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Effectiveness of Lifestyle and Drug Intervention
on Hypertensive Patients: a Randomized Community
Intervention Trial in Rural China
Jing Xiao, MD, PhD1,2, Wen-Long Ren, MD, PhD1, Yuan-Yuan Liang, MD1,
Huan Shen, MD1, Yue-Xia Gao, MD, PhD1,2, Min-Jie Chu, MD, PhD1,2, Zhou Li, BD1,
Xiao-Jian Wang, MD3, Zuo-Feng Zhang, MD, PhD2, Xun Zhuang, MD, PhD1,2, and
Yong-Fu Yu, MD, PhD2,4

1Department of Epidemiology and Medical Statistics, School of Public Health, Nantong University, Nantong, Jiangsu, People’s Republic of China;
2Department of Epidemiology, Fielding School of Public Health, University of California Los Angeles, Los Angeles, CA, USA; 3Department of Chronic
Disease and Prevention, Center for Disease Control and Prevention of Haian, Nantong, People’s Republic of China; 4Department of Clinical
Epidemiology, Aarhus University, Aarhus, Denmark.

BACKGROUND: Strict medication guidance and lifestyle
interventions to manage blood pressure (BP) in hyperten-
sive patients are typically difficult to follow.
OBJECTIVE: To evaluate the 1-year effectiveness of life-
style and drug intervention in the management of rural
hypertensive patients.
DESIGN: Randomized community intervention trial.
PARTICIPANTS: The control group comprised 967 pa-
tients who received standard antihypertensive drug inter-
vention therapy from two communities, whereas the in-
tervention group comprised 1945 patients who received
antihypertensive drug and lifestyle intervention therapies
from four communities in rural China.
MAIN MEASURES: Data on lifestyle behaviors and BP
measurements at baseline and 1-year follow-up were col-
lected. A difference-in-difference logistic regressionmodel
was used to assess the effect of the intervention.
KEY RESULTS: BP control after the 1-year intervention
was better than that at baseline in both groups. The
within-group change in BP control of 59.3% in the inter-
vention groupwasmuchhigher than the 25.2% change in
the control group (P < 0.001). Along with the duration of
the follow-up period, systolic and diastolic BP decreased
rapidly in the early stages and then gradually after
6 months in the intervention group (P < 0.001). In the
intervention group, drug therapy adherence was in-
creased by 39.5% (from 48.1% at 1 month to 87.6% at
1 year) (P < 0.001), more in women (45.6%) than in men
(31.2%; P < 0.001). The net effect of the lifestyle interven-
tion improved the rate of BP control by 56.1% (70.8% for
men and 44.7% for women). For all physiological and

biochemical factors, such as body mass index, waist cir-
cumference, lipid metabolism, and glucose control, im-
provements were more significant in the behavioral inter-
vention group than those in the control group (all
P < 0.001).
CONCLUSION: The addition of lifestyle intervention by
physicians or nurses helps control BP effectively and
lowers BP better than usual care with antihypertensive
drug therapy alone.

KEY WORDS: hypertension; lifestyle intervention; effectiveness; blood

pressure control rate.
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INTRODUCTION

The World Health Organization estimated that globally, ap-
proximately 40% of adults aged ≥ 25 years have hyperten-
sion.1 Hypertension causes approximately 7.5 million deaths
and 57 million disability-adjusted life years.2 It is the main risk
factor for coronary artery disease (CAD), stroke, and heart
failure and can lead to adverse effects on health if left uncon-
trolled.3 Improved management of hypertension can prevent
strokes and heart attacks.4 Improving blood pressure (BP)
control among hypertensive patients is a critical area of focus
in clinical medicine.5 However, BP control rates remain poor.6

In 115 communities in China, the rate of awareness of hyper-
tension was 41.6%, rate of treatment was 34.4%, and rate of
control was only 8.2%.7

Simultaneous lifestyle modification and antihypertensive
drug therapy has been considered effective for hypertension
control.8 Lifestyle modifications such as dietary adjustments,
smoking cessation, and regular exercise could reduce BP and
prevent hypertension-related cardiovascular events.9, 10 How-
ever, the effectiveness of lifestyle interventions is still not well
understood. Some previous studies on the effectiveness of
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lifestyle interventions had small sample sizes. The diffi-
culty in implementing behavioral interventions through
individual or home-based self-management methods11, 12

poses a major challenge in conducting intervention stud-
ies with a large sample of hypertensive patients while
simultaneously maintaining strict supervision of patient
medication and lifestyle interventions by medical profes-
sionals. This is particularly difficult among rural Chi-
nese patients because of the shortage of rural physicians
in China and the bad connotation associated with inter-
vention treatments among rural people, many of whom
are migrant workers. Furthermore, suboptimal compli-
ance with lifestyle interventions is often highly preva-
lent, with less than 10% of hypertensive adults fully
compliant with dietary recommendations and 35% com-
pliant with exercise recommendations in developed
countries.13, 14 Therefore, the effectiveness of lifestyle
interventions needs to be investigated with a relatively
large population in developing countries. We conducted
the Haian Hypertension Patients Intervention Study
(HHPIS) to evaluate the effectiveness of 1-year lifestyle
intervention management on BP control and other bio-
chemical variables among rural Chinese hypertensive
patients.

