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Abstract
Family history of hypertension (FH) is a nonmodifiable risk factor for hypertension. However, cardiorespiratory fitness
(CRF) is a modifiable risk factor and might be important for preventing hypertension in both people with and without FH.
The purpose of this study was to investigate the combined association of CRF and FH on the incidence of hypertension in
normotensive male Japanese workers. A total of 6890 workers were included in this study. CRF was determined using a
submaximal exercise test. A self-reported questionnaire was used to determine FH. Six groups were established, combining
the two groups with and without FH (Yes, No) and the three CRF groups (Low, Moderate, High). The incidence of
hypertension, defined as systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg, or self-reported
physician-diagnosed hypertension was evaluated. During the observation period of 101,212 man-years (median 17 years,
minimum 1 year, maximum 23 years), 2210 workers developed hypertension. There were 3860 participants who had FH
(56%). Compared with the Yes-Low CRF group, the HRs (95% CI) for hypertension were 66% lower in the No-High CRF
group (0.34 [0.28–0.40]), 47% lower in the No-Low CRF group (0.53 [0.46–0.61]), and 24% lower in the Yes-High CRF
group (0.76 [0.67–0.86]). FH and CRF did not show a significant interaction (p for interaction= 0.181). The combination of
FH and CRF showed a clear association with the risk of incident hypertension, and moderate to high levels of CRF might be
equally beneficial for preventing hypertension for both people with and without FH.
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Introduction

The World Health Organization (WHO) has reported that
hypertension is an important risk factor for cardiovascular
disease and in 2014, the prevalence of hypertension
worldwide among adults aged 18 and over was
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approximately 22% [1]. In the 2014 Japanese National
Health and Nutrition Survey, the percentage of the popu-
lation aged 20 years or older with hypertension (systolic
blood pressure ≥140/diastolic blood pressure ≥90 or taking
antihypertensive medication) was 35% [2]. In Japan, the
medical costs associated with hypertensive disorders in
2014 amount to 1.8 trillion yen (approx. $16.6 billion) [3];
therefore, preventing hypertension is an important issue.

It is known that the incidence of hypertension is high in
groups with a family history of hypertension (FH) com-
pared with those without FH [4]. Moreover, at any given
age, blood pressure is higher among those with a positive
family history [5]. However, when cardiorespiratory fitness
(CRF), an objective indicator of the quantity of physical
activity, is high, the incidence of hypertension is low [6–9],
and at a given age, the blood pressure is lower among
persons with high CRF than in those with low CRF [10–
12]. In a cohort study (over an average 5-year period) of the
relationship between the incidence of hypertension and
combinations of FH and CRF in predominantly Caucasian
individuals [13], the incidence of hypertension was low in
participants with high CRF, even when there was FH. This
suggests the possible importance of high CRF due to the
role of habitual physical activity in preventing hypertension,
particularly since FH is a nonmodifiable risk factor. How-
ever, we have not found any studies that have investigated
the relationship between the incidence of hypertension and
combinations of FH and CRF in Japanese individuals, who
differ from Caucasian individuals with respect to genetic
background and living environment. Accordingly, the pur-
pose of this study was to investigate the combined asso-
ciation of CRF and FH on the incidence of hypertension in
normotensive male Japanese workers. We hypothesized that
the incidence of hypertension is low in Japanese individuals
with high CRF, even in the presence of FH.

Methods

Design and study population

This was a cohort study investigating the relationship between
CRF and health outcomes [7, 14, 15]. The participants were
workers in the Tokyo area who, under the Japanese Safety
and Health law, receive an annual medical examination.

From April 1986 to March 1987, 9221 workers partici-
pated in the study; the workers performed an exercise test and
received an annual medical examination. Due to the small
number of female participants in this study (n= 791), women
were excluded from the analysis. Workers were also excluded
(n= 24) when estimating CRF was not possible because they
could not continue the exercise test for at least 4 min. A total
of 1102 workers who had a history of hypertension (n=

1090), heart disease (n= 9) or stroke (n= 3) in March 1987
were excluded from the cohort in this study. In addition, 414
workers with missing data on potential confounding factors
were excluded. Ultimately, 6890 workers were included in
this study and were followed until March 2010.

This study was approved by the Research Ethics Com-
mittee of the National Institutes of Biomedical Innovation,
Health and Nutrition.

