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Abstract
Although a family history (FH) of hypertension is a risk factor for the development of hypertension, only a few studies have investigated
in detail the impact of individual components of an FH on incident hypertension. We investigated the impact of individual components
and their combinations on the presence or development of hypertension considering obesity, smoking habits, physical activity, and
other metabolic parameters.
Studied were 12,222 Japanese individuals without hypertension (n=9,766) and with hypertension (n=2,456) at the baseline

examination. The presence or incidence of hypertension during 5 years after a baseline examination was assessed by the presence of
systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg or a self-reported history of clinician-diagnosed
hypertension. In this prospective study, the odds ratio for incident hypertension was 1.39 (95% confidence interval [CI], 1.22, 1.59) for
individuals with any FH of hypertension compared with those without such an FH. Individuals with an FH of hypertension in both
parents and one or more grandparents had an odds ratio of 3.05 (95% CI 1.74, 5.36) for hypertension compared with those without
an FH of hypertension. FH was associated with incident hypertension independently of other modifiable risk factors such as obesity,
smoking, physical inactivity, hyperglycemia, hyperuricemia, and hypertriglyceridemia.
A parental history of hypertension was an essential component within an FH for incident hypertension. FH of hypertension over two

generations with both parents affected was the most important risk factor for incident hypertension. Although an FH is not a
modifiable risk factor, modifying other risk factors could contribute to reducing the risk of hypertension even among individuals with a
family history of hypertension.

Abbreviations: BMI = body mass index, CI = confidence interval, DBP = diastolic blood pressure, DNA = deoxyribonucleic acid,
FH= family history, FPG= fasting plasma glucose, HbA1c= hemoglobin A1c, OR= odds ratio, SBP= systolic blood pressure, TG=
triglycerids, UA = uric acid.
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1. Introduction

A family history (FH) of hypertension is a well-established risk
factor for the development of hypertension.[1,2] In spite of this,
only a few studies have investigated the impact of details of FH on
the development of hypertension. A cross-sectional study showed
that the prevalence of hypertension was 1.29-fold higher among
individuals with than without an FH of hypertension.[3] Another
cross-sectional study in Japan suggested an association between
the number of parents and siblings with hypertension and the
incidence of hypertension.[4] However, the quantitative influence
of individual components of an FH such as for hypertension in
either one or both parents, grandparents, or siblings or their
combinations on incident hypertension is unclear. It is also well
established that many environmental and metabolic factors such
as smoking, sedentary behavior, obesity, hyperglycemia, hyper-
uricemia, or dyslipidemia cause hypertension.[5–7] Nevertheless,
whether the impact of these predictors on the development of
hypertension is affected by an FH of hypertension is unknown.
Therefore, we investigated the effect of each element of an FH of
hypertension on the presence of hypertension in a cross-sectional
study and evaluated the impact of each element of an FH of
hypertension on incident hypertension in a longitudinal study of
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Japanese men and women. We also investigated the combined
effects of FH and other risk factors on the development of
hypertension to clarify possible interactions among them on
incident hypertension.

2. Methods and Methods

2.1. Study population

The Toranomon Hospital Health Management Center study
included a cohort consisting mainly of apparently healthy
Japanese government employees who had annual examinations
for routine health screening and also some members of the
general public. All participants were interviewed at each
examination to obtain information on demographic character-
istics, health-related habits, and medical history including an FH
of hypertension. We investigated 12,357 individuals who
underwent a baseline health examination during the period
from 1997 to 2007. Information was obtained on blood pressure
measurements, a self-reported history of medical treatment for
hypertension, or the use of antihypertensive medication at the
baseline examination and at a reexamination 5 years after
(2002–2012) the baseline examination. Among the 12,357
individuals, we excluded those with missing data on self-reported
lifestyle characteristics (n=135). We evaluated those with
hypertension (n=2456) and without hypertension (n=9766)
at the baseline examination in a cross-sectional study (Supple-
mental Figure 1, http://links.lww.com/MD/B263). Then, we
performed a longitudinal study that included a total of 9766
individuals (6773 men and 2993 women) aged 20 to 82 years
without hypertension at the baseline examination (Supplemental
Figure 1, http://links.lww.com/MD/B263). The study protocol
followed the Japanese Government’s Ethical Guidelines Regard-
ing Epidemiological Studies in accordance with the Declaration
of Helsinki and was reviewed by the Institutional Review Board
at Toranomon Hospital.[8]

