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Objectives—Pulse pressure, a marker of arterial stiffness, and body composition are both risk
factors for cardiovascular disease. Little is known about whether changes in body composition
may be linked to future pulse pressure. We sought to determine whether change in amount of
abdominal and thigh fat over 5 years predicted pulse pressure at 10 years.
Methods—Visceral fat as well as abdominal and thigh subcutaneous fat areas were measured by
computed tomography at baseline and 5 years later in 284 Japanese Americans (mean age 49.3
years; 50.4% men) without hypertension, heart disease, and glucose-lowering medication use at
baseline. Pulse pressure at 10 years was calculated as the difference between systolic blood
pressure (BP) and diastolic BP measured with a mercury sphygmomanometer. The association
between change in fat at 5 years and arterial pulse pressure at 10 years, adjusted for baseline pulse
pressure, was examined using linear regression analysis.
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Main results—Change in abdominal visceral fat area at 5 years was positively associated with
10-year pulse pressure independent of sex, 5-year change in body mass index (BMI), and baseline
age, BMI, pulse pressure, abdominal visceral fat, smoking status, alcohol consumption, physical
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activity, HOMA-IR, and fasting plasma glucose. There were no significant associations between
baseline amounts or change in abdominal or thigh subcutaneous fat areas and future pulse
pressure.
Conclusions—The accumulation of abdominal visceral fat over time independently predicted
future pulse pressure in Japanese Americans.
Keywords
arterial pulse pressure; intra-abdominal fat; body composition; prospective studies; epidemiology;
vascular stiffness
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Arterial pulse pressure, defined as the difference between systolic blood pressure (BP) and
diastolic BP, increases steeply after age 50 years due to decreased elasticity of large arteries
[1]. Increased pulse pressure damages the elastic components of the vascular wall, thereby
increasing the risk of atherosclerosis [2]. Increased pulse pressure is also associated with
increased stress on the left ventricle, which can result in ventricular wall hypertrophy and
failure [3]. Research has shown that increased pulse pressure is an independent prognostic
marker of cardiovascular events not only in the elderly population, but also in younger
normotensive subjects and in subjects with relatively low cardiovascular risk [4–7]. In the
NHANES 1 study, an increase in pulse pressure of approximately 10 mmHg was associated
with a 26% increase in the risk of cardiovascular death in those 25–45 years old, and about
10% in those 46–77 years old [8].
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Obesity, generally defined by an overall excess of body fat, is associated with adverse
cardiovascular health outcomes. Research has shown that individual variation in regional
body fat distribution is an important factor explaining the metabolic heterogeneity of obesity
and its related cardiovascular risk [9, 10]. In particular, visceral adiposity is a key driver of
the cardiometabolic risk associated with obesity; in contrast, some research suggests that
lower extremity fat depots may protect against cardiovascular disease [9, 11, 12]. A possible
mechanism to explain the relationship between obesity and cardiovascular disease is
remodeling of the vasculature, particularly arterial stiffness [13]. It has been reported that
individuals with obesity have greater arterial stiffness [14–17], but this is not a consistent
finding [18–20]. Several cross-sectional studies have demonstrated that abdominal adiposity
is more strongly related to arterial stiffness than general obesity [16, 21, 22]. In addition,
peripheral fat has been found to be inversely associated with arterial stiffness, as opposed to
central fat [23–25]. However, little is known about the long-term effects of general and
regional adiposity on pulse pressure. One study has shown that changes in body mass index
(BMI) and waist-to-hip ratio over 24 years were not associated with changes in pulse
pressure in women [26].
To our knowledge, there have been no reports on the association of change in the amount of
fat in specific body locations with future pulse pressure. Therefore, we examined the
relationship between change in computed tomography (CT) measured abdominal and thigh
fat areas from baseline to 5 years and pulse pressure at 10 years.
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Methods
Study subjects
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The study population consisted of Japanese American men and women enrolled in the
Japanese American Community Diabetes Study (JACDS), a cohort of second- (Nisei) and
third-generation (Sansei) Japanese Americans of 100% Japanese ancestry [27]. The
hypothesis underlying the JACDS was that an interaction between ethnicity and
environmental factors; that is, a Western lifestyle, caused pathophysiological changes that
resulted in adiposity-related cardio-metabolic diseases. Participants were chosen from
volunteers through community-wide recruitment and were representative of Japanese
American residents of King County, Washington, in age distribution, residential distribution,
and parental immigration pattern [27]. Participants were examined at 5 to 6 years and 10–11
years after a baseline evaluation. For the current analysis, subjects were removed from the
original cohort of 658 subjects if at baseline they had a diagnosis of hypertension, defined by
systolic blood pressure (BP) ≥140 mmHg, diastolic BP ≥90 mmHg, or the use of
antihypertensive medications; had a diagnosis of heart disease; or were taking an oral
glucose-lowering medication or insulin. Of the remaining 385 subjects, 102 were excluded
for reasons show in Figure 1, leaving 284 for this analysis. The study received approval from
the University of Washington Human Subjects Division and all subjects provided written
informed consent.
Clinical and laboratory examination
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All evaluations were done at the General Clinical Research Center, University of
Washington. A complete physical examination was performed at baseline. After a rest period
of 30 minutes, BP was measured with a mercury sphygmomanometer in the recumbent
position to the nearest 2 mmHg and reported as an average recording from the second and
third of three consecutive measurements, Personal medical history and lifestyle factors were
assessed using a standardized questionnaire. Smoking was classified into two groups
(current smoker, past smoker/never smoked). Moderate alcohol intake was defined as
consuming more than 6 g of ethanol per day [28]. The Paffenbarger physical activity index
questionnaire was used to estimate physical activity level (usual kilocalories spent weekly)
[29], and regular physical activity was defined as more than moderate intensity physical
activity.
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Blood samples were obtained after an overnight fast of 10 hours. A 75-g oral glucose
tolerance test was used to define diabetes mellitus using American Diabetes Association
criteria [30]. Plasma glucose was measured by the hexokinase method using an autoanalyzer
(Department of Laboratory Medicine, University of Washington, Seattle, Washington).
Plasma insulin was measured by radioimmunoassay by the Diabetes Research Center,
University of Washington. Insulin sensitivity was estimated using the homeostasis model
assessment insulin resistance (HOMA-IR) index calculated as [fasting serum insulin
(µIU/mL) × fasting serum glucose (mg/dl)]/405[31]. Lipids were measured according to
modified procedures of the Lipid Research Clinics (Northwest Lipid Research Laboratory,
University of Washington).
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Single (1-cm) CT scan slices were obtained of the abdomen at the level of the umbilicus and
of the thigh at a level halfway between the greater trochanter and the superior margin of the
patella as detailed previously [32]. CT scans were analyzed using density contour software.
Areas corresponding to a density of −250 to −50 Hounsfield units (HU) were classified as
adipose tissue. Change in CT-measured fat area was calculated as the difference between the
5-year and baseline values. The intra-observer variability for multiple measurements by a
single observer of a single CT scan ranged from 0.2 to 1.4%.
Statistical analysis