Medical examination

In Japan, under the Industrial Safety and Health Law, all
workers, including the participants in this study, are obli-
gated to undergo an annual medical examination organized
by their employers. The medical examinations included
measuring height, weight, and resting blood pressure.
Bodyweight was measured using scales for routine weigh-
ing, wearing light clothing, and without footwear. Height
and weight measurements were used to calculate body mass
index (BMI [kg/m2]). Resting blood pressure was measured
in a seated position using an automatic sphygmomanometer.
Those who answered “yes” at least once to the question “FH
within two degrees of kinship: yes or no” in the self-
administered questionnaire at the medical examinations
from 1987 to 2009 were assessed as having FH. Alcohol
consumption habits (nondrinker, 1–40 g alcohol daily, ≥41
g daily) and cigarette smoking habits (never smoker, past
smoker, 1–20 a day, ≥21 a day) were also included in the
questionnaire.

Assessment of cardiorespiratory fitness

CRF was determined using a submaximal exercise test, with a
cycle ergometer. The submaximal exercise test comprised a
maximum of three 4-min stages, with the workload being
increased from stage to stage. The workload in the first stage
was, by age group, 98, 86, 74, and 61 watts for 19–29, 30–39,
40–49, and 50–60 years of age, respectively. Heart rate was
measured using an electrocardiogram. The target heart rate
was set to 85% of the estimated maximum heart rate (220
−age [years]), and the workload was increased by 37 watts at
each stage until reaching the target heart rate or until reaching
the third stage. Maximal oxygen uptake was estimated as
CRF in each participant from the heart rate obtained in the last
minute of the final stage, using the Åstrand–Ryhming
nomogram [16] and Åstrand age correction factors [17]
commonly employed for estimating CRF [18].

Diagnosis of hypertension

Hypertension was defined as present when (1) systolic
blood pressure was ≥140 mmHg or diastolic blood pressure
was ≥90 mmHg or when (2) the individual himself reported
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in the interview with the nurse that he had started treatment
for hypertension [19, 20]. In this study, resting blood
pressure was measured in a seated position after >3 min of
resting, and several measurements were made when the
measured value was high. However, because the measure-
ments were made in the workplace during a medical
examination, there was a possibility that this could have
affected the examination and temporarily elevated the blood
pressure. Accordingly, to determine more accurately whe-
ther workers were suffering from hypertension, they were
assessed as having hypertension when systolic blood pres-
sure exceeded 140 mmHg or when diastolic blood pressure
exceeded 90 mmHg at least twice in 6 years, if not treated
for hypertension. The year in which systolic blood pressure
initially exceeded 140 mmHg or diastolic blood pressure
exceeded 90 mmHg was considered to be the first year of
hypertension. If treatment for hypertension had started
before the first year that blood pressure exceeded these
thresholds, the year treatment started was recorded as the
first year of hypertension.

Statistical analysis

We first classified the study participants into two groups,
determined by the presence or absence of FH. Participants
were also classified into tertiles for CRF (with tertiles
determined separately for age groups ≤24 years, 25–29
years, 30–34 years, 35–39 years, 40–44 years, 45–49 years,
and ≥50 years) and classified into three groups based on
age-specific tertiles of CRF (Low, Moderate, High). Finally,
six groups were established, combining the two groups with
and without FH (Yes, No) and the three CRF groups (Yes-
Low, Yes-Moderate, Yes-High, No-Low, No-Moderate,
No-High). The physical characteristics of the six groups
were compared at the beginning of the follow-up period.
Continuous variables were expressed as the mean ± stan-
dard deviation (SD), and categorical variables were
expressed as percentages.

We evaluated the association between FH and CRF with
the incidence of hypertension. Cox proportional hazards
regression analysis was carried out with the incidence of
hypertension as the dependent variable and FH (2 groups)
or CRF (3 groups) as the independent variables, and age-
adjusted hazard ratios (HRs) and 95% confidence intervals
(95% CI) were calculated. Considering potential con-
founding factors, HRs adjusted for BMI (continuous vari-
able), cigarette smoking habits (never smoker, past smoker,
1–20 cigarettes per day, ≥21 cigarettes per day), and alcohol
consumption habits (none, 1–40 g per day, ≥41 g per day)
were determined by questionnaires. In addition, to evaluate
whether a linear dose–response relationship existed between
the incidence of hypertension and CRF, CRF was entered as
an ordinal variable into the model to calculate p for trend.