2.2. Clinical and other measurements

Height and weight were measured without shoes or heavy
clothing, and body mass index (BMI) was calculated using the
following formula: weight (kg)/height (m2). At the time of the
health examinations, after a brief period of rest, systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were measured
in the morning in either arm using a sphygmomanometer (Omron
Corporation, Kyoto, Japan) with the participants in a sitting
position according to our medical checkup rules. Blood pressure
was measured once in most participants, but up to 3 measure-
ments at 1 to 2minute intervals were made in participants who
had hypertensive or prehypertensive SBP and DBP values. The
lowest reading was used in the analysis that assessed the incidence
of hypertension. Blood samples were collected after an overnight
fast, and measurements were made using an automatic clinical
chemistry analyzer (Hitachi, LABOSPECT 008, Tokyo,
Japan).[8] HbA1c was assessed by high-performance liquid
chromatography (Tosoh, Tokyo, Japan). The value for HbA1c
(%) was estimated as the National Glycohemoglobin Standardi-
zation Program equivalent value (%), which was calculated by
the formula HbA1c (%)=1.02�HbA1c (Japan Diabetes Socie-
ty) (%)+0.25 (%).[9]

An FH of hypertension among grandparents, parents, or
siblings and smoking habits of the participants (never, former,
and current) and presence or absence of physical activity were
assessed by a questionnaire.
2

2.3. Definitions

Hypertension was defined by SBP ≥140mmHg, DBP ≥90mm
Hg, or a self-reported history of clinician-diagnosed hyperten-
sion. A positive FH of hypertension was defined according to the
presence of hypertension in at least 1 grandparent, parent, or
sibling. Participants were classified according to a BMI <18.5,
18.5–22.9, 23.0–27.4, and ≥27.5kg/m2 based on the classifica-
tion of the World Health Organization.[10] We defined smoking
habits as follows: “never,” having never smoked; “former,”
having smoked in the past but not currently; and “current,” using
tobacco at present. Physical activity was defined as the
performance of any physical activity for 30 minutes or more
per occasion at least once a week. Fasting plasma glucose (FPG)
≥126mg/dL, HbA1c ≥6.5%, uric acid (UA) ≥7.0mg/dL, and
triglycerides (TG) ≥150mg/dL were considered to be high.
2.4. Statistical analysis

Categorical variables were expressed as numbers and percentages
and were compared with Chi-square tests. Continuous variables
were expressed as mean±SD and were compared with Student t
tests. A logistic regression analysis was performed to calculate
odds ratios (ORs) and their 95% confidence interval (CI) for the
presence or development of hypertension. We used crude ORs in
the analysis of the relationship between well-known risk factors
for hypertension and its presence or development with regard to
the baseline examination for the cross-sectional study and for the
longitudinal study. Then, we investigated the impact of each
detail within an FH on the presence or development of
hypertension. Covariates included age, sex, BMI, smoking
habits, physical activity, FPG, UA, and TG. In order to evaluate
the interactions between the presence or the absence of an FH of
hypertension and each risk factor such as BMI, smoking habit,
physical activity, FPG, HbA1c, UA, and TG on the development
of hypertension, logistic regression analysis was performed
according to the presence or absence of an FH of hypertension.
All statistical analyses were performed with IBM SPSS Statistics
19. Statistical significance was defined as P<0.05.

3. Results

Characteristics of the total study population with hypertension
(n=2456) and without hypertension (n=9766) at the baseline
examination are shown in Table 1 and Supplemental Table 1,
http://links.lww.com/MD/B262. Of the 9766 individuals, 3594
(36.8%) had at least 1 family member with a history of
hypertension. During the 5-year follow-up, 1124 individuals
(11.5%) developed hypertension. As shown in Table 1, http://
links.lww.com/MD/B262 both SBP and DBP were significantly
though very slightly higher in individuals with an FH of
hypertension compared with those without.
Table 2 and Supplemental Table 2, http://links.lww.com/MD/