Author Manuscript

Continuous variables are expressed as means ± standard deviation (SD), and categorical
variables are expressed as numbers and percentages. Continuous variable distributions were
tested for normality by the Kolmogorov-Smirnov test. Assessment of differences between
two groups for continuous data was done by the independent t test and when data were not
normally distributed by the Mann-Whitney U test. Chi-square test was used for categorical
data. Pearson’s correlation analysis was used to estimate correlations between pulse pressure
at 10-year and age and hemodynamic, biochemical, and body composition measures. Ageand sex-adjusted associations were performed with partial correlations. Stepwise multiple
linear regression analysis was used to determine independent associations between pulse
pressure at 10-year in relation to change in specific CT-measured fat depots between
baseline and 5 years. The presence of multi-collinearity in multivariable models was
evaluated using the variance inflation factor, with a value >5 suggesting its presence. The
data were analyzed using SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA). A
two-sided p-value <0.05 was considered to indicate statistical significance.
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Baseline characteristics of the study subjects are shown in Table 1. Men weighed more and
had significantly greater BMI, systolic and diastolic BP, fasting plasma glucose, lower heart
rate and less favorable lipid profiles than women. Mean pulse pressure did not differ by sex.
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Table 2 shows the correlation between pulse pressure at 10 years and baseline and change
variables of interest. Age showed the highest correlation with future pulse pressure. Baseline
abdominal visceral and subcutaneous fat areas were positively associated with 10-year pulse
pressure, while change in abdominal subcutaneous fat area was inversely associated with
this outcome in unadjusted analysis. However, these associations were no longer statistically
significant after age and sex adjustment. Change in abdominal visceral fat area showed a
positive correlation with 10-year pulse pressure after age and sex adjustment (β=0.144,
p=0.016). In addition, systolic BP, pulse pressure, fasting plasma glucose, HOMA-IR, and
BMI at baseline were positively associated with 10-year pulse pressure in both unadjusted
and age- and sex-adjusted analyses.
We next examined multivariable models to determine whether baseline and 5-year change in
specific adipose depots independently predicted 10-year pulse pressure. Besides baseline age
and pulse pressure, 5 year change in abdominal visceral fat area was independently
associated with the future pulse pressure, adjusted for baseline age, sex, BMI, pulse
pressure, abdominal visceral and subcutaneous fat areas, and thigh subcutaneous fat area,
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and 5 year change in abdominal and thigh subcutaneous fat area (Table 3, model 1). This
relationship remained significant when further adjusted for smoking status, alcohol
consumption, physical activity, HOMA-IR, fasting plasma glucose, and change in BMI
(Table 3, models 2 & 3). The change at 5 years of neither abdominal nor thigh subcutaneous
fat area was significantly related to future pulse pressure, using the same covariates shown in
models 1–3 of Table 3 (data not shown). Fasting plasma glucose was also associated
positively with future pulse pressure. In addition, when we performed multivariable linear
regression analysis of the prediction of change in pulse pressure over 10 years instead of
pulse pressure at 10 years, the results were similar (Supplementary Table 1).
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A subset analysis was performed by excluding 11 subjects who initiated use of
antihypertensive or heart disease medications during follow-up that might have affected
pulse pressure and repeating the analyses that generated models 1–3 from Table 3. The 5year change in abdominal visceral fat area remained an independent predictor of 10-year
pulse pressure in this subset analysis (Supplementary Table 2).
We additionally examined the association between change in BMI from baseline to 5 years
and 10-year pulse pressure after adjustment for age, sex, baseline BMI, pulse pressure,
smoking status, alcohol consumption, physical activity, and did not find this to be
significantly associated with future pulse pressure (data not shown).