We additionally evaluated the associations between the
incidence of hypertension and the six combined FH and
CRF groups. Cox proportional hazards regression analysis
was carried out with the incidence of hypertension as the
dependent variable and the six groups as independent
variables, and HRs adjusted for age and potential con-
founding factors and 95% CI were calculated. Furthermore,
to confirm the presence or absence of FH and CRF effect
modifications, we included an FH (yes, no) and CRF
(continuous variable) product term into the model to con-
firm the presence or absence of interactions.

Proportional hazards assumption was assessed by
visually checking the log-minus-log plot; no violation was
observed. SPSS Statistics version 22 (IBM Japan, Tokyo,
Japan) was used for statistical analysis. A statistically sig-
nificant difference was considered to be present when the
two-tailed p value was <0.05.

Results

The average age (SD) of the participants at baseline was
37.3 years (±9.8 years). The average follow-up period was
14.7 years (minimum 1 year, maximum 23 years). During
the observation period of 101,212 man-years, 2210 workers
were newly diagnosed with hypertension. A total of 3860
participants reported FH (56%). The baseline characteristics
of participants in the 6 groups, categorized by FH and CRF,
are shown in Table 1. BMI was lower across levels of CRF,
with or without FH. When comparing systolic blood pres-
sure and diastolic blood pressure within the same level of
CRF, values were higher in participants with FH. Irre-
spective of whether FH was present, both systolic blood
pressure and diastolic blood pressure were lower across
increasing CRF levels. The percentage of smokers increased
as the level of CRF decreased, irrespective of FH, and
alcohol consumption was reported by a higher proportion of
participants with FH, irrespective of the level of CRF.

The HRs of incident hypertension according to either FH
or CRF are shown in Table 2. The HR for hypertension was
significantly lower in participants without FH (HR 0.50
[95% CI, 0.46–0.55]) than in participants with FH. In
addition, there was a significant inverse trend for incident
hypertension across increasing CRF levels, with HRs (95%
CI) of 1.0 (referent), 0.87 (0.79–0.96), and 0.72 (0.65–0.81)
for low, moderate, and high CRF, respectively (p for
trend <0.001).

The HRs for hypertension in the six groups of partici-
pants cross-classified by FH and CRF are presented in
Fig. 1. In both FH groups, there was a strong trend for
decreased incidence of hypertension across CRF levels. For
the group with FH, HRs (95% CI) were 1.0 (referent), 0.88
(0.79–0.99), and 0.76 (0.67–0.86) for low, moderate, and

Combined association of cardiorespiratory fitness and family history of hypertension on the incidence. . . 1065



high CRF, respectively. For the group with no FH, HRs
(95% CI) were 0.53 (0.46–0.62), 0.45 (0.38–0.52), and 0.34
(0.28–0.40) for low, moderate, and high CRF, respectively.
There was a significant inverse trend for incident hyper-
tension in the six groups (p for trend < 0.001). FH and CRF
did not show a significant interaction (p for interaction=
0.181).

We also classified hypertension as systolic blood pres-
sure ≥140 mmHg or diastolic blood pressure ≥90 mmHg in
the year of the earliest episode (Supplementary Tables 1 and
2). We performed a whole new set of analysis using the
1987 FH data instead of using the data from 1987 to 2009
(Supplementary Tables 3 and 4).

Discussion

In this cohort study following normotensive male Japanese
workers, the risk of developing hypertension was sig-
nificantly higher in participants with FH than without FH.
Importantly, the risk of developing hypertension was sig-
nificantly lower in participants across increasing CRF
levels, regardless of whether FH was present or not.
Moreover, the combination of FH and CRF showed a clear
association with the risk of hypertension, and even partici-
pants with FH showed a lower risk of hypertension when
the level of CRF was high. FH and CRF did not show a
significant interaction. Therefore, these findings suggest that
moderate to high levels of CRF might be equally beneficial
for preventing hypertension in both people with and
without FH.

Earlier studies have reported that there is a high risk of
hypertension and high blood pressure in individuals with a
parental history of hypertension. Wang et al. [4] reported
that compared with individuals whose parents did not have
hypertension, the risk of hypertension was 1.5 times higher
in individuals with a maternal history of hypertension, 1.8
times higher in individuals with a paternal history of
hypertension, and 2.4 times higher in individuals with a
history of hypertension in both parents. In a report on
Japanese participants, Mitsumata et al. [5] reported that the
age-blood pressure curve has an upward shift of 5.3 mmHg
for systolic blood pressure and an upward shift of 2.8
mmHg for diastolic blood pressure in participants with
parental hypertension compared with participants without
parental hypertension. Moreover, a recent study showed
that among young to middle-aged normotensive indivi-
duals, arterial stiffness, which is a major factor causing
elevated blood pressure, is already high in people with
parental hypertension [21]. These studies indicate that FH
increases the risk of hypertension. In this study, the HR for
hypertension was also lower in the participants without FH
than in participants with FH (HR= 0.50), showing similar
results to prior studies.