METHODS

Study Design

We conducted a randomized community intervention trial to
evaluate the effect of behavior intervention on BP control,
using a within-group assessment with measurements obtained
at baseline and after 1 year of follow-up (Fig. 1). At baseline,
six Haian county communities with 12,892 participants aged
18–75 years were recruited for HHPIS and randomized into
the control or intervention group in a 1:2 ratio. The control
group comprised patients from two randomly chosen commu-
nities who received only standard drug intervention therapy.
The intervention group comprised patients from four random-
ly chosen communities who received standard drug interven-
tion therapy plus an additional lifestyle intervention. These
communities operated independently. Their populations had
comparable socioeconomic and cultural standings. Patients
with essential hypertension (systolic blood pressure [SBP] ≥
140 or diastolic blood pressure [DBP] ≥ 90 mmHg) or who
were taking antihypertensive therapy were identified between
March and May 2011 during in-person interviews. Patients
who had secondary hypertension, a history of myocardial
infarction or stroke within the preceding 3 months, or presence
of communication barriers or other serious illnesses that could
affect the diagnosis and treatment of hypertension were ex-
cluded. The Board of Scientific Research of Nantong Univer-
sity and the ethical committee of the Haian Center for Disease
Control and Prevention approved the study protocol. All par-
ticipants provided written informed consent.

Intervention Method

Community physicians and nurses administered the drug in-
tervention therapy and additional lifestyle intervention. The
study investigators held two 60-min training lectures at base-
line and the end of 6 months and three 30-min group training
sessions at the end of 3, 9, and 11 months for community
physicians and nurses to address optimal pharmaceutical ther-
apies and lifestyle interventions for treating hypertension.
After the survey questionnaires were collected at baseline,
drug therapies were administered in the form of targeted drugs
and dosages selected by community physicians based on the
patients’ BPs. The community physicians also monitored drug
therapy adherence and the patients’ BPs twice monthly during
regular follow-ups, and provided appropriate medical advice
and drug adjustments. The community physicians collected
the daily record of the dosage of the antihypertensive medica-
tion taken from the patients every 2 weeks. Patients in the
intervention group attended two 60-min individual counseling
sessions every 4 weeks until the end of the study and were
educated orally and in writing about eating foods with low salt
and oil contents; increasing their intake of vegetables, fruits,
and milk; consuming white meat (poultry) instead of red meat
(beef, lamb, and pork); consuming fish at 1–2 meals per week;
performing moderate (e.g., jogging and dancing) or vigorous
(e.g., playing basketball or badminton) exercise for ≥ 3 h per
week; and discontinuing smoking and drinking. Implementa-
tion of these instructions was monitored by the community
physicians twice a month and by the community nurses every
3 days throughout the 1-year follow-up. The patients, com-
munity physicians, and nurses received no other intervention
training. Data regarding lifestyle behaviors, biochemical fac-
tors, anthropometric measurements, and familial disease his-
tories were collected from each participant in the two groups at
baseline and at 1-year follow-up using standard question-
naires. The participants’ BP and drug therapy adherence were
evaluated and BP control was determined monthly. The rate of
BP control was the proportion of patients with controlled BP
among those taking antihypertension drugs. Drug therapy
adherence was calculated as the dosage of antihypertensive
medication taken divided by the amount prescribed for
1 month during the 1-year follow-up. Based on Chinese
guidelines for the management of hypertension (treatment
with antihypertensive drugs), we defined BP control as achiev-
ing SBP < 140 and DBP < 90 mmHg for general hypertensive
patients; SBP < 130 and DBP < 80 mmHg for hypertensive
patients with diabetes, coronary heart disease, or chronic ne-
phrotic; and SBP < 150 and DBP < 90 mmHg for elderly
hypertension patients aged ≥ 65 years.15

Anthropometric and Biochemical
Measurements

At baseline and 1-year follow-up, weights and waist circum-
ferences were measured twice. If the difference between the
two measurements exceeded 1 kg or 1 cm, a third