Discussion

Author Manuscript

These prospective data demonstrate that an increase of abdominal visceral fat over 5 years is
independently associated with increased pulse pressure at 10 years in Japanese Americans.
This association was not seen with abdominal or thigh subcutaneous fat. The association
between abdominal visceral fat area change and pulse pressure at 10 years could not be
explained by overall or regional adiposity measures, glycemia, insulin sensitivity, and
demographic or lifestyle factors included in regression models as covariates. Furthermore,
this association could not be explained by abdominal visceral fat area change simply arising
as a manifestation of overall BMI change, since we found no significant association between
5 year BMI change and 10-year pulse pressure.
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Research examining the importance of BP as a cardiovascular risk factor has largely focused
on assessing the effects of systolic and diastolic BP. However, when taken individually, these
measurements do not represent the pulsatile component of blood pressure recommended for
evaluating cardiovascular disease risk [33]. Greater pulse pressure has been associated with
a higher risk of cardiovascular events, such as myocardial infarction, heart failure, stroke,
and cardiovascular death in several population-based cohort studies [4, 6, 7, 34–36].
In this Japanese American population, we did not find an association between unadjusted
abdominal visceral fat change over 5 years and pulse pressure after 10 years, but a
significant association emerged for abdominal visceral fat change after adjustment for age
and other covariates, including CT measures of other fat depots as well as general obesity
assessed by BMI. These findings are consistent with the concept that visceral adiposity has a

J Hypertens. Author manuscript; available in PMC 2019 February 01.

Han et al.

Page 6

Author Manuscript

more important role in the development of arterial stiffness than other fat depots or an
overall adiposity measure such as BMI.
Recent cross-sectional studies have demonstrated that greater abdominal visceral adiposity is
associated with greater arterial stiffness independent of BMI in postmenopausal women with
type 2 diabetes [37]. Visceral fat volume was also shown to be an independent correlate of
arterial stiffness in severely obese subjects when controlling for subcutaneous fat volume
[38]. With regard to overall adiposity, a prospective study by Benetos et al. [39] did not find
BMI to be a significant determinant of arterial stiffness progression over 6-year follow-up in
normotensive subjects with a mean age similar to that of our study population. However, Orr
et al. [40] reported that weight gain increased large artery stiffness in young, nonobese men,
and furthermore, the increase in arterial stiffness was associated with the amount of
abdominal visceral fat gained independent of the amount of total body fat gained.
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Although previous studies have suggested that peripheral fat as opposed to central fat may
be favorably associated with less arterial stiffness, we did not find a negative association
between thigh subcutaneous fat and change in pulse pressure. The “protective” association
arose from cross-sectional research [23–25], and this may explain the difference between
these results and the results we present from our prospective analysis.