In cohort studies carried out previously to investigate the
relationship between CRF and incidence of hypertension, it
has been reported that high CRF is associated with a low
risk of hypertension [6–9]. In this study, there was also a
clear negative dose–response relationship between CRF and
the incidence of hypertension, confirming that participants
with moderate to high CRF show a lower risk of hyper-
tension. One study reported the relationship between the

Table. 1 Baseline characteristics of participants according to family history of hypertension and cardiorespiratory fitness

Family history of hypertension

Yes No

Cardiorespiratory fitness Cardiorespiratory fitness

ALL (n=
6890)

Low (n=
1327)

Moderate (n=
1282)

High (n=
1251)

Low (n=
988)

Moderate (n=
1025)

High (n=
1017)

Age (years) 37.3 ± 9.8 36.3 ± 8.9 36.2 ± 8.9 36.7 ± 9.1 38.5 ± 10.3 38.4 ± 10.7 38.1 ± 10.8

VO2max (ml/kg/
min)

39.7 ± 8.5 32.3 ± 4.4 39.2 ± 4.0 48.4 ± 6.7 31.7 ± 4.4 38.8 ± 4.5 48.1 ± 7.5

Height (cm) 168.6 ± 5.7 169.2 ± 5.7 168.7 ± 5.5 168.2 ± 5.6 168.8 ± 6.0 168.5 ± 5.7 167.7 ± 5.8

Weight (kg) 65.2 ± 8.1 68.3 ± 8.7 65.3 ± 7.6 63.1 ± 7.0 67.6 ± 8.6 64.6 ± 7.5 62.1 ± 7.1

BMI (kg/m2) 22.9 ± 2.5 23.8 ± 2.7 22.9 ± 2.4 22.3 ± 2.1 23.7 ± 2.7 22.7 ± 2.4 22.1 ± 2.2

SBP (mmHg) 126 ± 11 129 ± 10 126 ± 10 124 ± 11 127 ± 10 125 ± 11 122 ± 12

DBP (mmHg) 72 ± 7 74 ± 7 72 ± 7 71 ± 7 74 ± 7 71 ± 7 70 ± 8

Smokers (%) 63 66 62 57 66 65 61

Drinkers (%) 70 70 72 71 66 69 69

VO2max maximal oxygen uptake, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure

Data are expressed as means ± SD or %
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incidence of hypertension and the combination of FH and
CRF [13]. Most of the participants in this prior study were
Caucasian individuals. When compared with participants
with low fitness and FH, participants with high fitness and
no FH showed the lowest risk of hypertension (41%). To
our knowledge, the present study is the first long-term
cohort study to investigate the relationship between the
incidence of hypertension and FH and CRF in a Japanese
population. Although this study was carried out with
Japanese participants who differed from Caucasian indivi-
duals with respect to genetic background and living envir-
onment, our results were similar to studies involving
Caucasians.

The high risk of hypertension in participants with FH is
considered to be the result of a mixture of genetic and
environmental factors [22]. Regarding genetic factors,
genes associated with hypertension, such as ATP2B1, have
been identified as the result of studies with Japanese parti-
cipants [23]. The contribution of genetic factors associated
with hypertension has been estimated at 30–70% [4, 24].
Some of the genes associated with blood pressure have been
identified and are shared by people of Asian, European, and
North American origin. However, it has been reported that
there are ethnic differences regarding the incidence of
mutations and effects on blood pressure [25] and that there
are ethnic differences in the incidence of hypertension [26].
Moreover, regarding lifestyle habits, Japanese people tend
to have a higher salt intake [2], which is reported to be
associated with elevated blood pressure and the risk of
hypertension [27, 28]. On the other hand, the incidence of
obesity is higher among Caucasian individuals than among
Japanese individuals, and obesity is a risk factor for
hypertension [29]. This study has shown that for Japanese
individuals with FH, the incidence of hypertension is lower
in individuals with moderate to high CRF, as is the case
with Caucasian individuals despite differing genetic back-
grounds and living environments. This study suggests the
importance of maintaining moderate to high CRF to prevent
hypertension. The mechanism explaining the relationship
between moderate to high CRF and a low risk of hyper-
tension is likely to be due to the ability of physical activity
to decrease blood pressure [30]; additionally, regular phy-
sical activity improves CRF [31, 32]. Therefore, it appears
that in participants with moderate to high CRF, elevation in
blood pressure is suppressed by physical activity [33],
lowering the risk of hypertension. Because the progression
rate of arterial stiffness is slower [34], wave reflection is low

