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Influence of Leisure-Time Physical Activity on the
Relationship between C-Reactive Protein and
Hypertension in a Community-Based Elderly
Population of Japan: The Tsurugaya Project

Kaijun NIU, Atsushi HOZAWA*** Kazuki FUJITA*** Kaorit OHMORI*,
Mitsuharu OKUTSU, Shinichi KURITYAMA?*, Ichiro TSUJI*, and Ryoichi NAGATOMI

There are several studies indicating an association between C-reactive protein (CRP) and blood pressure
(BP) in the Japanese population, but the influence of physical activity has not been considered. Therefore,
we designed a cross-sectional survey to determine whether leisure-time physical activity (LTPA) modifies
the relation between CRP and hypertension among Japanese elderly. Our study population comprised 643
subjects aged 70 years and over in whom CRP, home BP, and self-reported LTPA were measured. LPTA was
categorized into three levels of intensity—walking, brisk walking, and sports—and a questionnaire was used
to estimate the level in each patient. Hypertension was defined as a home systolic BP of 135 mmHg or over
and/or home diastolic BP of 85 mmHg or over or current use of antihypertensive agents. LTPA levels were
associated with both CRP and hypertension. After adjustment for factors affecting CRP and hypertension,
and additional adjustment for LTPA levels, the odds ratio (95% confidence interval) of hypertension by CRP
was 2.21 (range: 1.33-3.72), 1.99 (1.17-3.42), and 2.38 (1.36—4.21) times higher in subjects in the second,
third, and fourth quartiles of CRP, as compared to subjects in the first quartile, respectively. A multiple
regression model showed a positive and significant relation between log-transformed CRP and systolic BP
after adjustment for potential confounding factors when participants taking antihypertensive medication
were excluded. This is the first study to clarify that the positive significant relation between CRP and hyper-
tension was independent of LTPA levels among Japanese elderly. (Hypertens Res 2005; 28: 747-754)
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Introduction

C-reactive protein (CRP) is a classical acute-phase marker
and a member of the pentraxin family of innate immune
response proteins (/, 2). The concentration of CRP in serum
is generally less than 2 pug/ml but increases by as much as
1,000-fold in response to stimuli such as tissue injury or
inflammation (3). Following removal of the inflammatory
stimulus, CRP levels decline rapidly. These features have
made CRP useful as a clinical marker of an inflammatory pro-
cess. Over the last several years, increasing evidence has sug-
gested that inflammation mechanisms are important in the
pathophysiology of hypertension (4—7). Furthermore, several
studies have shown that serum CRP levels are associated with
the development of hypertension (8, 9).

At the same time, numerous studies have indicated that
physical activity (PA), including leisure-time physical activ-
ity (LTPA), is inversely related to the prevalence of hyperten-
sion (10, 11) or serum concentration of CRP (/2—-179). A more
recent study has also demonstrated that inflammatory mark-
ers including CRP were lower in older adults with higher lev-
els of exercise and non-exercise PA (7/2). Considering these
studies together, it is natural to assume that PA would be a
potent modifier of the relationship between CRP and hyper-
tension. But to our knowledge, there are only three reports
that have investigated the relationship between CRP and
hypertension adjusted for the effect of PA (20-22), and their
results are inconsistent. Furthermore, although there have
been several studies that indicated an association between
serum CRP level and blood pressure (BP) in Japanese, the
influence of PA on this relationship has not been considered
(23-27). Therefore, we considered that it would be worth-
while to examine whether the relation between CRP and
hypertension is dependent of LTPA, and designed the present
cross-sectional analysis in Japanese community-dwelling eld-
erly individuals for this purpose.

Methods

Study Participants

Our study population was comprised of subjects aged 70
years and older who were living in the Tsurugaya area of Sen-
dai, one of the major cities in the Tohoku area of Japan. At the
time of the study in 2002, there were 2,730 individuals aged
70 years and older living in Tsurugaya. We invited all of these
individuals to participate in a comprehensive geriatric assess-
ment, which included medical status, physical function, cog-
nitive function and dental status, and 1,178 of them did so,
giving their informed consent for analysis of the data. The
protocol of this study was approved by the Institutional
Review Board of Tohoku University Graduate School of
Medicine.

