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Effect of weight loss on central systolic blood pressure
in elderly community-dwelling persons

Ryuichi Kawamoto1,2, Katsuhiko Kohara3, Tateaki Katoh2,3, Tomo Kusunoki1,2, Nobuyuki Ohtsuka2,
Masanori Abe1, Teru Kumagi1 and Tetsuro Miki3

Central blood pressure (BP) has been shown to strongly associate with cardiovascular disease and outcome. Recent studies

have demonstrated a relationship between changes in body size by exercise training and peripheral BP; however, the effect on

changes in central BP is unknown. The aim of this study was to assess whether changes in body size are independently related

to changes in central BP in the elderly. The subjects were 11 men (mean age, 68±6 years) and 84 women (68±7 years) from

a rural village. Before and at the end of the 12-week training program, metabolic variables, and first peak radial systolic BP

(SBP1) and second peak radial SBP (SBP2) as estimates of central SBP, were obtained. Radial augmentation index (AI) was

calculated as follows: ((SBP2�diastolic BP (DBP))/(SBP1�DBP))�100 (%) and we used AI corrected at heart rate 75 per

min (AI@75). After the 12-week training program, weight loss correlated strongly with reduction in brachial mean arterial

pressure (MAP), radial SBP1, SBP2 and AI@75. After adjusting for confounding factors, weight loss was significantly and

independently associated with each reduction in brachial MAP (b¼0.34, P¼0.001), radial SBP1 (b¼0.31, P¼0.002), SBP2

(b¼0.37, Po0.001) and AI@75 (b¼0.36, P¼0.001). These findings suggest that weight loss by a 12-week training program

may be an effective strategy to improve central BP parameters among Japanese elderly persons.
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INTRODUCTION

Central blood pressure (BP) is different from peripheral BPs. Several
studies have demonstrated the superiority of central over traditional
peripheral BP in the prediction of cardiovascular disease and
outcome.1,2 Based on the results of studies that assessed central BP,
we can also distinguish the specific class-effect of antihypertensive
drugs on central BP beyond peripheral BP, as well as the potential
underlying hemodynamic mechanisms.3,4 Recently, an automated
device for estimating central BP has been introduced, namely,
Omron HEM-9000AI (Omron Healthcare, Kyoto, Japan),5,6 and the
use of this device has been proposed in Japan; the technical simplicity
and short sampling time of the method make it more feasible to
screen large populations compared with previous methods.5–7

Exercise training is recommended for lowering body weight and
peripheral BP because the relationship between body weight and
hypertension8,9 and the inverse relationship between physical
activity and hypertension10,11 are well-known. Increased body
weight, particularly abdominal fat, is an important factor of
aging12 that causes various cardiovascular abnormalities,13 including
hypertension.14 Exercise training improves body size in the
elderly.15,16 Recently, many studies have demonstrated a relationship
between changes in body size by exercise training and brachial BP;17

however, the effects of changes in body size by exercise training on
central BP are unknown. The current cross-sectional studies have
demonstrated that central BP is inversely correlated with obesity-
related factors (for example, increased body weight and abdominal
fat)18–20 and the effects of weight loss strategies on central BP are
controversial.21 In addition, few interventional studies in the elderly
have addressed whether changes in central BP are mediated by
changes in body size or metabolic profiles by exercise training.
The aim of the study was to evaluate whether the changes in body

size are independently related to changes in central BP and pulsatile
flow load as hemodynamic manifestations of arterial stiffness in the
elderly.

METHODS

Subjects
The present study was designed as a part of the Nomura study

(UMIN000010611). The study population was selected through a

community-based annual check-up process from the Nomura health and

welfare center in a rural town located in Ehime prefecture, Japan. Participants

were enrolled in the study by public health nurses at the health and welfare

center. Physical activity level of subjects, information on medical history,

present conditions and information on drugs used were obtained by interview.
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Candidates with cardiovascular diseases or any other major illnesses that could

affect the laboratory test results and exercise routine were excluded. The study

consisted of 95 subjects (11 men and 84 women) aged 68±7 (mean±s.d.)

years who were on antihypertensive medications (35.8%), lipid-lowering

medications (18.9%) and antidiabetic medications (15.8%). Treatments

remained unchanged during the intervention. No instructions on eating habits

or nutrition were provided and no dietary intervention was administered. The

study complies with the Declaration of Helsinki, and was approved by the

ethics committee of Ehime University School of Medicine with written

informed consent obtained from each subject.