B262, show the crude ORs of various risk factors for the presence
or development of hypertension. The OR for developing
hypertension in individuals with any FH of hypertension was
1.34 (95% CI 1.18, 1.52) compared with those without any FH
of hypertension. The ORs for hypertension for BMI 23.0 to 27.4
and BMI ≥27.5kg/m2 compared to the OR for BMI 18.5 to 22.9
were 1.73 (1.51, 1.97) and 2.97 (1.51, 1.97), respectively.
Current smoking and high values for FPG, HbA1c, UA, and TG
were also significantly associated with incident hypertension,
whereas a physical activity habit was not significantly associated
with hypertension (Table 2).
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Table 1

Baseline characteristics of study participants without hypertension.

Total (n=9766)
Any family history of hypertension

Positive (n=3594) Negative (n=6172) P

Age, y 47.5±8.3 47.7±8.2 47.3±8.4 0.027
Male sex, % 6773 (69.4) 2333 (64.9) 4440 (71.9) <0.001
Smoking status <0.001
Never 5291 (54.2) 2069 (57.6) 3222 (52.2)
Former 2523 (25.8) 834 (23.2) 1689 (27.4)
Current 1952 (20.0) 691 (19.2) 1261 (20.4)

Body mass index, kg/m2 22.6±2.8 22.5±2.7 22.6±2.8 0.016
Systolic blood pressure, mmHg 119.3±11.7 120.2±11.6 118.7±11.8 <0.001
Diastolic blood pressure, mmHg 72.6±8.5 73.3±8.4 72.2±8.5 <0.001
Fasting plasma glucose 95.8±14.5 95.1±13.1 96.2±15.2 <0.001
Hemoglobin A1c, % 5.29±0.57 5.28±0.54 5.30±0.59 0.033
Uric acid, mg/dL 5.52±1.37 5.46±1.39 5.55±1.35 0.002
Triglycerides, mg/dL 109.8±76.3 108.6±73.0 110.6±78.1 0.227

Data are mean (standard deviation) or n (%). Any family history of hypertension was defined as the presence of hypertension in at least one or more relatives among grandparents, parents, or siblings.

Igarashi et al. Medicine (2016) 95:38 www.md-journal.com
The association between the presence of hypertension at the
baseline examination and individual components of an FH of
hypertension and their combinations are shown in Supplemental
Tables 3 and 4, http://links.lww.com/MD/B262. Parental history
of hypertension was the most important component for the
Table 2

Crude ORs of various risk factors for developing hypertension by
univariate regression model.

Variables
Crude odds

ratio (95% CI) P

Male, sex 1.28 (1.11, 1.47) 0.001
Age, year
<45 Reference –

45 to 54 1.41 (1.22, 1.63) <0.001
55 to 64 1.77 (1.46, 2.13) <0.001
≥65 2.88 (2.19, 3.77) <0.001

Body mass index, per kg/m2 increment 1.16 (1.14, 1.18) <0.001
<18.5 0.48 (0.32, 0.71) <0.001
18.5–22.9 reference –

23.0–27.4 1.73 (1.51, 1.97) <0.001
≥27.5 2.97 (2.35, 3.76) <0.001

Any family history of hypertension, yes (vs no)
∗

1.34 (1.18, 1.52) <0.001
Smoking habits
Never reference –

Former 1.16 (1.00, 1.35) 0.053
Current 1.49 (1.27, 1.73) <0.001

Physical activity habit, no (vs yes) 0.93 (0.82, 1.06) 0.270
Fasting plasma glucose, per 5mg/dL increment 1.07 (1.05, 1.08) <0.001
<100 reference –

100–125 1.80 (1.57, 2.07) <0.001
≥126 2.22 (1.59, 3.10) <0.001

Hemoglobin A1c, per 1% increment 1.27 (1.16, 1.39) <0.001
<6.5 reference –

≥6.5 1.84 (1.29, 2.62) <0.001
Uric acid, per 1mg/dL increment 1.16 (1.11, 1.22) <0.001
<7.0 reference –

≥7.0 1.51 (1.29, 1.77) <0.001
Triglycerides, per 10mg/dL increment 1.02 (1.02, 1.03)
<150 reference –

≥150 1.49 (1.29, 1.73) <0.001
∗
Any family history of hypertension was defined as the presence of hypertension in at least one relative

among grandparents, parents or siblings.
CI= confidence interval, OR=odds ratio.