We excluded subjects whose high-sensitivity CRP had not

been measured (n=29). Since we assessed hypertension using
self-measured BP at home (home blood pressure [HBP]) data,
subjects who did not measure HBP data more than 3 days dur-
ing the 4-week study period were also excluded (n=182).
This criterion was based on our previous observation that
average BP values for the first 3 days did not differ signifi-
cantly from those obtained during the entire study period (26,
29). We also excluded those subjects whose serum CRP con-
centrations were higher than 10.0 mg/1 (n=24), because those
with acute inflammatory conditions were frequently found to
have serum CRP levels >10.0 mg/l (30). Furthermore, we
excluded subjects who did not complete the questionnaire
items on LTPA (n=109). Finally, we excluded all potential
subjects with notable comorbidity factors that might influ-
ence the frequency and degree of PA by a self-reported
decline of physical function using the Medical Outcome
Study (317) (physical functioning score <1; n="77) or arthritis
(n=114). As a result of these exclusions, the final study pop-
ulation comprised 643 subjects (mean age, 75.5+4.4 years;
men: 48.5%).

Measurements

Anthropometric measures (height, body weight) were
recorded by a standardized protocol. HBP was measured with
an HEM747IC device (Omron Life Science Co., Ltd., Tokyo,
Japan), which uses the cuff-oscillometric method to generate
a digital display of systolic and diastolic blood pressures
(SBP and DBP). This device has been validated previously,
and satisfies the criteria of the Association for the Advance-
ment of Medical Instrumentation (32). We used the following
procedure to ascertain the accuracy of the HBP measurement.
First, physicians informed the population about HBP record-
ing and taught them how to measure their own BP. The daily
measurement was made within 1 h of awakening and before
breakfast, with the subject seated and having rested for at
least 2 min. In subjects receiving antihypertensive drugs,
HBP was measured before taking the drugs. The HBP of an
individual was defined as the mean of all measurements
obtained for that person. The mean (£SD) number of HBP
measurements was 15.94+10.5 (range, 3—49).

Blood samples were drawn from the antecubital vein of the
seated subject with minimal tourniquet use. Specimens were
collected in siliconized vacuum glass tubes containing
sodium fluoride for blood glucose, and no additives for lipids
and CRP analyses.

Total cholesterol (T-C), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C) levels and blood glucose
levels were measured by enzymatic methods (T-C, Denka
Seiken, Tokyo, Japan; TG, Kyowa Medex, Tokyo, Japan;
HDL-C, Daiichi Pure Chemicals, Tokyo, Japan; blood glu-
cose, Shino-Test, Tokyo, Japan). Serum uric acid levels were
determined according to a uricase method (33) with the
Olympus autoanalyzer AU-5000 (Olympus Corp., Tokyo,
Japan).



Table 1. Definition of Physical Activity Level
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Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

N 147 131 148 71 80 66
Walking None Low High Any Any Any
Brisk walking None None None Low High Any
Sports None None None None None Low and High
Walking (N)

None 147 0 0 25 49 30

Low 0 131 0 21 2 19

High 0 0 148 25 29 17
Brisk walking (V)

None 147 131 148 0 0 41

Low 0 0 0 71 0 12

High 0 0 0 0 80 13
Sports (N)

None 147 131 148 71 80 0

Low 0 0 0 0 0 58

High 0 0 0 0 0 8

High: at least 3—4 times per week for at least 30 min each time; Low: reporting some activity in the past year, but not enough to meet
high levels; None: no leisure-time physical activity. N: number of subjects.