Evaluation of risk factors
Information on demographic variables and risk factors was collected using the

clinical files at baseline and at the completion of 12 weeks of training. Body

mass index (BMI) was calculated by dividing weight (in kilograms) by the

square of the height (in meters). Triglycerides (TG), low-density lipoprotein

cholesterol (LDL cholesterol), high-density lipoprotein cholesterol (HDL

cholesterol), high sensitivity C-reactive protein (hsCRP), FPG (fasting plasma

glucose) and IRI (immunoreactive insulin) were measured during an overnight

fast of more than 11 h. Homeostasis of model assessment of insulin resistance

(HOMA-IR) was calculated from FPG and IRI levels using the following

formula: (FPG (mgdl�1)� IRI (mUml�1))/405.22

Estimation of pulse wave analysis
Measurements of the radial augmentation index (AI) were conducted after the

subjects had rested for at least 5min in the sitting position. Radial AI was

measured in the left radial artery using an automated tonometric method

(HEM-9000AI device; Omron Healthcare) in accordance with a previously

described methodology.5,23 Brachial BP was measured simultaneously in the

right brachium with an oscillometric device incorporated into the

HEM-9001AI, and the formula used to calculate mean arterial pressure

(MAP) was: MAP¼ ((2� diastolic BP (DBP))þ systolic BP (SBP)) /3. In

brief, the HEM-9000AI device is programmed to automatically determine the

pressure of the radial artery to yield the optimal radial arterial waveform.

Then, the first peak of radial SBP (SBP1, a marker of the peripheral SBP) and

the second peak of radial SBP (SBP2, a marker of the central SBP) are

calculated by calibration with the brachial SBP. The SBP1 is the first peak of the

peripheral SBP, combined waveform of the incident (ejected) wave and

reflected wave from hand, and the SBP 2 is the peak of the summation of

peripheral SBP and the reflected wave from the lower body24 (Figure 1). SBP1,

SBP2 and DBP values are automatically determined using the fourth

derivatives for each radial arterial waveform, and averaged. Pulse pressure

(PP) is obtained by the formula: PP¼ SBP�DBP. PP2 is also obtained as

SBP2�DBP.5–7 The radial AI, a marker of the central AI, is calculated as

follows: PP2/PP� 100 (%).5,23,25 In the analysis, we used AI corrected at heart

rate 75 per min (AI@75) because of a close (negative) link between AI and

heart frequency.

Exercise
Participants were required to take part in three instructor-led sessions per week

lasting 120min, for 12 weeks. Nordic walking is a unique fitness technique that

utilizes walking poles to involve the upper body in the exercise, in addition to

providing extra support.26 Participants were issued poles (KOMPERDELL,

Mondsee, Austria) and tutored on the correct technique for using the

equipment during the first week, dedicating 120-min sessions to the Nordic

walking technique. The pole length used for the Nordic walk was selected and

adjusted to permit smooth arm motion, based on the INWA formula

(0.68� body height (in cm)26), and to induce a near right-angle elbow

flexion upon pole landing.27 The Nordic walking training program was so

designed for the participants to be in the aerobic work zone throughout the

exercise. Assessment of postintervention dependent variables occurred within 1

week of the final walking session. Two participants dropped out as they were

unable to commit to the study and nine participants did not report for the

postintervention testing due to personal reasons. Ninety-five participants were

included in the final analysis. Before and at the end of the 12-week

intervention, functional tests and metabolic profiles were measured.

Statistical analysis
Data are presented as the mean±standard deviation (s.d.) unless otherwise

specified, and in the cases of parameters with nonnormal distributions (TG,

hsCRP and HOMA-IR) the data are shown as median (interquartile range)

values. In all the analyses, parameters with nonnormal distributions were used

after log-transformation. Statistical analysis was performed using IBM SPSS

Statistics Version 21 (Statistical Package for Social Science Japan, Tokyo,

Japan). Twelve-week changes in various factors and BP parameters were

calculated by subtracting the baseline values from those at 12 weeks.

Differences among baseline and follow-up findings were analyzed by paired

t-test. Partial Pearson’s correlation and stepwise multiple linear regression

analysis were used to estimate changes in the variables and BP parameters.

