95% confidence intervals (Cls). All
variables adjusted in the regression model include
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685,277 Chinese participants aged over 20 years

with at least two visits during 2010-2016

Part 1
Data
source

473,444 participants were excluded:

1). 103,946 participants had no records of height and weight.

2). 1 participant had no record of gender.

3). 152 participants had extreme BMI values (<15 kg/m? or 55 kg/m?)
4). 324,233 participants had visit intervals less than two years.

5). 7,112 participants had diabetes at baseline.

6). 6,630 participants undefined diabetes status during follow-up.

4 7). 31,370 participants had no records of fasting glucose.

211,833 participants

Part 2

»| 24 participants did not report systolic or
diastolic blood pressure

study

A\

211,809 participants

Figure 1. The flowchart of study. The first part is the flowchart of the original study, and the second part is the flowchart of

the current study.

age, gender, BMI, ALT (U/L), AST (U/L), BUN,
Scr (umol/L), total cholesterol (TC) (mmol/l), tri-
glycerides (TG) (mmol/l), low-density lipoprotein
cholesterol (LDL-c) (mmol/l), high-density lipo-
protein cholesterol (HDL-c) (mmol/l), smoking
status (current smoker or not), drinking status
(current drinker or not), and family history of di-
abetes (Yes or No).

Furthermore, all regression analyses were as-
sessed stratified by gender (male and female), age
(<60 years and >60 years), and blood pressure
level (normal blood pressure and elevated blood
pressure). Apart from that, the test for trend was
performed with a polynomial contrast procedure.
All statistical analyses were made using SPSS
26.0 (IBM Corp., Armonk, NY, USA) and Graph-
Pad 9.0 (La Jolla, CA, USA). Besides, two-tailed
p-values lower than 0.05 showed statistical differ-
ences.

Results
Table I displays the demographic data and

baseline characteristics of the 211,809 partici-
pants, respectively. The total population was clas-
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sified into four groups according to BMI: “under-
weight”, “normal”, “overweight” and “obesity”,
and their baseline characteristics were statistical-
ly different. Besides, the age of the overweight
group was higher than that of the other groups,
with a median age of 45 (IQR: 36-56) years.
Moreover, in the underweight group, the largest
proportion of women was 71.6% and had higher
levels of HDL-c, while other characteristics were

more obvious in the obesity group.

Relationship Between BMI and PP
Stratified by Gender, Age, and Blood
Pressure Levels

As shown in Table II, at the same BMI level,
PP was higher in men than in women except for
the obesity group (p <0.05); participants aged >60
years had higher PP than those aged <60 years
(p <0.001); participants with high blood pressure
had higher PP than those with normal blood pres-
sure (p <0.001). Meanwhile, there was a trend of
increasing PP as BMI level increased (p <0.001).

In the overall population, the increase in PP
with increasing BMI showed a linear relationship,
as displayed in Figure 2. Similarly, a linear rela-
tionship between BMI and PP was observed in
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Table I. Baseline information of the overall population according to BMI levels