3

presence of hypertension. Having only 1 or more siblings or only
1 or more grandparents with hypertension also increased the risk
of the presence of hypertension. These components further
enhanced the risk of the presence of hypertension in individuals
with an FH of hypertension in any parent. A difference between
the risk of hypertension with an FH of hypertension in only the
father or only the mother FH was not detected.
The impacts of individual components of an FH of hyperten-

sion and their combinations on the incidence of hypertension are
shown in Table 3 and Supplemental Table 5, http://links.lww.
com/MD/B262. The multivariate adjusted OR for hypertension
for individuals with any FH of hypertension compared with
the reference group (i.e., individuals without any FH) was 1.39
(1.22, 1.59). Individuals with a parental or biparental FH of
hypertension had ORs of 1.45 (1.27, 1.66) or 1.76 (1.35, 2.29)
for incident hypertension, respectively, regardless of the presence
or absence of any other FH of hypertension (Supplemental
Table 5, http://links.lww.com/MD/B262). Individuals with an
FH of hypertension in at least 1 of parent but in no other relative
had an OR of 1.35 (1.17, 1.56) for hypertension compared with
the reference category. Individuals with 1 or more grandparents
or 1 or more siblings with an FH of hypertension did not have a
significantly increased risk of hypertension. Individuals with an
FH of hypertension in both parents and 1 or more grandparents
or 1 or more siblings had an OR of 2.41 (1.59, 3.65) for
hypertension compared with those without any FH of hyperten-
sion. Individuals with an FH of hypertension in both parents and
1 or more siblings or in both parents and 1 or more grandparents
had a 1.88 (1.33, 2.26) or 3.05 (1.74, 5.36) times increased risk of
hypertension, respectively, compared to the reference group.
Generally, FH is considered to enhance other risk factors in an

additive manner. Figure 1 shows the interaction between an FH
of hypertension and BMI, smoking habits, physical activity,
FPG, HbA1c, UA, or TG for the development of hypertension.
Individuals with any FH of hypertension and BMI 23.0 to 27.4 or
BMI ≥27.5 had an OR of 2.44 (2.02, 2.96) or 3.99 (2.69, 5.92),
respectively, for developing hypertension compared with those
without any FH and BMI 18.5 to 22.9. Compared with never
smokers without any FH of hypertension, current smokers with
any FH of hypertension had a 1.69 (95% CI 1.33, 2.15) times
increased risk of the development of hypertension. Physically
inactive individuals with any FH of hypertension had an OR of
1.35 (95% CI 1.15, 4.62) for developing hypertension compared
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Figure 1. The interactions between family history of hypertension and body mass index, smoking habits, fasting plasma glucose, hemoglobin A1c, uric acid, or
triglycerides for the development of hypertension. ORs (95% CI) for incident hypertension are adjusted for age and sex. Each P value for interaction of family history
and body mass index, smoking habit, physical activity, fasting plasma glucose, hemoglobin A1c, uric acid, or triglycerides were 0.394, 0.701, 0.339, 0.597, 0.945,
0.853, and 0.083, respectively. BMI=body mass index, CI=confidence interval, FH+= individuals with any family history of hypertension, FH�= individuals without
any family history of hypertension, FPG= fasting plasma glucose, HbA1c=hemoglobin A1c, OR=odds ratio, TG= triglycerides, UA=uric acid.
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with those who were physically active and without such an FH.
Other risk factors for the development of hypertension such as
hyperglycemia, hyperuricemia, and hypertriglyceridemia were all
enhanced moderately by the presence of an FH of hypertension
(Fig. 1).