Analysis of covariance was performed using a general linear model approach to

determine the association between the confounding factors and BP parameters

in these analyses, BP parameters were the dependent variables, the three

categories of change in the confounding factors were the fixed factors and

significantly confounding factors were added as covariates. The Bonferroni

correction is a multiple-comparison correction used when statistical tests are

significant. Furthermore, to examine the consistency of the observed associa-

tion between change in variables and BP parameters, we performed subgroup

analyses by age (o68, X68 years as half of the number of participants),

Figure 1 Typical radial waveforms before and after a 12-week walking program in woman aged 62 years. The abbreviation SBP1 indicates the first peak

radial SBP (a marker of the peripheral SBP) and SBP2 indicates the second peak radial SBP (a marker of central SBP). The radial augmentation index (AI),

a marker of the central AI, was calculated as follows: (SBP2�DBP)/(SBP1�DBP)�100 (%). DBP, diastolic blood pressure; SBP, systolic blood pressure.
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BMI (o23, X23kgm�2 as below the normal BMI range and the individuals

are at increased risk of having metabolic syndrome28), and antihypertensive/

lipid-lowering/antidiabetic medication (absent, present). Interaction between

the change in variables and the subgroups was analyzed by a general linear

model. A P-value o0.05 was considered significant.

RESULTS

Overall, 95 participants (91%) completed the 12-week training
program and health examination. Baseline variables and the changes
at 12 weeks for the participants are shown in Table 1. Participants had
a mean body height of 151.4±7.3 (range, 136.0–174.5) cm and a
mean BMI of 24.4±3.1 (range, 18.7–33.4) kgm�2. Participants had
several cardiovascular risk factors, and baseline BMI, waist circum-
ference, LDL cholesterol, HOMA-IR and brachial BP were at the high
end of the normal ranges. After the 12-week training program, body
weight, BMI, waist circumference, HDL cholesterol, hsCRP and
HOMA-IR decreased significantly, whereas TG and LDL cholesterol
were unchanged. The training program significantly reduced their
brachial MAP, radial SBP1, radial SBP2 and radial AI@75 by a mean
of 4, 5, 6mmHg, and 2.3%, respectively.
Table 2 shows the relationship between change in body size and

changes in metabolic and BP parameters by the 12-week training
program. As expected, reductions in body weight and BMI correlated
significantly with decrease in TG (r¼ 0.34, P¼ 0.001; r¼ 0.29,
P¼ 0.005) and HOMA-IR (r¼ 0.49, Po0.001; r¼ 0.37, Po0.001)
(data not shown). They were also strongly correlated with changes in
brachial MAP, radial SBP1, SBP2 and AI@75. Figure 2 shows the
relationship between changes in body weight and BP parameters.
Change in body weight associated significantly with changes in

brachial MAP, radial SBP1, SBP2 and AI@75. In addition, changes
in TG also correlated significantly to changes in radial AI@75.
As shown in Table 3, after adjusting for gender, age, height,

antihypertensive medication, lipid-lowering medication, antidiabetic
medication and all significant variables in Table 2, which were
potential covariates, stepwise multivariate linear regression analysis
was used to evaluate the contribution of confounding factors for BP
parameters. In this analysis, reduction in body weight was signifi-
cantly and independently associated with each reduction in brachial
MAP, radial SBP1, SBP2 and AI@75.
For comparison between subjects with successful and unsuccessful

body weight reduction, Table 4 shows multivariate-adjusted changes
in BP parameters categorized by tertiles of change in body weight.
Multivariate-adjusted changes in brachial MAP, radial SBP1 and SBP2
showed greater reduction in the changes in body weight group of
p�2.5 kg (tertile-1) than those in the group ofX�1.3 kg (tertile-3).
Next, to control potential confounding factors by age, BMI and

antihypertensive/lipid-lowering/antidiabetic medication, the data were
further stratified by age, BMI and medication (Table 5). Each change
in body weight was significantly and similarly associated with
reduction in radial SBP2. The standardized coefficients for radial
SBP2 were significant in both groups. Thus, there were no significant
interactions between the two groups regarding those parameters.