Underweight Normal Overweight Obesity

(n=12,081) (n=116,802) (n=64,762) (n=18,164) P
Age (years) 33 (30-40) 39 (33-50) 45 (36-56) 43 (35-55) <0.001
Female (%) 8,652 (71.6) 64,067 (54.9) 18,607 (28.7) 4,371 (24.1) <0.001
Current smoker (%) 352 (2.91) 5,138 (4.4) 4,959 (7.7) 1,625 (8.9) <0.001
Current drinker (%) 23 (0.19) 528 (0.45) 587 (0.91) 213 (1.2) <0.001
Family history of diabetes (%) 188 (1.56) 2,463 (2.1) 1,284 (1.98) 408 (2.2) <0.001
SBP (mmHg) 108 (100-118) 114 (105-125) 123 (113-134) 129 (119-140) <0.001
DBP (mmHg) 69 (63-75) 71 (65-78) 77 (70-84) 81 (73-88) <0.001
PP (mmHg) 40 (33-46) 43 (36-50) 45 (38-53) 48 (40-56) <0.001
FPG (mmol/L) 4.77 (4.44-5.10) 491 (4.57-5.26)  5.09 (4.71-5.48) 5.18 (4.8-5.61) <0.001
ALT (U/L) 12.6 (10-16.15) 15.9 (12.0-22.0) 23 (16.3-33.85) 30.7 (20.9-47) <0.001
AST (U/L) 19.8 (17-23) 21 (18-25) 23.8 (20-28.7) 26.0 (21.3-33.0)  <0.001
BUN (mmol/L) 4.23 (3.55-5.03) 4.47 (3.75-5.28)  4.74 (4.02-5.56) 4.8 (4.06-5.62) <0.001
Scr (umol/L) 61 (53.6-72) 68 (57.1-80.2) 76.6 (65-86) 77 (65.8-87) <0.001
TC (mmol/L) 4.40 (3.90-4.97) 4.60 (4.07-5.20)  4.86 (4.29-5.48) 4.92 (4.36-5.55)  <0.001
TG (mmol/L) 0.72 (0.57-0.97) 0.93 (0.69-1.34)  1.40 (1.0-2.08) 1.70 (1.20-2.42) ~ <0.001
LDL (mmol/L) 244 (2.11-2.87)  2.63 (2.24-3.07) 2.81(2.39-3.27) 2.86(2.44-3.32)  <0.001
HDL-c¢ (mmol/L) 1.51 (1.30-1.72) 1.38 (1.21-1.59)  1.29 (1.12-1.48) 1.25(1.08-1.44)  <0.001

SBP, systolic blood pressure. DBP, diastolic blood pressure. PP, pulse pressure. FPG, fasting plasma glucose. TG, triglycerides.
TC, total cholesterol. HDL-c, high-density lipoprotein cholesterol. LDL, low-density lipoprotein cholesterol. Scr, Serum cre-
atinine. BUN, blood urea nitrogen. ALT, alanine aminotransferase. AST, aspartate aminotransferase. BMI, Body mass index.

the men, women, age >60 years, age <60 years,
and normal blood pressure groups, as shown in
Figure 3. However, in the elevated blood pressure
group, PP was obviously higher in the normal
BMI group than in other groups (p <0.05).

Multiple Linear Regression Models to
Analyze the Association Between BMI
and PP

Table III presents the results of the multiple
linear regression analysis on the association be-

tween BMI and PP. Besides, stratified analyses
of the overall population were made by gender,
age, and blood pressure level. In a crude model of
the overall population, PP was decreased by 3.165
mmHg in the underweight group and increased
by 2.95 and 5.172 mmHg in the overweight and
obesity groups, respectively, when compared to
that of the normal group. Moreover, similar re-
sults persisted regardless of age and gender. How-
ever, in the elevated blood pressure group, PP was
decreased by 4.257 mmHg, 0.831 mmHg, and

60= Overall &
#*
# =
*
*
> 50=
I
£
E
o
Q- 40— L
30 T T T T
Underweight Normal Overweight Obesity

Figure 2. Between-group differences in PP at different BMI levels in the overall population. “indicates normal, overweight
and obesity compared with underweight group with p <0.05. *indicates overweight and obesity compared with normal group
with p <0.05. #indicates obesity compared with overweight group p <0.05.
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Table II. Relationship between BMI and pulse pressure stratified by sex, age, and blood pressure levels.

Gender Age Blood Pressure Levels
Men Women p <60year =60 years p Normal Elevated P

BMI levels

Underweight4 3 (36-50) 38 (33-45) <0.001 39 (33-46) 50 (40-61) <0.001 39 (33-46) 54 (36-66) <0.001
Normal 45 (38-52) 41 (35-48) <0.001 42 (36-49) 51(42-62) <0.001 42 (36-49) 58 (43-68) <0.001
Overweight 46 (39-53) 45(38-54) 0.008 44 (38-52) 53 (44-63) <0.001 44 (38-51) 55(43-66) <0.001
Obesity 48 (40-56) 48 (40-58) <0.001 47 (40-55) 55(45-66) <0.001 46 (39-52) 55(43-66) <0.001
p for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

SBP, systolic blood pressure. DBP, diastolic blood pressure. PP, pulse pressure. FPG, fasting plasma glucose. TG, triglycerides.
TC, total cholesterol. HDL-c, high-density lipoprotein cholesterol. LDL, low-density lipoprotein cholesterol. Scr, Serum cre-
atinine. BUN, blood urea nitrogen. ALT, alanine aminotransferase. AST, aspartate aminotransferase. BMI, Body mass index.

