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Abstract
Age, family history, and body mass index (BMI) influence the prevalence of hypertension, but
very little is known about the interplay of these factors in Chinese populations. The authors
examined this issue in Chinese adults (n = 4104) in the People’s Republic of China Study. In
young adults (24–39 years), the prevalence of hypertension/1000 persons (95% confidence
interval [CI]) at the referent BMI was greater among subjects with a parental history of
hypertension (35; 15–54) compared with those without (7; 3–11). Among middle-aged (40–71
years) adults, the prevalence of hypertension was similar regardless of parental history; however,
the effect of BMI was modified by parental history status. For example, at BMI = 25 kg/m2, the
prevalence difference/1000 persons was 375 (95% CI = 245–506) and 97 (95% CI = 51–144)
among subjects with and without a parental history, respectively. These large differences call for
further investigation of the genetic and environmental factors that could be driving this interaction.
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Introduction
In China, the prevalence of hypertension among adults aged 18 years and older is substantial
(19%) despite low mean levels of body mass index (BMI; 23 kg/m2). 1 Rates of
hypertension are expected to rise as levels of obesity increase in China.1 Identifying
individuals who present with a greater risk for developing hypertension may help target
public health prevention efforts. Risk scores used to predict incident hypertension in
Caucasian populations incorporate measures of adiposity, parental history of hypertension,
and age.2 Each of these factors contributes to hypertension onset. Older age and higher
levels of BMI are well-established risk factors for hypertension in Chinese and other
populations3; however, the interaction of parental history of hypertension with obesity has
not been well examined and has largely been unexplored in the Chinese.

Parental history of hypertension is often collected in clinical and epidemiological settings, as
it captures aspects of shared genetic and environmental factors that are associated with
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hypertension. Research has shown a parental history of hypertension is associated with
higher levels of systolic and diastolic blood pressure among offspring, as well as a greater
risk of hypertension.4–6 The correlation of blood pressure levels between parent and
offspring has been observed across the life course, as early as at birth, and these associations
between parent–child blood pressure levels have been shown to continue through
adulthood.7

The aggregation of blood pressure within families is attributed to interactions between
shared genes and environments that result in physiologic and biochemical processes that
contribute to increased blood pressure.8 It is estimated that 30% to 60% of the
interindividual variation in blood pressure is attributed to genetic factors.9,10 In a Chinese
population, the correlation of blood pressure between parent and child was 0.16 for both
systolic and diastolic pressure.10 Genes that may be passed from parent to child, such as
variants in genes encoding angiotensin-converting enzyme, a-adducin, and aldosterone
synthase have been associated with higher systolic blood pressure in Chinese populations,
and these genes may predispose individuals to hypertension, especially when coupled with a
high-sodium diet.11

Epidemiologic studies that examine the association of parental history of hypertension and
BMI found that mean BMI levels among offspring with a parental history of hypertension
were typically higher, by approximately 0.5 kg/m2 or more in whites and blacks12–15 and by
0.2 kg/m2 in Japanese,5 compared with individuals with no parental history of hypertension.
The increased risk of hypertension associated with a positive family history in these
ethnicities persists after adjustment for BMI.4,5,12,13 Although individuals may develop
hypertension for reasons unrelated to obesity, it is important to note that hypertension and
obesity may share some common genetic and environmental risk factors.16 Yet it remains
unclear if parental history of hypertension may modify the effect of BMI on hypertension
and if the association varies by age. In this article, we address several related research
questions. Are individuals with a parental history of hypertension more susceptible to the
effects of obesity on blood pressure? Or are individuals with a parental history of
hypertension likely to develop hypertension regardless of their weight status, and therefore,
more resistant to the effects of obesity? Also, do these relationships vary by age?