Author Manuscript

Age was the strongest predictor of pulse pressure in our population. This association can be
explained by the known association between older age and arterial stiffening which results in
higher pulse pressure, while in younger subjects the magnitude of pulse pressure is mainly
related to greater stroke volume [2]. Over 10 years, higher pulse pressure more likely
reflects increased arterial stiffness rather than alterations in stroke volume. Also, other
research has demonstrated a strong correlation between pulse pressure and pulse wave
velocity, which directly measures the arterial BP wave and is considered the most reliable
method of assessing arterial stiffness [41].
Consistent with previous research, in our study fasting plasma glucose was positively and
independently associated with the future pulse pressure. Cay et al. [42] showed that subjects
with impaired fasting glucose had significantly greater aortic pulse pressure compared with
those with normal fasting glucose. In addition, other work has demonstrated a positive
association between fasting plasma glucose levels with arterial stiffness in non-diabetic
subjects [43, 44].
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There are several possible mechanisms whereby an increase in abdominal visceral fat results
in increased pulse pressure. The insulin resistant state that commonly accompanies greater
visceral adiposity may induce endothelial dysfunction, stimulate proliferation of smooth
muscle cells, and cause an increase in collagen synthesis and protein cross-linking [45–47],
thereby increasing arterial stiffness. In our study, however, change in abdominal visceral fat
remained associated with future pulse pressure after adjusting for HOMA-IR and fasting
plasma glucose, implying that the influence of visceral adiposity on pulse pressure may be
independent of insulin resistance or hyperglycemia. Another postulated mechanism is
hypersecretion of components of the renin-angiotensin system more pronounced in visceral
than subcutaneous adipose tissue [48, 49]. In addition, elevated circulating free fatty acids
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and proinflammatory cytokines secreted from visceral fat may lead to vascular damage and
arterial stiffening [50].
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Our study has several potential limitations. First, because the subjects were Japanese
Americans, these results may not be generalizable to other ethnic groups. Second, although
pulse pressure was calculated from blood pressure measurements taken mainly by one
blinded observer with a standard protocol, it is possible that measurement error exists. Blood
pressure was measured in the recumbent position, not the currently advised sitting position.
Third, although we adjusted for known covariates, the potential for confounding by
unmeasured factors exists given the observational research design. Despite these limitations,
to our knowledge this is the first prospective study demonstrating that change in body fat
composition, determined by CT scan, predicts future pulse pressure. Specifically, increases
in abdominal visceral fat are associated with higher pulse pressure, independent of other
measured fat depots. None of these other fat depots was associated with future pulse
pressure.
In conclusion, our current findings provide novel evidence in support of the hypothesis that
accrual of visceral adipose tissue may contribute to cardiovascular disease through increased
arterial stiffness.
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Figure 1.

Flow diagram showing how subjects were selected for analysis
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Table 1

Author Manuscript

Baseline characteristics of the participants
Characteristics

Total (n = 284)

Men (n = 143)

Women (n = 141)

Age (years)

49.3 ± 11.5

49.0 ± 11.1

49.6 ± 11.9

0.640

Weight (kg)

62.4 ± 11.8

70.3 ± 9.3

54.5 ± 8.3

<0.001

BMI (kg/m2)

P value

23.8 ± 3.1

24.9 ± 2.8

22.6 ± 3.1

<0.001

Systolic BP (mmHg)

120.7 ± 10.2

123.5 ± 9.4

117.9 ± 10.2

<0.001

Diastolic BP (mmHg)

73.4 ± 7.6

76.0 ± 6.8

70.9 ± 7.5

<0.001

Pulse pressure (mmHg)

47.3 ± 7.5

47.5 ± 7.8

47.0 ± 7.2

0.584

Pulse rate (beats/min)

65.6 ± 8.0

63.1 ± 6.7

68.1 ± 8.4

<0.001

Current smoking (%)

42 (14.8)

22 (15.4)

20 (14.2)

0.776

Moderate alcohol consumption (%)

61 (21.5)

48 (33.6)

13 (9.2)

<0.001

Regular physical activity (%)

70 (24.6)

52 (36.4)

18 (12.8)

<0.001

Author Manuscript

Diabetes mellitus, n (%)

29 (10.2)

15 (10.5)

14 (9.9)

0.876

Fasting plasma glucose (mmol/l)

5.24 ± 1.11

5.50 ± 1.42

4.97 ± 0.57

<0.001

2-hour plasma glucose (mmol/l)

7.55 ± 2.91

7.68 ± 3.44

7.41 ± 2.26

0.657

Fasting insulin (pmol/l)