Table Ill. Multiple linear regression models to analyze the association between BMI and pulse pressure.

Univariate Linear Regression analysis Multivariate Linear Regression analysis
B SE P B SE P

Overall
Normal 0 (Ref) 0 (Ref)
Underweight -3.165 0.110 <0.001 -2.190 0.474 <0.001
Overweight 2.950 0.056 <0.001 1.426 0.231 <0.001
Obesity 5.172 0.092 <0.001 2.919 0.367 <0.001
Men
Normal 0 (Ref) 0 (Ref)
Underweight -2.283 0.203 <0.001 -2.416 0.759 <0.001
Overweight 1.062 0.073 <0.001 1.221 0.271 <0.001
Obesity 2.971 0.110 <0.001 2.586 0.415 <0.001
Female
Normal 0 (Ref) 0 (Ref)
Underweight -2.755 0.130 <0.001 -1.087 0.594 0.067
Overweight 4.687 0.094 <0.001 1.590 0.445 <0.001
Obesity 7.969 0.177 <0.001 4.187 0.811 <0.001
Age <60years
Normal 0 (Ref) 0 (Ref)
Underweight -2.747 0.102 <0.001 -2.553 0.463 <0.001
Overweight 2.439 0.055 <0.001 1.413 0.234 <0.001
Obesity 4.786 0.090 <0.001 2.932 0.373 <0.001
Age >60years
Normal 0 (Ref) 0 (Ref)
Underweight -1.514 0.658 0.021 1.519 2.744 0.580
Overweight 1.602 0.209 <0.001 1.124 0.849 0.186
Obesity 3.667 0.326 <0.001 2.679 1.303 0.040
Normal blood pressure
Normal 0 (Ref) 0 (Ref)
Underweight -2.430 0.093 <0.001 -2.149 0.427 <0.001
Overweight 1.929 0.051 <0.001 1.121 0.220 <0.001
Obesity 3.387 0.091 <0.001 1.937 0.374 <0.001
Elevated blood pressure
Normal 0 (Ref) 0 (Ref)
Underweight -4.257 0.802 <0.001 -6.681 3.246 0.04
Overweight -0.831 0.220 <0.001 -0.934 0.867 0.282
Obesity -1.291 0.271 <0.001 -0.465 1.082 0.668

Multivariate linear regression model adjusted age, gender, BMI, ALT (U/L), AST (U/L), BUN, Scr (umol/L), total cholesterol
(mmol/l), triglycerides (mmol/l), LDL cholesterol (mmol/l), HDL cholesterol (mmol/l), smoking status (current smoker or not),
drinking status (current drinker or not), family history of diabetes (Yes or No). SE, standard error. BMI, Body mass index. Crude
model no variable was adjusted. Model 1 adjusted age. Model 2 plus gender, BMI, ALT (U/L), AST (U/L), BUN, Scr (umol/L), total
cholesterol (mmol/l), triglycerides (mmol/1), LDL cholesterol (mmol/l), HDL cholesterol (mmol/1), smoking status (current smoker
or not), drinking status (current drinker or not), family history of diabetes (Yes or No). PP, pulse pressure. BP, blood pressure. BMI,
body mass index. OR, odds ratio. CI, confidence interval.
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Table IV. Multivariate logistic regression of different BMI levels with the prevalence of high PP in the overall and subgroups..