CRP levels were determined using an immunotechnique on
a Behring BN II analyzer (Dade Behring, Tokyo, Japan). The
BN II high-sensitivity assay utilizes a monoclonal antibody
coated on polystyrene particles and fixed-time kinetic
nephelometric measurements (34). The BN II nephelometer
uses a 1:400 dilution to measure CRP concentrations between
3.5 and 210 mg/l. The assay has been approved by the US
Food and Drug Administration for use in assessing the risk of
cardiovascular and peripheral vascular disease.

Questionnaire of LTPA

LTPA was measured through a self-reported single-item
question and corresponding response sets. The question asked
whether the subject had performed any activities from the fol-
lowing categories in the previous 12 months: walking, brisk
walking, or sports (e.g., aerobics, tennis, swimming, jogging,
etc.). If they had participated in a given activity, the frequency
and duration spent in the activity were ascertained using the
following categories: for frequency, 1) 1-2 times per month,
2) 1-2 times per week, 3) 3—4 times per week, or 4) almost
every day; and for duration (per walk or workout), 1) 0-30
min, 2) 0.5-1h,3) 1-2h,4)2-3 h, 5) 3—4 h, or 6) 4 h or more.

Statistical Analysis

Hypertension was defined as a home SBP of 135 mmHg or
over and/or a home DBP of 85 mmHg or over or using anti-
hypertensive agents (35, 36). Based on the recently proposed
cutoff point for CRP, we also categorized the study partici-
pants as having a low (less than 1.0 mg/l) or high level (at
least 1.0 mg/l) of CRP (37, 38). The high-sensitivity CRP

value (ng/ml) was used for calculating the log-transformed
CRP.

Among the levels of exercise intensity, sports were consid-
ered the highest, followed in order by brisk walking and walk-
ing. Each of the three types was further classified into three
subcategories according to the frequency and duration of the
walks or workouts as follows (71, 39): 1) High, at least 3—4
times per week for at least 30 min each time; 2) Low, some
activity in the past year, but not enough to meet the criteria for
the high group; and 3) None, no LTPA. Finally, we used these
categories and subcategories to define the following six levels
of LTPA (Table 1): 1) Level 1, no sports, no brisk walking, no
walking; 2) Level 2, no sports, no brisk walking, low amount
of walking; 3) Level 3, no sports, no brisk walking, high
amount of walking; 4) Level 4, no sports, low amount of brisk
walking, any amount of walking; 5) Level 5, no sports, high
amount of brisk walking, any amount of walking; 6) Level 6,
any amount of sports, any amount of brisk walking, any
amount of walking. Since only 8 subjects reported participat-
ing in a high amount of sports activity, we combined high-
and low-level sports activity into a single category. Table 1
also shows the number of participants according to the LTPA
levels.

Diabetes was defined as a free blood glucose level of 200
mg/dl or over or current use of antidiabetic medication.
Hypercholesterolemia was defined as a level of total choles-
terol of 220 mg/dl or over, or current use of non-statin lipid-
lowering agents. Gout was defined as a serum uric acid level
of 7.0 mg/dl or over or current use of antihyperuricemic med-
ication. Information on smoking status, drinking status and
histories of prior cardiovascular diseases (CVD) were
obtained from the questionnaire survey. Current drinkers
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Table 2. Association between High Sensitive C-Reactive Protein Levels and Cardiovascular Disease Risk Factors

C-reactive protein (mg/l)

p value
0.05-0.27 0.28-0.54 0.55-1.16 1.17-9.96

No. of participants 160 161 161 161
Age (years) 75.2t4.4 75.614.1 75.8+4.8 75.2+£4.5 0.51
Sex (male %) 41.9 49.1 51.6 51.6 0.26
BMI (kg/m?) 22.0£3.1 23.54+2.9 24.3£3.0 25.0£3.3 <0.01
Hypertension (%) 54.4 75.2 75.8 79.5 <0.01
SBP (mmHg) 132.7+18.4 139.2£17.2 141.6£18.8 144.6+19.1 <0.01
DBP (mmHg) 74.7£9.0 76.3£10.0 77.9+£9.4 79.1£9.8 <0.01
Hypercholesterolemia (%) 30.0 335 36.7 38.5 0.40
HDL-C (mg/dl) 60.8+£14.5 55.9+13.5 53.8+£13.3 52.2+143 <0.01
Diabetes (%) 3.1 8.7 11.8 13.7 <0.01
Gout (%) 10.0 16.8 17.4 25.5 <0.01
Smoker