DISCUSSION

After the 12-week training program, metabolic variables and BP
parameters improved significantly, and changes in body weight had
direct and positive effects on radial SBP2 and AI@75, which closely
correlated with central SBP5,6 as well as on radial SBP1 and brachial
MAP. Existing studies in elderly persons are generally few and
controversial because of age-related differences in the effect of
exercise training on BP.29 To the best of our knowledge, this is the
first study to have demonstrated that weight loss induces central SBP
reduction and may be a pathway by which exercise training improves
cardiovascular health in elderly persons. This occurred in the absence
of significant change to resting heart rate and suggests that Nordic
walking is beneficial to cardiovascular health in elderly individuals.
We found that the 12-week training program was associated

with marked improvements in body weight (�2.3 kg), hsCRP
(�0.040mgdl�1), HOMA-IR (�0.12), brachial SBP (�6mmHg),
brachial DBP (�3mmHg), brachial MAP (�4mmHg), radial SBP1
(�5mmHg), radial SBP2 (�6mmHg), and radial AI (�2.3%).
Indeed, several recent studies have shown that Nordic walking based-
physical activity interventions can achieve significant improvements in
body weight or BMI, risk factors for diabetes and cardiovascular
disease.30–32 Nordic walking leads to greater adaptations in the
cardiovascular and respiratory systems as well as additional benefits
in upper-body muscular strength,33 and it results in a significant
increase in oxygen use and energy consumption, compared with
regular walking without poles.34 Beck et al.35 demonstrated that both
resistance and endurance exercise effectively reduce central BP and AI
as well as peripheral arterial stiffness in prehypertensive subjects.
In overweight or obese individuals, Millen et al.36 reported that a
6-week exercise training, which improved cardiorespiratory fitness,
decreased brachial SBP and DBP from 142±8/94±8 to 134±11/
86±11mmHg (Po0.005/Po0.005) and aortic SBP from 132±8
to 124±12mmHg (Po0.002). Recent evidence suggested that a
6-mmHg reduction in SBP results in a 12.6%, 13.2% and 8.6%
decreased risk in ischemic heart disease, all cardiovascular diseases and
all-cause 16-year mortality, respectively.37 Therefore, the reductions in
peripheral and central SBP in our study may be clinically significant.

Table 1 Baseline and follow-up characteristics

Variable N¼95 Baseline Follow-up P-value

Body size parameter

Body weight (kg) 56.4±9.5 54.1±8.7 o0.001

Body mass index (kg m�2) 24.4±3.1 23.5±2.8 o0.001

Waist circumference (cm) 86.0±9.2 83.9±7.7 o0.001

Metabolic parameter

Triglycerides (mg dl�1) 95 (69–128) 99 (68–122) 0.57

LDL cholesterol (mg dl�1) 132±29 128±32 0.06

HDL cholesterol (mg dl�1) 66±15 64±15 0.002

High sensitivity CRP

(mg dl�1)

0.050 (0.030–

0.110)

0.040 (0.020–

0.080)

0.008

HOMA-IR 1.19 (0.83–2.02) 1.07 (0.72–1.48) 0.002

Peripheral blood pressure parameter

Heart rate (b.p.m.) 66±9 64±9 0.09

Brachial SBP (mmHg) 137±20 131±19 o0.001

Brachial DBP (mm Hg) 77±11 74±10 0.003

Brachial MAP (mm Hg) 97±12 93±11 o0.001

Radial SBP1 (mm Hg) 137±20 132±20 0.004

Central blood pressure parameter

Radial SBP2 (mm Hg) 134±21 128±22 0.003

Radial AI@75 (%) 91.4±9.8 89.1±8.2 0.020

Abbreviations: AI@75, augmentation index corrected at heart rate 75 per min; CRP, C-reactive
protein; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HOMA-IR, homeostasis of
model assessment of insulin resistance; LDL, low-density lipoprotein; MAP, mean arterial
pressure; SBP, systolic blood pressure; SBP1: first peak radial systolic blood pressure; SBP2:
second peak radial systolic blood pressure. Data are means±s.d. Data for triglycerides, high
sensitivity CRP, and HOMA-IR were skewed, presented as median (interquartile range) values,
and log-transformed for analysis. Statistical significance was assessed by paired t-test.
Significant P-values are indicated in bold.
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Table 2 Relationship between changes in characteristics and changes in blood pressure parameters after the 12-week training program