Materials and Methods
Study Population

Data for this cross-sectional analysis were from the People’s Republic of China (PRC)
Study, which examined a community based sample of Chinese men and women from urban
and rural areas of Guangzhou and Beijing, China.17 Only data from Guangzhou were
included here as young adults were not studied in Beijing. Data were from eligible subjects
(n = 4445) collected in 1983 from men and women aged 24 to 71 years at the urban and
rural Guangzhou examination centers. Urban participants were currently working or retired
employees from 8 workshops of the Guangzhou Shipyard Company and rural participants
worked in 14 of the 21 agricultural villages in the Dashi Township of Panyu County at the
time of the 1981 census. Participants were excluded if data on BMI (n = 25), parental history
of hypertension status (n = 234), smoking (n = 21), or alcohol use (n = 61) were missing.
Following these exclusions, 1939 men and 2165 women were included in the analyses. The
institutional review board at each field center approved this study, and the analysis was
approved by the University of North Carolina at Chapel Hill Institutional Review Board on
research involving human subjects.
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Measurements
The Collaborative Studies Coordinating Center at the University of North Carolina at
Chapel Hill was responsible for protocols and training manuals for all measurements as well
as the review, processing, and analyses of all data. Data were collected by trained personnel.
Participants wore light clothing without shoes during collection of height, measured to the
nearest centimeter (cm), and weight, measured to the nearest kilogram (kg). BMI was
calculated as weight (kg)/height (m)2.

Blood pressure was measured 3 times using a random zero mercury sphygmomanometer on
the right arm with the participant seated. The average of the last 2 measurements was used in
the analyses. Blood pressure thresholds were based on the National High Blood Pressure
Education Program Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure. Participants were classified
as hypertensive if (a) systolic blood pressure was ≥140 mm Hg, (b) diastolic blood pressure
was ≥90 mm Hg, or (c) self-report of current antihypertensive medication use.

Demographic and lifestyle factors were collected with standardized interviewer administered
questionnaires. Cigarettes smoked per day (cig/d) were reported and alcohol consumed per
day (g/d) was derived from monthly alcohol consumption levels. Subjects reported highest
level of education attained (<senior middle school, senior middle school, and >senior middle
school). Parental history of hypertension was determined based on self-report of whether a
participant’s mother, father, both, or neither parent had high blood pressure. Subjects had the
option to report “unknown,” but this was not selected by any of the study participants.
Subjects were classified as having a parental history of hypertension if hypertension was
reported by at least one parent.

Statistical Analyses
Our primary objective was to examine the association of BMI with hypertension and
determine if this relationship varied by parental history of hypertension status and by age.
We found a significant (P = .02) 3-way interaction between BMI, parental history of
hypertension status, and age using the Wald test. We also examined effect modification by
gender using the Wald test with 1 degree of freedom, but this was not found (P > .1).
Therefore, logistic models were stratified into 24- to 39-year and 40- to 71-year age groups
and included a BMI–parental history of hypertension interaction, with BMI in the
continuous form. We calculated the adjusted prevalence per 1000 persons for BMI values 15
to 30 kg/m2 and the prevalence difference per 1000 persons using a BMI of 18.5 kg/m2, the
lowest value within the range of the normal BMI category, as the referent. The “prvalue”
command in Stata (Version 10.0) was used to calculate the prevalence and prevalence
difference.18 Estimates were adjusted to the mean age, cigarettes, alcohol use, and
distribution of gender and field center. The delta method was used to calculate the standard
errors and 95% confidence intervals for the prevalence and prevalence difference.

Results
Characteristics of the 4104 participants varied by age and by parental history of
hypertension status (Table 1). A parental history of hypertension was reported by 18.6% of
the study population. In both age strata, compared with subjects who reported a parental
history of hypertension, subjects who reported no parental history of hypertension had
slightly lower systolic and diastolic blood pressure, prevalence of hypertension, BMI and
education attainment but slightly higher consumption of alcohol and cigarettes. This sample
is quite thin as approximately one fifth of the young adults and one fourth of the older adults
had a BMI less than 18.5 kg/m2. For both age groups, BMI was positively associated with
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the prevalence difference for hypertension among both parental history groups (Figures 1
and 2). However, age-related differences in the associations of parental history of
hypertension and BMI with hypertension were observed.

Among young adults (24–39 years), the adjusted prevalence (95% confidence interval [CI])
of hypertension was significantly associated with hypertension prevalence. The prevalence
of hypertension at a BMI of 18.5 kg/m2 was approximately 4-fold greater among subjects
who reported a parental history of hypertension (35; 95% CI = 15–54) per 1000 persons)
compared with subjects who reported no parental history (7; 95% CI = 3–11) per 1000
persons; Table 2. The adjusted prevalence difference associated with an increase in BMI
>18.5 kg/m2 was similar between subjects regardless of parental history and almost identical
within the underweight (<18.5 kg/m2) and normal weight (18.5–24.9 kg/m2) categories
(Figure 1). This suggests that among young Chinese adults parental history of hypertension
is associated with hypertension among offspring, but parental history status does not modify
the prevalence difference of BMI with hypertension.