Current smoker (%) 11.3 14.3 12.4 18.0 0.32

Ex-smoker (%) 22.5 323 37.2 373 0.01

Non-smoker (%) 63.1 52.8 48.5 44.7 <0.01
Alcohol consumption (g) 11.8£29.3 12.7£32.7 13.5+£28.7 11.94+24.2 0.95
Use of statin drugs (%) 13.8 16.8 21.1 17.4 0.38
Use of aspirin drugs (%) 5.0 10.6 10.6 13.7 0.07
History of CVD (%) 11.9 14.9 143 19.3 0.02

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein-cholesterol; CVD,
cardiovascular diseases. Variables are pressented as mean+SD. Hypertension: home SBP 135 mmHg or over and/or home DBP 85
mmHg or over or using antihypertensive agents.

Table 3. Correlation between Physical Activity and Blood Pressure or C-Reactive Protein

Physical activity
p for trend
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

Walking None Low High Any Any Any
Brisk walking None None None Low High Any
Sports None None None None None Low and High
N (total: 643) 147 131 148 71 80 66
Hypertension (%) 75.5 77.9 74.3 69.0 57.5 60.6 <0.01
SBP (mmHg) 142.6+1.5 142.1+1.6 139.3£1.5 136.6+2.2 137.0£2.1 1344423 0.13
DBP (mmHg) 78.1+£0.8  77.9£0.8 76.4£0.8 76.9+1.1 75.7+1.1 75.8%£1.2 0.12
log-hsCRP (ng/ml)  6.5+0.1 6.5+0.1 6.310.1 6.3+0.1 6.2+0.1 6.210.1 0.14
High-CRP (%) 36.1 30.5 27.0 28.2 22.5 21.2 <0.01
Odds ratio (95% CI)

Hypertension™® 1.00  1.09 (0.61-1.96) 0.97 (0.56—1.67) 0.89 (0.47—1.73) 0.53 (0.29-0.97) 0.62 (0.33—-1.19) 0.02

High-CRP* 1.00  0.70 (0.41-1.20) 0.64 (0.38-1.08) 0.70 (0.36—1.34) 0.57 (0.29—-1.10) 0.49 (0.24—0.98) 0.04

N: number of subjects. SBP, systolic blood pressure; DBP, diastolic blood pressure; log-hsCRP, log-transformed high sensitivity C-reac-
tive protein (CRP); CI, confidence interval. Variables are pressented as meant£SD. High-CRP: CRP>1.0 mg/l. *Adjusted for age, sex,
body mass index, and smoking status. High: at least 3—4 times per week for at least 30 min each time; Low: reporting some activity in
the past year, but not enough to meet high levels; None: no leisure-time physical activity.

were further asked about drinking frequency, beverage types reported to lower CRP levels (40, 41). The drug information

usually consumed, and amount consumed on a single occa- was confirmed by a well-trained pharmacist.
sion. From these responses, we calculated the average daily The clinical and biochemical data of the subjects are pre-
alcohol consumption in g. We also treated statin agents as sented as the means£SD, or as the median and interquartile

independent confounding factors because they have been range for variables with a skewed distribution or percentages.
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Table 4. Adjusted Relationships of High Sensitive C-Reactive Protein Levels (Quartile) to Hypertension