Dependent variable

DBrachial MAP DRadial SBP1 DRadial SBP2 DRadial AI@75

Independent variable N¼95 Partial r (P-value) Partial r (P-value) Partial r (P-value) Partial r (P-value)

Change in body size parameter

DBody weight 0.35 (0.001) 0.31 (0.003) 0.37 (o0.001) 0.32 (0.002)

DBody mass index 0.31 (0.003) 0.27 (0.011) 0.33 (0.002) 0.30 (0.004)

DWaist circumference 0.01 (0.95) 0.10 (0.37) 0.13 (0.24) 0.16 (0.14)

Change in metabolic parameter

DTriglycerides 0.20 (0.06) 0.12 (0.26) 0.18 (0.10) 0.27 (0.010)

DLDL cholesterol 0.21 (0.05) 0.06 (0.58) 0.02 (0.83) �0.02 (0.87)

DHDL cholesterol 0.17 (0.12) 0.16 (0.13) 0.11 (0.29) �0.11 (0.30)

DHigh sensitivity CRP �0.12 (0.25) �0.16 (0.13) �0.11 (0.29) 0.18 (0.10)

DHOMA-IR 0.19 (0.08) 0.16 (0.13) 0.17 (0.11) 0.13 (0.24)

Abbreviations: D, follow-up data�baseline data; AI@75, augmentation index corrected at heart rate 75 per min; CRP, C-reactive protein; HDL, high-density lipoprotein; HOMA-IR, homeostasis of
model assessment of insulin resistance; LDL, low-density lipoprotein; MAP, mean arterial pressure; r, Pearson’s correlation coefficientSBP1: first peak radial systolic blood pressure; SBP2:
second peak radial systolic blood pressure. Data are adjusted for gender, age, height, antihypertensive medication, lipid-lowering medication and antidiabetic medication. Significant P-values are
indicated in bold.

Figure 2 Relationship between changes in body weight and blood pressure parameters after the 12-week Nordic walking training program. The changes in

body weight correlated significantly with changes in brachial MAP (r¼0.34, P¼0.001), radial SBP1 (r¼0.31, P¼0.002), radial SBP2 (r¼0.37,

Po0.001) and AI@75 (r¼0.36, Po0.001). AI, augmentation index; MAP, mean arterial pressure; SBP, systolic blood pressure.

Weight loss and central systolic blood pressure
R Kawamoto et al

936

Hypertension Research



The precise mechanisms that lead to a reduction in central SBP in
individuals with weight loss are not completely understood. Brachial
SBP is mainly a product of forward wave pressure, whereas central
SBP is particularly influenced by pressure wave reflection, which in
turn increases with age and structural changes in arteries, and can
directly evaluate left ventricular afterload.38 Thus, arterial stiffness is a
major determinant of central SBP as well as left ventricular afterload
and oxygen requirements and damaging stresses on arterial walls.39

Higashino et al.40 demonstrated that central SBP was significantly
decreased following weight loss by 12-week lifestyle modification, and
there was a significant correlation between the change in central SBP
and that in arterial stiffness in overweight and obese men. Only a
few studies have evaluated mechanisms other than BP reduction by
which weight loss may reduce arterial stiffness, which is the primary
reflect of central SBP and AI@75. Endurance and strength training
(for example, Nordic walking) have well-known cardiovascular
adaptations and lead to hypertrophy and increased capillary density
in the muscles.14 This improvement might be caused by the
improvement in endothelial function, as assessed by a decrease in
endothelin-1, changes in local renin-angiotensin-aldosterone system
activity, and an increase in nitric oxide levels and improvements

in sympathovagal balance, after exercise training-induced weight
loss.41,42 In addition, high-intensity resistance training has shown
that changes in central SBP are positively correlated with changes in
oxidized LDL and soluble E-selectin in overweight or obese subjects.43