3450 Xiao et al.: Lifestyle and Drug Intervention on Hypertension JGIM



measurement was taken. The average coefficients for the intra-
observer variation were both < 0.2%. Therefore, the average of
the two readings was used.
SBP and DBP were measured three times at both baseline

and 1-year follow-up by community nurses after the partici-
pants had rested for 5 min or longer. The average of the three
measurements was used. Overnight fasting blood samples
were drawn at baseline and 1-year follow-up. The length of
fasting times was verified to be at least 8 h. Serum total
cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-c), fasting blood glucose (FBG) and serum
creatinine (SCr) levels were measured enzymatically using an
automated chemistry analyzer (Beckman Coulter AU480-
Beckman Coulter, Brea, CA, USA) within 6 h of the sample
separation. All tests were conducted in the Haian Center for
Disease Control and Prevention. Blinded sample quality con-
trol was conducted in the Jiangsu Provincial Center for Dis-
ease Control and Prevention.

Lifestyle Factors and Disease History

Smokers were defined as patients who had smoked ≥ 1 ciga-
rette per day during the previous month. Drinkers were

defined as patients who consumed > 0.5 ounces of pure alco-
hol per week during the previousmonth, which was equivalent
to 4 ounces of grape wine, 4.8 ounces of rice wine, 12 ounces
of beer, or 1 ounce of liquor.16 Patients were questioned about
their familial histories of hypertension, CAD, stroke, and
diabetes. We evaluated the frequency at which they consumed
fruits and vegetables (daily, weekly, monthly, yearly, or nev-
er), and the amount consumed in liang (1 liang = 50 g) per unit
of time. Exercise was defined by moderate and vigorous
physical activities (≥ 3 h per week of aerobic exercise) and
daily participation in strengthening exercises during leisure
time. Each participant was evaluated at baseline and 1-year
follow-up.

Statistical Analyses

Continuous variables are described as means ± standard devi-
ations (x � s). We used the paired t test to compare values
within and the t test to compare within-group changes be-
tween groups. Two-way analysis of variance was used to
determine the interaction effect between the intervention meth-
od and intervention time in the multiplication model. Categor-
ical variables are expressed as percentages and were

Fig. 1 Study design and flow of participants in the randomized community trial.
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compared between groups and between groups difference in
within-group changes using Pearson’s chi-square and within-
group difference using paired chi-square tests. We also com-
pared between groups difference in within-group changes using
theMann-WhitneyU test if the changes were positive for one and
negative for another. A difference-in-difference (DID) logistic
regression model was used to assess the net effect of the inter-
vention,17 from which we estimated odds ratios (ORs) and 95%
confidence intervals (CIs). All statistical analyses were per-
formed using SAS 9.4 software (SAS Institute, Cary, NC, USA)
and considered statistically significant if P values < 0.05.

RESULTS

Baseline Characteristics

At enrollment, the control group comprised 1019 individuals
from two communities and the intervention group comprised
2063 individuals from four different communities. There were
52 individuals who withdrew from the control group and 118
who withdrew from the intervention group (Fig. 1). After 1-
year follow-up, 2912 patients completed follow-up question-
naires (967 patients in the control group with a response rate of
98.2% and 1945 patients in the intervention group with a
response rate of 95.9%), 426 of whom were newly diagnosed.
In general, the intervention group was less educated and more
likely to be farmers than were the control group. Furthermore,
the percentages of patients newly diagnosed with hypertension
were similar in the intervention (14.8%) and control groups
(14.3%) (Table 1).

Intervention Effectiveness on BP Treatment and
Control

The percentage of participants who received pharmaceutical
treatments gradually increased in the intervention group
(P < 0.001) and reached 100% at the end of the 1-year
follow-up (Fig. 2). In this group, patients’ adherence to med-
ication increased steadily with the duration of the follow-up
period (P < 0.001), from 48.1% at the 1-month follow-up to
87.6% (91.9% among women and 81.8% among men), which
was higher than the 57.2% in the control group at the end of
the 1-year follow-up (Table 2). Adherence was stable among
male patients (P > 0.05) and increased continually among
female patients (P < 0.05) at 9-month and 1-year follow-up.
BP control and the duration of the follow-up increased from

baseline to the 9-month follow-up (P < 0.001) and tended to be
stable after that in the intervention group (Fig. 2). Better BP
control was observed at the 1-year follow-up than at baseline
(the within-group change of BP control of 59.3% in the
intervention group was greater than the 25.2% change in the
control group (P < 0.001)) (Table 2). Moreover, SBP/DBP
decreased rapidly in the early stages and gradually after the
6-month follow-up (P < 0.001) in the intervention group (Fig.
2). By the end of 1-year follow-up, the corresponding within-

group change of SBP/DBP of 14.0/9.7 mmHg in the interven-
tion group was significantly higher than the 8.0/5.5 mmHg
change in the control group. Similar results were observed in
both sexes, and there was no difference in the intervention
effect between the sexes. The interactions between the inter-
vention time and intervention method on BP (Table S4, online
appendix) showed that lifestyle intervention therapy for hy-
pertension further reduce SBP and DBP (P < 0.001).