92.4 ± 45.0

88.4 ± 42.2

96.5 ± 47.4

0.119

HOMA-IR

3.08 ± 1.92

3.12 ± 2.10

3.04 ± 1.73

0.765

Total cholesterol (mmol/l)

5.78 ± 1.01

5.93 ± 1.02

5.62 ± 0.97

0.008

LDL cholesterol (mmol/l)

3.57 ± 0.89

3.82 ± 0.92

3.32 ± 0.77

<0.001

Triglycerides (mmol/l)

1.47 ± 1.24

1.73 ± 1.48

1.20 ± 0.88

<0.001

1.55 ± 0.44

1.35 ± 0.33

1.75 ± 0.44

<0.001

70.3 ± 43.5

83.0 ± 45.3

57.4 ± 37.6

<0.001

152.5 ± 73.7

131.9 ± 58.2

173.3 ± 81.7

<0.001

66.1 ± 32.6

46.2 ± 18.4

86.5 ± 31.3

<0.001

HDL cholesterol (mmol/l)
Abdominal visceral fat area

(cm2)

Abdominal subcutaneous fat area (cm2)
Thigh subcutaneous fat area

(cm2)

Author Manuscript

BMI, body mass index; BP, blood pressure, HOMA-IR, homeostasis model assessment-insulin resistance; HDL, high-density lipoprotein; LDL,
low-density lipoprotein. Data are presented as means ± standard deviation (SD) or %.
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Table 2

Author Manuscript

Correlations between pulse pressure at 10-year follow-up and age, hemodynamic, biochemical, and body
composition measures
Unadjusted

P

Age and sex
adjusted

P

Age (year)

0.628

<0.001

Systolic BP

0.383

<0.001

0.298

<0.001

Diastolic BP
Pulse pressure

0.097

0.104

0.059

0.321

0.421

<0.001

0.330

<0.001

Pulse rate
Fasting plasma glucose

0.024

0.693

0.054

0.368

0.325

<0.001

0.165

0.006

2-hour plasma glucose

0.304

<0.001

0.108

0.071

Fasting insulin

0.058

0.328

0.111

0.062

HOMA-IR*

0.147

0.013

0.144

0.015

Total cholesterol

0.243

<0.001

−0.002

0.967

LDL cholesterol

0.259

<0.001

0.070

0.245

Triglycerides

0.012

0.842

−0.017

0.780

HDL cholesterol

−0.018

0.759

−0.037

0.541

BMI

0.129

0.030

0.139

0.019

Abdominal visceral fat area

0.330

<0.001

0.092

0.121

Abdominal subcutaneous fat area

0.159

0.007

0.097

0.103

Thigh subcutaneous fat area

−0.071

0.231

0.008

0.900

Change in abdominal visceral fat area

0.046

0.436

0.144

0.016

Change in abdominal subcutaneous fat area

−0.164

0.006

0.019

0.756

Change in thigh subcutaneous fat area

0.116

0.051

0.111

0.065

Baseline:

Author Manuscript

Change from baseline to 5 years:

Author Manuscript

Data are expressed as standardized β. BMI, body mass index; BP, blood pressure, HOMA-IR, homeostasis model assessment-insulin resistance;
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*

Log-transformed values were used for statistical analysis.
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Table 3

Author Manuscript

Multivariable linear regression analysis of the prediction of pulse pressure at 10-year follow-up
β*

P value

Change in abdominal visceral fat area

0.131

0.003

Age

0.564

<0.001

Pulse pressure

0.276

<0.001

Change in abdominal visceral fat area

0.131

<0.001

Age

0.564

<0.001

Pulse pressure

0.276

<0.001

Change in abdominal visceral fat area

0.130

0.003

Age

0.529

<0.001

Pulse pressure

0.269

<0.001

Fasting plasma glucose

0.113

0.014

Variables
Model 1

Model 2

Model 3

Author Manuscript

*

Standardized β.

Model 1: adjusted for demographics, overall, and regional body composition (variables in the model - age, sex, BMI, pulse pressure at baseline,
baseline and changes in abdominal visceral fat area, abdominal subcutaneous fat area, and thigh subcutaneous fat area)
Model 2: Adjusted for variables included in Model 1 plus lifestyle behaviors (additional variables in the model - smoking, alcohol consumption,
and physical activity)
Model 3: Adjusted for variables included in Model 2 plus insulin sensitivity, glycemia, and change in overall adiposity (additional variables in the
model - HOMA-IR, fasting plasma glucose, and change in BMI)
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