Tycho Vuurmans et al.44 found that weight loss may partly trigger a
decrease in circulating blood volume subsequent to the improvement
in AI.
Some limitations of this study must be considered. First, a 12-week

program may potentially be too brief for evaluating the effects of
walking training on BP parameters. Long-term studies of similar
exercise intensity and frequency are warranted to elucidate whether
Nordic walking may be a sustainable mode of exercise. Second, the
daily physical activity of participants in our study, before entry and
during the study, was not controlled or matched. Third, although we
have comprehensively adjusted for confounders such as gender, age,
body sizes, lipids, markers of inflammation (for example, hsCRP) and
HOMA-IR in the association of BP parameters, other important
parameters such as markers of endothelial dysfunction are absent.
Fourth, we could not eliminate possible effects of the underlying
diseases and medication, especially antihypertensive and lipid-
lowering medication use, on the results. Comparison of participants
taking medication with those not taking medication revealed that
there were no differences regarding effect of weight loss on change in
radial SBP2. Fifth, we measured brachial BP on the right upper arm
and arterial waveform on the left radial artery based on mechanical
directions. Thus, we could not eliminate possible effects of arterial
stenosis. Sixth, this study is not a randomized study, which is a weak
point. Therefore the demographics and referral source may limit
generalizability. These points need to be addressed again in a large
population-based randomized sample in a prospective manner.
In conclusion, the results of this study suggest that weight loss by a

12-week training program may be an effective strategy to improve BP
parameters among Japanese elderly persons. It is also possible that
elderly patients are likely to have the greatest improvements in central
SBP from clinical interventions that are focused on weight loss, which
induces central SBP reduction.
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Table 3 Relationship between changes in characteristics and

changes in blood pressure parameters after the 12-week training

program

Dependent variable

Independent

variable

DBrachial

MAP DRadial SBP1 DRadial SBP2 DRadial AI@75

N¼95 b (P-value) b (P-value) b (P-value) b (P-value)

DBody weight 0.34 (0.001) 0.31 (0.002) 0.37 (o0.001) 0.36 (0.001)

R2 0.116 (0.001) 0.095 (0.002) 0.139 (o0.001) 0.129 (o0.001)

Abbreviations: D, follow-up data�baseline data; AI@75, augmentation index corrected at heart
rate 75 per min; b, standardized coefficient; MAP, mean arterial pressure; R2, coefficient of
determination; SBP1: first peak radial systolic blood pressure; SBP2: second peak radial
systolic blood pressure. Data are adjusted for gender, age, height, antihypertensive medication,
lipid-lowering medication, antidiabetic medication and all significant variables in Table 2 by
stepwise multiple linear regression analysis. Significant P-values are indicated in bold.

Table 4 Adjusted changes in blood pressure parameters categorized

by tertiles of changes in body weight

Dependent variable (mmHg)

Change in body

weight N¼95

DBrachial

MAP

DRadial

SBP1 DRadial SBP2

DRadial

AI@75

Tertile-1: �7.2 to

�2.5kg

�8.4±1.5a,

b

�12.6±2,8a �15.0±3.0a,

b

�5.5±1.6

Tertile-2: �2.4 to

�1.3kg

�1.6±1.6 �2.8±3.0 �2.0±3.2 �1.4±1.8

Tertile-3: �1.3 to

0.9 kg

�0.4±1.5 0.6±2.9 0.7±3.1 �0.3±1.7

P-value o0.001 0.004 0.001 0.06

Abbreviations: D, follow-up data�baseline data; AI@75, augmentation index corrected at heart
rate 75 per min; MAP, mean arterial pressure; SBP1: first peak radial systolic blood pressure;
SBP2: second peak radial systolic blood pressure.
aPo0.005 versus tertile-3.
bPo0.05 versus tertile-2.
Data are means±s.e.m. Data are adjusted for significant variables in Table 3. Statistical
significance was assessed by analysis of covariance. Post hoc analysis performed by Bonferroni.
Significant P-values are indicated in bold.

Table 5 Relationship between changes in body weight and second

peak radial systolic blood pressure after the 12-week training

program within selected subgroups

DBody weight

Baseline variable N¼95 b (P-value) P-interaction

Age

o68 years N¼49 0.38 (0.007) 0.21

X68 years N¼46 0.40 (0.007)

Body mass index

o23kg m�2 N¼34 0.55 (0.001) 0.22

X23kg m�2 N¼61 0.33 (0.009)

Medication

Absence N¼48 0.45 (0.001) 0.94

Presence N¼47 0.36 (0.014)

D indicates follow-up data�baseline data. Medication includes antihypertensive medication,
lipid-lowering medication and antidiabetic medication. Statistical significance was assessed by
analysis of covariance.
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