Crude Model Model 1 Model 2

OR (95% Cl) P OR (95% ClI) P OR (95% Cl) P
Overall
Normal Ref Ref Ref
Underweight 0.557 (0.511-0.607)  <0.001 0.750 (0.687-0.819)  <0.001 0.666 (0.432-1.027) 0.066
Overweight 1.687 (1.636-1.740)  <0.001 1.319 (1.276-1.362)  <0.001 1.444 (1.246-1.674)  <0.001
Obesity 2.470 (2.366-2.578)  <0.001 2.050 (1.960-2.144)  <0.001 2.093 (1.704-2.571)  <0.001
Men
Normal Ref Ref Ref
Underweight 0.715 (0.628-0.813)  <0.001 0.807 (0.708-0.919)  0.001 0.592 (0.318-1.104) 0.099
Overweight 1.223 (1.176-1.272) <0.001 1.118 (1.074-1.164)  <0.001 1.315 (1.109-1.559) 0.002
Obesity 1.790 (1.699-1.887)  <0.001 1.719 (1.631-1.813)  <0.001 2.026 (1.607-2.554)  <0.001
Female
Normal Ref Ref Ref
Underweight 0.539 (0.480-0.606)  <0.001 0.891 (0.788-1.007)  0.064 1.078 (0.577-2.013) 0.814
Overweight 2.577 (2.450-2.710)  <0.001 1.551 (1.468-1.638)  <0.001 1.664 (1.250-2.215)  <0.001
Obesity 3.955 (3.657-4.276)  <0.001 2.322 (2.130-2.532)  <0.001 1.991 (1.261-3.143) 0.003
Age <60years
Normal Ref Ref Ref
Underweight 0.584 (0.528-0.646)  <0.001 0.633 (0.572-0.701)  <0.001 0.514 (0.307-0.858) 0.011
Overweight 1.619 (1.558-1.682) <0.001 1.431 (1.375-1.490) <0.001 1.550 (1.307-1.837)  <0.001
Obesity 2.611 (2.480-2.749)  <0.001 2.258 (2.141-2.381)  <0.001 2.350 (1.860-2.968)  <0.001
Age >60years
Normal Ref Ref Ref
Underweight 0.943 (0.782-1.137) 0.537 0.718 (0.587-0.878)  0.001 0.963 (0.344-2.695) 0.942
Overweight 1.180 (1.114-1.250) <0.001 1.306 (1.228-1.389)  <0.001 1.285 (0.930-1.774) 0.128
Obesity 1.579 (1.448-1.722) <
0.001 1.744 (1.590-1.912) <0.001 1.499 (0.931-2.412)  0.096
Normal BP
Normal Ref Ref Ref
Underweight 0.715 (0.645-0.793) <
0.001 0.809 (0.729-0.898)  <0.001 0.652 (0.382-1.111)  0.115
Overweight 1.292 (1.234-1.353) <
0.001 1.131 (1.078-1.186) <0.001 1.352 (1.097-1.667)  0.005
Obesity 1.735 (1.615-1.863) <0.001 1.527 (1.420-1.642)  <0.001 1.665 (1.201-2.308) 0.002
Elevated BP
Normal Ref Ref Ref
Underweight 0.785 (0.647-0.952) 0.014 0.825 (0.673-1.012)  0.065 0.727 (0.280-1.887) 0.512
Overweight 0.838 (0.795-0.883)  <0.001 0.855 (0.810-0.904) <0.001 0.904 (0.704-1.160) 0.428
Obesity 0.754 (0.707-0.805)  <0.001 0.899 (0.840-0.963)  0.002 0.990 (0.723-1.355) 0.948

1.291 mmHg in the underweight, overweight, and
obesity groups, respectively, compared to that of
the normal weight group.

After fully adjusting for the maximum co-
variates, in the overall population, PP was re-
duced by 2.19 mmHg in the underweight group
and increased by 1.426 and 2.919 mmHg in the
overweight and obesity groups, accordingly, com-
pared with that of the normal group. Similar re-
sults were obtained in the men, women, age <60
years and normal blood pressure groups. Howev-
er, there was no significantly linear association
between BMI and PP in the age >60 years and
elevated blood pressure groups (p >0.05).