In middle-aged (40–71 years) adults, the adjusted prevalence of hypertension per 1000
persons at the reference level of BMI (18.5 kg/m2) was similar by parental history status: 77
(95% CI = 61–94) for subjects with no parental history and 61 (95% CI = 27–96) for
subjects with parental history (Table 2). Although the baseline prevalence at the referent
value was similar between groups, the prevalence difference for hypertension associated
with BMI varied by parental history (Figure 2). Across BMI, even at values within the
normal BMI range (18.5–24.9 kg/m2), the risk associated with BMI was greater among
subjects with a parental history of hypertension. This suggests that among middle-aged
adults, parental history of hypertension alone is not associated with a greater risk of
hypertension, but subjects with a parental history of hypertension are more sensitive to the
effects of obesity as observed by the greater prevalence difference for hypertension
associated with BMI.

Discussion
Our goal was to determine the association of BMI with prevalent hypertension in Chinese
adults and to examine if this relationship differed by parental history of hypertension and by
age. In both age groups, BMI was positively associated with hypertension prevalence.
However, the association of parental history with hypertension prevalence was not
consistent across age stratum. In the young adults (24–39 years), parental history was
associated with a 4-fold greater risk of hypertension but the effects of obesity on prevalence
differences were similar across parental history groups. In the middle-aged (40–71 years)
group, the prevalence of hypertension was similar by parental history status, but subjects
with a parental history of hypertension were much more susceptible to the effects of BMI as
observed by the associations with the prevalence difference.

When familial associations of blood pressure thresholds, were examined by age, studies in
Caucasians have shown parental hypertension that develops before age 60 is associated with
a greater risk of hypertension in offspring, whereas onset of parental hypertension at 70
years or older, was associated with no greater risk of hypertension in offspring than that of
the general population.4,19 It is thought that hypertension that occurs much later in life is
associated with weaker genetic and environmental factors that are less likely to be shared
between parent and child. One explanation as to why parental hypertension status was not
related to hypertension onset in the middle-aged adults in our sample may be related to
differences in age of hypertension onset among their parents. Data from the Johns Hopkins
Precursors Study, which included 1160 White medical students with more than 54 years of
follow-up, found that among subjects with parental history of hypertension in at least one
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parent, hypertension risk among offspring was highest in early adulthood (before age 35
years) and progressively declined with age.20 This was similar to our findings whereby
parental history was associated with hypertension in young adults but not middle-aged
adults. However, we cannot fully examine these associations as data related to the age of
hypertension onset among subjects or their parents were not collected in this study.

Few studies have explored the interaction of parental history of hypertension status and BMI
with hypertension risk. Examination of this relationship, which included Caucasians and
African Americans in the Atherosclerosis Risk in Communities Study (ARIC), indicated no
effect modification of parental history status by BMI.21 A cross-sectional study of 503
Swedish middle aged adults examined the independent and combined effects of parental
history and obesity (a relative BMI percentage of ≥120%) with hypertension.22 Compared
with non-obese subjects with no parental history of hypertension, the odds ratios, adjusted
for age, gender, and physical activity, were 3.0 (95% CI = 1.1–8.0) for a parental history of
hypertension, 4.8 (95% CI = 1.8–13.0) for obesity, and 9.1 (95% CI = 4.1–20.1) for the joint
effects of obesity and a parental history of hypertension. Another cross-sectional study that
examined the independent and joint effects of obesity (BMI > 26 kg/m2) and family history
of hypertension (in siblings and parents) with hypertension included a large Japanese sample
(n = 9914).23 Odds ratios, adjusted for age, gender, smoking, alcohol use, and exercise, were
graphed without confidence intervals. The approximate values were 2.4 for obesity, 2.8 for a
family history of hypertension, and 7.0 for their joint effects. In both the Swedish and
Japanese cohorts, the independent and joint effects of obesity and family history of
hypertension were associated with a greater risk of hypertension compared with non-obese
subjects with no parental history of hypertension. Although the risks of their joint effects
were larger than the sum of their independent effects, interactions between these factors did
not appear statistically significant.