Table. 2 Hazard ratios of
incident hypertension according
to family history of hypertension
and cardiorespiratory fitness

Category Man-
years

No. of
cases

Rate/
1000
man-
years

Age-adjusted
model Hazard
ratio (95% CI)

Multivariable model
1 Hazard ratio (95%
CI)

Multivariable model
2 Hazard ratio (95%
CI)

Family history of hypertension

Yes 56113 1574 28.1 1.00 (reference) 1.00 (reference) 1.00 (reference)

No 45099 636 14.1 0.49 (0.45–0.54) 0.50 (0.45–0.55) 0.50 (0.46–0.55)

Cardiorespiratory fitness

Low 31969 891 27.9 1.00 (reference) 1.00 (reference) 1.00 (reference)

Moderate 34496 743 21.5 0.78 (0.71–0.86) 0.86 (0.78–0.95) 0.87 (0.79–0.96)

High 34747 576 16.6 0.60 (0.54–0.67) 0.72 (0.65–0.80) 0.72 (0.65–0.81)

p for
trend

<0.001 <0.001 <0.001

Multivariable model 1 was adjusted for age (continuous variable), BMI (continuous variable), smoking habit
(never-smoker, past smoker, 1–20 cigarettes per day, 21≥ cigarettes per day), drinking habit (none, 1–40 g
per day, ≥41 g per day)

Multivariable model 2 was adjusted for model 1 plus VO2max (continuous variable) for family history of
hypertension or family history of hypertension (yes, no) for cardiorespiratory fitness

Fig. 1 Hazard ratios of incident hypertension according to combined
family history of hypertension and cardiorespiratory fitness. Multi-
variable model was adjusted for age (continuous variable), BMI
(continuous variable), smoking habit (never smoker, past smoker,
1–20 cigarettes per day, 21≥ cigarettes per day), and drinking habit
(none, 1–40 g per day, ≥41 g per day)
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[35], and vascular endothelial function is enhanced [36, 37]
in individuals with high CRF, these factors likely contribute
to a lower incidence of hypertension. Therefore, it appears
that the risk of hypertension was low in the group with a
high fitness level and no FH because of fewer genetic fac-
tors predisposing them to hypertension combined with the
suppression of elevated blood pressure through physical
activity.

There are some limitations associated with this study. In
this study, a self-reported questionnaire was used to deter-
mine family history. The question asked was simple, “FH
within two degrees of kinship: yes or no”, but the validity of
the questionnaire was not investigated. In addition, blood
pressure measurement in this study was carried out during
medical examinations in the workplace and that environ-
ment may have influenced the measurements. However, we
endeavored to minimize errors in assessing hypertension by
conservatively assessing that a participant developed
hypertension only when systolic blood pressure exceeded
140 mmHg or diastolic blood pressure exceeded 90 mmHg
at least twice in 6 years. Moreover, because the participants
in this study were young to middle-aged Japanese males,
the results may not be generalizable to other groups. Future
studies are needed that include women and other age groups
and races/ethnicities. Finally, CRF was estimated by a
submaximal exercise test, which is slightly more prone to
error compared to the direct method. However, a previous
study reported a high correlation coefficient between esti-
mated (our procedure) and directly measured values (r=
0.92) [38]. Therefore, we assume that the estimated values
are sufficiently accurate.

In conclusion, this study showed that the combination of
FH and CRF is associated with a higher risk of hyperten-
sion. The risk of hypertension was low when the level of
CRF was high, even in the case of Japanese participants
with FH. This suggests that increasing CRF with habitual
physical activity is important for preventing hypertension
given that FH remains a nonmodifiable risk factor. On the
other hand, the group with FH and low CRF can be con-
sidered a high-risk group, and hence, physical activity
interventions targeting this group may be an effective
strategy for preventing cardiovascular disease in the future.
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