Multivariate Logistic Regression Analysis
of BMI and Prevalence of High PP

In the crude model, no variables were adjust-
ed. In model 1, age was adjusted. In model 2, the
maximum variables were adjusted. For example,
model 1 plus sex, TC, TG, HDL-c, LDL-c, FPG,
ALT, AST, BUN, Scr, smoking status, alcohol
consumption status, and family history of dia-
betes was adjusted. The normal BMI group was
considered as the reference group, as shown in
Table I'V.

In the overall population, as shown in the
crude model, the prevalence of high PP decreased
by 0.44 (OR: 0.557, 95% CI: 0.511-0.607) in the
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underweight group and increased 1.69-fold (OR: towards a decrease in the prevalence of high PP
1.687, 95% CI: 1.636-1.740) and 2.47-fold (OR: in the underweight group compared to the nor-
2.470, 95% CI: 2.366-2.578) in the overweight mal group in the overall population (p =0.066).
and obesity groups, respectively, compared with In contrast, the prevalence of high PP increased
that in the normal group. Similar results existed 1.44-fold (OR: 1.444, 95% CI: 1.246-1.674) and
in other subgroups of the population. Moreover, 2.09-fold (OR: 2.093, 95% CI: 1.704-2.571) in the

these associations were maintained after adjust- overweight and obesity groups, separately.
ing for age in model 1. In model 2, after fully Meanwhile, the prevalence of hypertension was
adjusting for covariates, there was still a trend dramatically increased in overweight and obesity
&
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Figure 3. Between-group differences in PP at different BMI levels according to gender, age, and baseline blood pressure.
“indicates normal, overweight and obesity compared with underweight group with p <0.05. *indicates overweight and obesity
compared with normal group with p <0.05. *indicates obesity compared with overweight group with p <0.05.
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individuals in the men, women, age <60 years and
normal blood pressure groups (p <0.05). Howev-
er, there were no significant differences in the
prevalence of high PP between BMI levels in the
age >60 years and elevated blood pressure groups
(p >0.05).

Discussion

The present study is a large cross-sectional
study based on a non-diabetic population in Chi-
na. The main findings of this study can be sum-
marized as follows. 1) Compared to the normal
group, the underweight group was featured with
lower PP, while the overweight and obesity groups
had noticeably higher PP. Meanwhile, the obesity
group tended to have abnormal biochemical pa-
rameters such as lipids and blood glucose, as well
as unhealthy lifestyles such as smoking and alco-
hol consumption. 2) In the overall population, a
linear positive correlation appeared between BMI
and PP. Stratified analysis according to gender,
age and blood pressure levels demonstrated that
BMI remained linearly and positively correlated
with PP in the men, women, age <60 years and
normal blood pressure groups, while there was no
linear association in the age >60 years and ele-
vated blood pressure groups. 3) Similarly, in the
groups of men, women, age <60 years and nor-
mal blood pressure, the prevalence of high PP
was obviously higher in the overweight and obese
groups than that in the normal group, whereas
that did not differ to a great extent between BMI
levels in the age >60 years or elevated blood pres-
sure groups.

Hypertension is one of the most common risk
factors for cardiovascular disease, and widely ex-
ists in the obese population”. BMI is associated
with decreased functional capacity and increased
risk of hypertension, which often leads directly
to further decline in health status***. Considering
that, this association has significant implications
in China, where the prevalence of hypertension is
high and that of obesity is on the rise. By 2025, the
number of adults with hypertension is expected to
increase by about 60% to 1.56 billion worldwide,
and one-third of adults will suffer from hyperten-
sion in China®. In this case, improving unhealthy
lifestyles and antihypertensive treatment is still
recommended in the current guidelines for the
prevention and treatment of hypertension*, which
however do not provide very clear treatment rec-
ommendations, which are mainly achieved by

lowering the mean arterial blood pressure. There-
fore, in clinical practice, most clinicians tend to
focus on controlling blood pressure at the desired
range as the main goal, and PP is frequently ig-
nored.