4. Discussion

An FH of hypertension was associated with its presence or
development independently of other established predictors.
Especially, individuals with an FH of hypertension in both
5

parents and 1 ormore grandparents had a 3.05-fold higher risk of
the development of hypertension than those with no FH of
hypertension. Our findings indicated that an FH of hypertension
over 2 generations, that is, involving both parents and one or
more grandparents, was the most important component for
predicting hypertension.
In our prospective study, both SBP and DBP were significantly

elevated in those with an FH of hypertension. However, the
difference was too small to predict future occurrence of
hypertension, and blood pressure at baseline seemed to be only
minimally affected by an FH of hypertension. Similarly, though
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statistically significant, the differences in BMI, FPG, HbA1c, and
UA between those with and without an FH of hypertension were
very small, suggesting that these parameters were not largely
affected by such an FH.
Among predictors of hypertension, previous studies have

shown that an FH of hypertension is not necessarily a very strong
predictor compared to other major factors such as age or
obesity,[11–14] which was also confirmed by our results.
Moreover, a recent study conducted in Switzerland showed that
screening of children with a parental history of hypertension may
not be a substantially better strategy to predict hypertension in
children than universal screening.[15] However, as a predictor of
hypertension in comparison with other factors, an FH of
hypertension had an impact similar to almost a 2-unit increase
in BMI, a 1% increase in HbA1c, or current smoking. Therefore,
future studies are needed to clarify this issue.
A cross-sectional study in Sri Lanka showed that the ORs for

the presence of hypertension in those with an FH of hypertension
in parents, grandparents, or siblings were 1.28, 1.34, or 1.27,
respectively.[3] However, the study did not show the impact of
individual components of an FH, such as a risk to those with a
parental history of hypertension but without an FH of
hypertension in other family members. In our study, we analyzed
all of these individual FH components separately to elucidate
individual and combined risks.
A previous Japanese study compared the risk of hypertension

in participants with an FH in both parents and in those without a
parental history. Compared with individuals without a parental
history, those with an FH of hypertension in both parents had an
OR of 1.67 for the development of hypertension.[14] However,
this study did not consider whether the participants also had an
FHof hypertension in a grandparent or siblingwhen assessing the
impact of a parental FH of hypertension. In contrast, our
reference group was comprised of individuals without any FH of
hypertension, which enabled us to assess the impact of a parental
FH of hypertension alone. In fact, the ORs for the risk of
hypertension in individuals with any FH, an FH involving both
parents and 1 or more grandparents, or involving both parents
and 1 or more siblings compared with the reference group were
all higher than in the previous study, indicating that not only an
FH involving both parents but also 1 or more grandparents or
1 or more siblings are important for the development of
hypertension.
To the best of our knowledge, this is the 1st study to investigate

the independent effects on incident hypertension of various
components of an FH of hypertension. Results showed that
individuals with a parental FH of hypertension have a
significantly increased risk of hypertension compared with those
without any FH of hypertension regardless of an FH of
hypertension in other relatives. Moreover, individuals with
any parental history of hypertension have a similar OR for the
development of hypertension to those with any FH of
hypertension, suggesting that a parental FH plays a major part
in the impact of an FH of hypertension. An FH of hypertension in
1 or more grandparents or 1 or more siblings but not in a parent
did not significantly increase the risk of hypertension but did
enhance the effect of a parental history. An FH of hypertension in
both parents and 1 or more siblings has a small influence on the
development of hypertension, whereas an FH of hypertension in
both parents and 1 or more grandparents is the strongest
predictor of the incidence of hypertension. This indicates that an
FH of hypertension over 2 generations involving both parents is
the most important component for predicting hypertension.
6

Although mitochondrial deoxyribonucleic acid (DNA) was
suggested to be related to hypertension, and only the mother
can pass down the mitochondrial DNA to offspring, a difference
between an FH of hypertension in only the mother or only the
father was not detected. In addition, the difference between an
FH of hypertension in only the mother and any group and an FH
of hypertension in only the father and any group was not
detected. That is, mitochondrial DNAmight have little impact on
the development of hypertension. Unfortunately, since we could
not obtain detailed information on the FH of grandparents,
future studies are needed to assess those issues.
A parental history of hypertension was significantly associated