Level of C-reactive protein (mg/l)

p for trend
0.05-0.27 0.28-0.54 0.55-1.16 1.17-9.96
All
N (total: 643) 160 161 161 161 —
N of hypertensives 87 121 122 128 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 2.57 (1.60-4.18) 2.67 (1.66-4.35) 3.41 (2.08-5.67) <0.01
Multiple adjusted* 1.00 226 (1.36-3.78) 2.05(1.21-3.50) 2.45(1.41-4.31) 0.03
Multiple* and PA levels adjusted 1.00 2.21(1.33-3.72) 1.99(1.17-3.42) 2.38 (1.36—4.21) 0.04
Level of C-reactive protein (mg/l)
p for trend
0.05-0.29 0.30-0.57 0.58-1.34 1.35-9.96
Participants without brisk walking or sports activity
N (total: 426) 106 107 106 107 —
N of hypertensives 64 86 84 89 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 2.81 (1.52-5.32) 2.60(1.42-4.89) 3.38 (1.80-6.55) <0.01
Multiple adjusted* 1.00 2.46 (1.28-4.86) 1.98 (1.00-3.96) 2.48 (1.21-5.19) 0.11
Level of C-reactive protein (mg/l)
p for trend
0.05-0.23 0.24-0.51 0.52-0.93 0.94-9.25
Participants with sports or brisk walking activity
N (total: 217) 53 55 54 55 —
N of hypertensives 25 31 38 41 —
Odds ratio (95% CI)
Age- and sex-adjusted 1.00 1.52 (0.71-3.33) 2.85(1.28-6.51) 3.52 (1.56-8.27) <0.01
Multiple adjusted* 1.00 1.30 (0.57-2.98) 2.00 (0.81-5.00) 2.67 (1.06—6.94) 0.04

N: number of subjects. PA, physical activity; CI, confidence interval. *Adjusted for age, sex, body mass index, hypercholesterolemia,
high-density lipoprotein-cholesterol, gout, history of cardiovascular diseases, diabetes, smoking, alcohol consumption, use of aspirin,

Differences in variables among the CRP groups were exam-
ined by analysis of variance (ANOVA) for continuous vari-
ables, or by the y* test for variables of proportion. Multiple
logistic regression analysis and analysis of covariance
(ANCOVA) were used to examine the relation of LTPA with
hypertension, SBP, DBP, log-transformed CRP and high-
CRP (=1.0 mg/1) after adjustment for age, gender, body mass
index (BMI), and smoking status. p values for linear trends
were calculated using the level of LTPA as a continuous vari-
able. The odds ratio (OR) and 95% confidence interval (CI) of
hypertension for increasing CRP levels with the lowest level
as the reference was also calculated using multiple logistic
regression analysis. When we calculated the OR, we used an
age-sex adjusted model and a multivariate model adjusted for
age, sex, BMI, hypercholesterolemia, HDL-C, gout, history
of CVD, diabetes, smoking habits/history, alcohol consump-
tion, use of aspirin, and use of statin drugs; the final multivari-
able model was further adjusted for LTPA levels. p values for
linear trends were calculated using the median (mg/l) of CRP
levels. Multiple linear regression analysis was used to estab-
lish the relationship between BP and CRP after adjustment for
age, gender, BMI, hypercholesterolemia, HDL-C, gout, his-
tory of CVD, diabetes, smoking, alcohol consumption, and

LTPA levels in the subjects who were not using antihyperten-
sive agents, aspirin, and statin drugs. Values of p<0.05 were
considered to indicate statistical significance. All statistical
analyses were performed using the Statistical Analysis Sys-
tem (version 9.1 for Windows; SAS Institute Inc., Cary,
USA).