An increasing number of evidence manifest
that PP is a strong independent predictor of car-
diovascular events, and increased PP is strongly
connected with type 2 diabetes, strokes, myo-
cardial infarction, coronary artery disease, heart
failure and overall mortality'-'"**. Consistent with
current guidelines for the management of hyper-
tension, our study suggests that weight reduction
may reduce PP in the overall population. Consid-
ering interindividual differences in blood pres-
sure and weight, targeted weight loss interven-
tions in the subgroups of the population may be
more effective in preventing high PP than in the
general population. Therefore, stratified analysis
was made in the overall population by sex, age,
and baseline blood pressure level. In addition, the
relationship between BMI and PP as continuous
or categorical variables in multiple linear and lo-
gistic regression models was explored. In both
models, similar results were obtained.

Our study showed a significant difference in
PP between men and women. In the non-obese
population, PP was observably higher in men than
in women, while in the obese population, it was
higher in women than in men. Skurnick et al®
pointed out that PP levels were lower in women
than in men in early adulthood and higher in old-
er age. In our study, women in the obesity group
were significantly older than men (47, IQR 36-59
vs. 40, IQR 33-51 years), which is similar to the
results of the meta-analysis by Skurnick et al®.
Intriguingly, a nonsignificant association between
BMI in those older than 60 years or with elevat-
ed blood pressure was observed. Aging and high
blood pressure dramatically diminish arterial
wall elasticity, leading to arterial stiffness. As the
available “buffering” capacity of the arterial wall
decreases, a decrease in compliance will increase
PP?. Therefore, here, it is hypothesized that arte-
rial stiffness is likely to occur in this population,
and that once arterial stiffness develops, the effect
of BMI on PP is significantly weakened.

Obesity and high PP may be involved with the
following mechanisms. 1) Low-grade inflam-
mation is a hallmark of obesity. Adipose tissue
induces the expression of many inflammatory
mediators, such as the cytokine IL-6?". Vascular
endothelial dysfunction in the inflammatory state
promotes the entry of low-density lipid cholester-
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ol into the vessel wall and initiates the atheroscle-
rotic process. Meanwhile, treatments that antago-
nize low-grade inflammation have been shown to
prevent and treat obesity®®. 2) Increased activity
of the autonomic nervous system in obese peo-
ple and the increased adrenergic activity lead to
reduced vasodilation and decreased compliance®.
3) In the resting state, the heart rate of obese peo-
ple does not increase to a great extent, but the
stroke volume would increase the cardiac output
to meet the greater metabolic demand due to the
increased BMI, and the arterial vasculature is
passively dilated®.

This paper has the following strengths. First-
ly, this study is a multicenter, large-sample study
designed to investigate the relationship between
BMI and PP, while previous studies were char-
acterized with relatively small sample sizes.
Secondly, in our study, the application value
was extended by analyzing different subgroups.
Meanwhile, the association between BMI and PP
was analyzed by two regression models, and ro-
bust results were obtained.

Limitations

Inevitably, in this paper, the following limita-
tions also exist. Firstly, the elevated blood pres-
sure group in this study was classified according
to baseline blood pressure levels. Since antihyper-
tensive medication and previous chronic medical
history were not included in the data provided by
Chen et al, the impact of these aspects on the re-
sults of this paper still needs further clarification.
In the future, designing our study or collaborat-
ing with other researchers to avoid this deficiency
may be considered. Secondly, as the current study
population was non-diabetic, the results of this
study are only applicable among them. Thirdly,
it was an observational study that provided infer-
ences about the association between BMI and PP
rather than a causality, which thus should be con-
firmed by further prospective studies in the fu-
ture. Fourthly, considering the 11 cities included
in this study are economically affluent areas, the
results may be inapplicable to poor areas. Mean-
while, the results of this study may not be gener-
alizable to other ethnic populations due to genetic
reasons.

Conclusions

Overall, PP increased with rising BMI in the
overall population. However, stratified analysis
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demonstrated no significant association between
BMI and PP in individuals aged over 60 years or
with elevated blood pressure. Therefore, weight
interventions to reduce PP remain appropriate for
most individuals. However, the association be-
tween weight and pulse pressure was weakened
in individuals aged over 60 years or with elevated
blood pressure.
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