with hypertension at the baseline examination. An FH of
hypertension in 1 or more grandparents or in 1 or more siblings
did not significantly increase the risk of hypertension in the
prospective study, whereas it was associated with the presence of
hypertension in the cross-sectional study. The OR in our cross-
sectional study of individuals with any FH putting them at risk
for hypertension compared with the reference group was higher
than that of the prospective study. These discrepancies between
results of the cross-sectional study and longitudinal study may
result from the higher number of individuals in the cross-sectional
study who had an FH of hypertension in either 1 or more
grandparents or 1 ormore siblings at the baseline examination. In
addition, the follow-up period in the longitudinal study was only
5 years, which may not have been sufficient for the development
of hypertension from baseline. Thus, if the follow-up period had
been longer, the incidence of hypertension might have been
increased. Conversely, since the mean age of participants in the
cross-sectional study was 47.5 years, these participants might
have developed hypertension over a period exceeding that of the
5-year follow-up in the longitudinal study.
As shown previously, obesity,[16] smoking,[17] physical

inactivity,[7] hyperglycemia,[16] hyperuricemia,[18] and hyper-
triglyceridemia[16] were also independently associated with
incident hypertension. We clarified whether each of those factors
was affected by an FH of hypertension. The interactions between
an FH of hypertension and each of those factors were not
significant, suggesting that their association was not synergistic
but additive, which also indicates that the influence of an FH of
hypertension could be considerably weakened by improvement
of other modifiable risk factors.
In this study, we did not consider the effect of sodium intake,

which is an established risk factor for hypertension.[19] Takase
et al[20] showed that every 1g/day increase in sodium intake is
associated with a 1.09 times greater risk of hypertension. The OR
of any pattern of FH of hypertension examined in our study was
almost equal to an increase in sodium intake of 4g/day. Similarly,
the OR in individuals with an FH of hypertension in both parents
and 1 or more grandparents was equivalent to an increase of
sodium intake of 13g/day. Although lifestyle modification is
always necessary to prevent hypertension regardless of the
presence or the absence of an FH, our findings suggested that it
could be difficult to cancel out the risk of an FH involving a high
concentration of family members by just lowering daily sodium
intake.
An FH has been used as a simple and inexpensive surrogate

marker for genetic factors. Genome-wide association studies
revealed many susceptibility genes for the incidence of
hypertension.[21–24] It is known that a single susceptibility gene
increases disease risk only 1.2 to 1.3 times. Individuals who have
a combination of the highest risk genotype have about twice as
high a risk of developing hypertension than those with a



[25] People’s Republic of China Study. Asia Pac J Public Health 2012;24:
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combination of the lowest risk genotypes. This risk
corresponded to the OR in individuals with the highest
concentration of an FH of hypertension in our study. Although
the effects of the intrafamily living environment are involved in an
FH but not a genotype, according to our results an evaluation of
FH could be as sensitive as the current most advanced genetic test
for predicting incident hypertension.
The strengths of the present study were its prospective

design as well as cross-sectional design and one of the largest
sample sizes in this type of study. This enabled us to separate
individual components of the FH in detail in assessing the impact
of an FH on incident hypertension. We could also clarify the
interaction between FH and other well-known risk factors for
hypertension.
Our study had several limitations. First, although the incidence

of hypertension can be considered similar to the results of a
previous study in Japan,[26] this value was lower than that in
Western countries.[27] Therefore, the study results might be
limited to an ethnic Japanese population. Further studies are
needed to confirm these results in other ethnic groups. Second,
FHwas assessed by a simple questionnaire andwas therefore self-
reported. We could not deny the possibility of recall bias and
misclassification errors. However, high sensitivity was shown for
reporting an FH of hypertension. Bochud et al[28] reported that
when history (in siblings) could be evaluated, sensitivity and
specificity of a history were 90% and 55% for hypertension,
respectively. Third, we did not evaluate waist circumference at
baseline, which might have provided more information about
abdominal fat accumulation than BMI measurements. Thus, in
obese individuals, ORs for hypertension might have been over- or
underestimated. Fourth, our study included participants who
underwent a routine health examination, and these individuals
might pay more attention to their health than those who do not
take such examinations.[29,30]
5. Conclusion

In conclusion, our findings demonstrated that a quantitative
evaluation of an FH of hypertension according to individual
components is possible and essential to evaluate the risk of
hypertension. An FH of hypertension over 2 generations that
included both parents was a strong risk factor for hypertension.
Although an FHof hypertension is a quite independent risk factor
for incident hypertension, its effect could be weakened by
improvement of modifiable risk factors.
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