Results

Association between High-Sensitivity CRP Lev-
els and Cardiovascular Disease Risk Factors

Table 2 shows the association between high-sensitivity CRP
levels (quartile) and CVD risk factors. Both SBP and DBP
were significantly higher in the highest CRP quartiles. BMI
was also significantly higher in the highest CRP quartile and
the mean HDL-C was lower in the highest CRP quartile.
Mean age and alcohol consumption did not significantly dif-
fer among the CRP groups. The proportion of subjects with
hypertension, diabetes, gout, history of smoking (i.e., ex-
smokers), and subjects with a history of CVD was larger in
the highest CRP quartile. The proportion of subjects with no
history of smoking was significantly smaller in the lowest
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Table 5. Results of Multivariate Modelling for log-Trans-
formed C-Reactive Protein

log-CRP (ng/ml) (n=318)

B coefficient (SEM) p value
SBP 0.008 (0.003) <0.01
Age 0.013 (0.014) 0.34
Sex -0.086 (0.183) 0.64
BMI 0.090 (0.020) <0.01
Hypercholesterolemia ~ 0.275 (0.126) 0.03
HDL-C -0.009 (0.005) 0.06
Gout 0.242 (0.170) 0.16
History of CVD -0.114 (0.218) 0.60
Diabetes 0.241 (0.207) 0.25
Current smoker 0.492 (0.200) 0.01
Ex-smoker 0.291 (0.183) 0.11
Alcohol consumption  -0.003 (0.002) 0.20
PA Level 2 -0.038 (0.180) 0.83
PA Level 3 -0.237 (0.169) 0.16
PA Level 4 -0.287 (0.202) 0.16
PA Level 5 -0.096 (0.186) 0.61
PA Level 6 -0.073 (0.206) 0.72

log-CRP, log-transformed C-reactive protein; SBP, systolic
blood pressure; BMI, body mass index; HDL-C, high-density
lipoprotein-cholesterol; CVD, cardiovascular diseases; PA, phys-
ical activity.

CRP quartile. The gender ratio, the number of current smok-
ers, and the rates of hypercholesterolemia, statin user, and
aspirin use did not differ significantly among the CRP groups.

Correlation between LTPA Levels and BP or CRP

Table 3 shows the relationship between LTPA levels and the
prevalence of hypertension, SBP, DBP, log-transformed high
sensitivity CRP, or high-CRP after adjustment for age, gen-
der, BMI and smoking status. In the crude model, increasing
PA levels showed a significant inverse relationship with both
the prevalence of hypertension (p for trend <0.01) and high-
CRP (p for trend <0.01). Even after the adjustment for sex,
age, BMI and smoking status, the significant inverse relation
between PA levels and hypertension or high-CRP was
unchanged (p for trend =0.02 and 0.04, respectively).

Relationships between High-Sensitivity CRP Lev-
els (Quartile) and Hypertension

Adjusted relationships between CRP levels (quartile) and the
prevalence of hypertension are shown in Table 4. The age-
and sex-adjusted OR of hypertension increased from the low-
est (reference) to the highest CRP quartiles in all subjects.
These results were somewhat attenuated when we adjusted
for other potential confounders: the ORs for hypertension of
the second, third, and fourth CRP quartiles were 2.26 (95%

CI: 1.36-3.78, p<0.01), 2.05 (95% CI: 1.21-3.50, p<0.01),
and 2.45 (95% CI: 1.41-4.31, p<0.01), compared with the
first group as a reference, and the frequency of hypertension
was significantly higher in the high CRP group. When we
additionally adjusted for the LTPA levels, which are potential
confounding factors, the significantly positive association
was unchanged: the ORs for hypertension of the second,
third, and fourth CRP quartiles were 2.21 (1.33-3.72), 1.99
(1.17-3.42), and 2.38 (1.36—4.21), respectively. We also ana-
lyzed the relation between the CRP quartiles adjusted for
hypertension and the subgroups, i.e., participants who partic-
ipated in sports or brisk walking (LTPA levels 4—6) and those
who did not (LTPA levels 1-3). The relations between CRP
and hypertension were mostly identical among these sub-
groups (p for interaction =0.95).