A very limited number of studies have examined the association of parental hypertension
with offspring hypertension in the context of both age and obesity. In 1979, a nationwide
screening program of 720 000 U.S. whites and blacks found family history was
independently associated with hypertension prevalence in both 20- to 39-year-old and 40- to
64-year-old adults.24 When self-report weight class was also considered, the prevalence of
hypertension was 3 to 4 times greater among overweight individuals with a parental history
status compared with normal weight individuals with no parental history of hypertension.
Excess cases of hypertension attributed to overweight among individuals with a parental
history was 136 per 1000 among 20- to 39-year-olds and 262 per 1000 among the 40- to 64-
year-olds. To our knowledge, no other studies on hypertension have reported results by
weight and parental history of hypertension.

Parental hypertension status was not validated in our sample and therefore, recall and
information bias may be a problem. Reports of parental history of disease have been linked
to disease prevalence, access to care, family communication behaviors, and health-seeking
behaviors. These factors differ within and between populations. Among Chinese adults,
rates of hypertension awareness (44.7%), treatment (28.2%), and control (8.1%)25 are low
compared with rates in the United States where rates of awareness (75.7%), treatment
(65.1%), and control (36.8%) are much higher.26 If only about half of Chinese mothers and
fathers who were hypertensive were aware of their hypertension, offspring reports of
parental history status were most likely underestimated in our sample. Results from U.S.
studies suggest that the sensitivity and specificity of self-report parental history of
hypertension are fairly high, at 76% and 84%, respectively.27 These rates may not be
applicable to our population. A study of West Africans in Gambia28 found that subjects who
reported a family history of noncommunicable disease were younger, were more likely to
live in a city, have higher education status, and were more likely to be female. This was
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similar to our findings in which subjects reporting a parental history tended to be younger,
female, have higher education, and be from the urban center. Most likely, when examining
parental history status, this would bias our estimates toward the null. As hypertension
awareness changes across time, older individuals may be even less aware of parental history
of hypertension compared with younger generations.

Although our sample was population based, subjects were from one region in southern
China, Guangzhou. Regional differences in the prevalence of hypertension within China
have been observed.29 Hypertension is less common in southern China, where diet and
exercise patterns are substantially different from the north. In addition, the prevalence of
hypertension is lower in rural than in urban areas, which has also been suggested to be
related to higher levels of physical activity and lower levels of overweight. Diet and physical
activity patterns have evolved over time and dietary and physical activity patterns of
previous generations may have protected individuals from developing hypertension. The
lack of association between parental history of hypertension and hypertension prevalence in
the 40- to 71-year-olds may in part be because of shifts in dietary and physical activity
patterns or to other factors described above such as age-related differences in parental
hypertension onset and hypertension awareness.

In summary, interactions between BMI, parental history of hypertension, and age were
found to influence hypertension risk in Chinese. Strengths of this work include the large
population-based sample of Chinese, a group in which parental history of hypertension has
largely been unexplored, use of measured anthropometrics and blood pressure, and
estimation using difference rather than ratio measures.30 The present study may be limited in
that our analysis was cross-sectional, limited to one region of China, and information
regarding the age of hypertension onset among subjects were not collected. It is possible that
subjects in the 40- to 71-year-old age stratum may have developed hypertension during
young adulthood. Therefore, we cannot clearly separate the different findings between age
stratums. Additional limitations include a lack of dietary, physical activity, or parental BMI
data and use of self-report parental history of hypertension. The relationship between
parental history status, BMI, and age may be clarified with a prospective cohort begun in
early adulthood and collected validated measures of parental history status. Hypertension
and obesity are preventable risk factors for cardiovascular disease, which is a leading cause
of death in China. The interaction of BMI and parental history of hypertension on
hypertension prevalence has not been well studied and deserves further attention as this
information could help inform public health efforts designed to identify individuals at risk of
hypertension for prevention and early treatment.
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Figure 1.
Adjusted prevalence difference and 95% confidence interval for hypertension by body mass
index (BMI) and parental history of hypertension status in Chinese young adults (24–39
years)
Models adjusted to the mean age, cigarettes (smoked), alcohol consumed (g/d), and
distribution of gender and field center. Prevalence differences were computed using a BMI
of 18.5 kg/m2 as the referent.
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Figure 2.
Adjusted prevalence difference and 95% confidence interval for hypertension by body mass
index (BMI) and parental history of hypertension status in Chinese middle-aged adults (40–
71 years)
Models adjusted to the mean age, cigarettes (smoked), alcohol consumed (g/d), and
distribution of gender and field center. Prevalence differences were computed using a BMI
of 18.5 kg/m2 as the referent.
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Table 1

Demographic Characteristics of Chinese Adults by Age Group and Parental History of Hypertension Status,a

the People’s Republic of China Study (1983)

Parental History of Hypertension Status

Young Adults (24–39 Years) Middle-Aged Adults (40–71 Years)

Negative (n = 1866) Positive (n = 474) Negative (n = 1473) Positive (n = 291)

Age in years; mean (SD) 32.2 (4.0) 32.6 (3.9) 49.7 (6.7) 46.6 (5.4)

Gender (% women) 57.6 50.4 48.1 49.1

Body mass index in kg/m2; mean (SD) 20.1 (2.0) 20.4 (2.3) 20.2 (2.6) 21.0 (2.9)

Body mass index category (%)

 <18.5 kg/m2 20.6 18.4 27.0 23.0

 18.5 to <21.0 kg/m2 52.0 46.2 41.3 32.7

 21.0 to <23.0 kg/m2 19.8 22.8 18.9 21.3

 23.0 to <25.0 kg/m2 5.3 9.1 8.5 13.4

 25.0 to <27.5 kg/m2 1.9 3.0 3.4 7.6

 ≥27.5 kg/m2 0.5 0.6 0.9 2.1

Parental history of hypertension (%)

 Father 55.7 44.3

 Mother 38.0 47.8

 Both parents 6.3 7.9

Current cigarette or leaf smokers (%) 33.9 32.5 44.7 40.2

Cigarettes or leaf smoked in cigarettes/day; mean
(SD)

5.6 (9.4) 5.3 (8.9) 8.3 (12.0) 8.3 (12.0)

Current drinkers (%) 21.9 13.9 26.1 18.9

Alcohol consumed in g/day; mean (SD) 10.8 (33.9) 6.7 (26.4) 17.7 (47.7) 11.4 (38.1)

Educational attainment (%)

 <Senior middle school 77.3 56.8 85.4 76.3

 Senior middle school 13.7 28.3 5.0 10.0

 >Senior middle school 1.8 4.6 1.2 4.8

 Unknown 7.1 10.3 8.4 8.9

Field center (% urban) 43.0 75.5 44.9 69.1

Systolic blood pressure in mm Hg; mean (SD) 110.3 (11.2) 113.0 (11.6) 115.9 (17.9) 119.7 (20.4)

Diastolic blood pressure in mm Hg; mean (SD) 69.0 (8.8) 72.0 (9.2) 74.2 (10.4) 77.8 (11.4)

Hypertension status (%)

 Prehypertensiveb 22.8 25.3 27.7 29.2

 Hypertensivec 2.1 6.1 12.0 18.6

Blood pressure medication use (%) 0.2 0.2 1.0 2.8

a
Subjects were classified as having a positive parental history of hypertension if hypertension was reported by at least one parent and negative if

hypertension was not reported in either parent.

b
Prehypertensive includes subjects who were not hypertensive with a systolic blood pressure of 120 to 139 mm Hg or diastolic blood pressure of

80 to 89 mm Hg.

c
Hypertensive includes subjects with a systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or self-report of current

antihypertensive medication use.
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Table 2

Adjusted Prevalencea of Hypertension per 1000 Persons (95% CI) at a BMI of 18.5 kg/m2 by Age Group and
Parental History of Hypertensionb in Chinese Adults

Young Adults (24–39 Years) Middle-Aged Adults (40–71 Years)

Negative Positive Negative Positive

Hypertensionc 7 (3, 11) 35 (15, 54) 77 (61, 94) 61 (27, 96)

Abbreviations: CI, confidence interval; BMI, body mass index.

a
Model includes age, alcohol, smoking, gender, and field center.

b
Subjects were classified as having a positive parental history of hypertension if hypertension was reported by at least one parent and negative if

hypertension was not reported in either parent.

c
Hypertension was defined as a systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or self-report of current

antihypertensive medication use.
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