Multiple Regression Model Analysis of the Rela-
tionship between log-Transformed CRP and BP

To confirm the relationship between CRP and SBP values, we
performed a multiple regression analysis among subjects who
did not use antihypertensive medication, aspirin, or statin
drugs. The multiple regression model showed a positive and
significant relationship between log-transformed CRP and
SBP after adjustment for potential confounding factors,
including LTPA levels (Table 5). The SBP distinctly showed
a significant relationship with log-transformed CRP
(»<0.01). BMI, hypercholesterolemia, and current smoking
were also positively related to log-transformed CRP. There
was no significant interaction between LTPA levels and SBP
for log-transformed CRP values (p for interaction =0.63).

Discussion

Hypertension is one of the most important modifiable risk
factors for CVD in Western and Asian populations (42, 43). It
is well known that lifestyle changes (e.g., diet, weight loss,
exercise and smoking cessation, etc.) can reduce cardiovascu-
lar risk; in particular, regular PA reduces coronary and cardio-
vascular morbidity and mortality, independently from the
other risk factors (44, 45). PA is one of the most important
independent contributors to the prevalence of hypertension
(10, 11). In this cross-sectional survey of Japanese commu-
nity-dwelling elderly individuals, we found LTPA levels in
daily life were inversely correlated with both serum CRP and
the prevalence of hypertension.

Since the LTPA level was inversely related with both CRP
and the prevalence of hypertension, we tested our hypothesis
that the relation between CRP and hypertension would be
dependent of LTPA levels. However, the positive significant
relation between CRP and hypertension remained even after
adjustment for the LTPA levels. Furthermore, there was a
strong relation between the CRP and SBP values that was
independent of the LTPA level among participants not taking
antihypertensive or statin drugs or aspirin. Thus, we were able



to conclude for the first time that the relation between CRP
and hypertension was independent of LTPA levels in a Japa-
nese elderly population.

Several prospective studies have employed the amount of
subjects’ PA as one of the confounding factors in their multi-
variate analysis of the causal relationship between serum CRP
and the development of hypertension and/or metabolic syn-
drome (20-22). In two of these studies (27, 22), the amount of
exercise did not attenuate the relationship between CRP and
BP. The third prospective cohort study (20) also considered
the influence of PA on the relation between CRP and BP, but
in contrast to the other two studies, the results indicated that
CRP was not a significant predictor of the development of
hypertension or other metabolic syndromes. Although the
reason for these discrepancies remains unclear, our data are
similar to the first two studies, which indicated that CRP may
be related to hypertension independent of PA levels.

In this study, we used HBP measurement. HBP makes it
possible to obtain multiple measurements over a long obser-
vation period under relatively controlled conditions (46, 47).
It has been reported that multiple measurements eliminate
observer bias and regression dilution bias; therefore, HBP
measurements are more reliable than conventional BP mea-
surements taken in medical settings (office BP) (46—48). We
also adjusted for a considerable number of confounding fac-
tors. In this way, we were able to confirm the positive and sig-
nificant relation between log-transformed CRP and SBP in
subjects who were not using antihypertensive agents.

This study had several limitations. First, most of the partic-
ipants were sufficiently active to participate in the survey.
Therefore, we lacked the participation of those who were
physically dependent or disabled due to metabolic syndromes
or hypertension, leading to underestimation of the relation
between CRP and hypertension. Second, since this study was
a cross-sectional study, we could not conclude that CRP
causes hypertension or that hypertension leads to increased
CRP among subjects aged 70 years and over. Third, we did
not directly measure the exercise intensities of walking, brisk
walking and sports. Still, one may easily discriminate one’s
own “brisk walking” from ordinary walking. We therefore
believe that the categorization of relative walking intensity
based on the subjects” own perceptions was reliable. It is well
known that ratings of perceived exertion correspond well to
exercise intensity as measured by oxygen uptake (49).

In conclusion, we have demonstrated that among elderly
subjects 70 years and older the higher LTPA levels were asso-
ciated with reductions of serum CRP levels and hypertension
prevalence, but that the positive significant relation between
CRP and hypertension was independent of LTPA levels.
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