Intervention Effects on Behavioral Lifestyle
Factors

At baseline, the patients’ behavioral lifestyle factors were
similar between the intervention and control groups
(Table S2, online appendix). All lifestyle factors significantly
improved at the 1-year follow-up in the intervention group;
however, in the control group, vegetable intake in women and
drinker in men significantly improved. All lifestyle factors

Table 1 Baseline Characteristics of Rural Hypertensive Patients.

Variables Intervention group
(n = 1945)

Control group
(n = 967)

P

Age at interview
(x � s, yrs)

57.72 ± 7.50 58.05 ± 8.86 0.325

Course of
hypertension
(x � s, yrs)

5.22 ± 4.06 5.30 ± 3.09 0.561

Sex (n (%))
Men 829 (42.6) 380 (39.3) 0.086
Women 1116 (57.4) 587 (60.7)

New cases (n (%))
Yes 288 (14.8) 138(14.3) 0.700
No 1657 (85.2) 829(85.7)

Marital status (n (%))
Single 25 (1.3) 7 (0.7) 0.270
Married 1802 (92.6) 893 (92.4)
Divorced/

widowed
118 (6.1) 67 (6.9)

Education (n (%))
Primary and

below
1674 (86.1) 850 (87.9) <

0.001
Middle school 227 (11.7) 66 (6.8)
High school and

above
44 (2.2) 51 (5.3)

Farmer (n (%))
No 859 (44.2) 609 (63.0) <

0.001Yes 1086 (55.8) 358 (37.0)
Familial history of hypertension (n (%))
No 1616 (83.1) 795 (82.2) 0.557
Yes 329 (16.9) 172 (17.8)

Familial history of CHD (n (%))
No 1916 (98.5) 943 (97.5) 0.059
Yes 29 (1.5) 24 (2.5)

Familial history of stroke (n (%))
No 1917 (98.6) 944 (97.6) 0.068
Yes 28 (1.4) 23 (2.4)

Familial history of diabetes (n (%))
No 1918 (98.6) 947(97.9) 0.170
Yes 27 (1.4) 20(2.1)

Smokers (n (%))
No 1545 (79.4) 777 (80.3) 0.562
Yes 400 (20.6) 190 (19.7)

Drinkers (n (%))
No 1496 (76.9) 748 (77.4) 0.791
Yes 449 (23.1) 219 (22.6)

Exercising (n (%))
No 1535 (78.9) 748 (77.4) 0.333
Yes 410 (21.1) 219 (22.6)

CHD coronary heart disease, yrs years
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improved significantlymore in the intervention group; there were
significant intervention effects on the patients’ behavioral life-
styles (Table S2, online appendix). For both sexes, there was a
significantly improved change in the within-group values in the
intervention group than in the control group (all P< 0.001).

Effects of Interventions on Physiological and
Biochemical Factors

As shown in Table S3 (online appendix), at the 1-year follow-
up, BMI and waist circumference in men and TC, TG, FBG,
SCr, and HDL-c levels among both sexes were significantly
improved in the intervention group (all P value for within-
group change were < 0.05). In the control group, many of
these factors worsened or were unchanged inmen andwomen;
only the SCr level was significantly decreased in both sexes,
but the within-group change was lower than that in the inter-
vention group (P < 0.001). For all measures, improvements
were larger in the behavioral intervention group than the
control group (Table S4, online appendix). The proportions
of patients taking lipid-lowering drugs were comparative in
the intervention group (21.2%) and control group (20.9%) at
the 1-year follow-up.

Difference-in-Difference Logistic Regression
Model of the Effects of Lifestyle Intervention on
BP Control

The OR for the intervention timewas 2.156, indicating that the
BP control rate increased by 115.6% (109.1% for men and

122.4% for women) at follow-up compared with baseline,
regardless of intervention. The DID values indicated that the
net effect of lifestyle interventions on hypertension increased
the BP control rate by 56.1% (70.8% for men and 44.7% for
women) when offsetting the effect of drug therapy between the
intervention and control groups (Table 3).

DISCUSSION

Lifestyle interventions, including dietary changes, increased
exercise, and smoking and drinking cessation, have been
shown to improve BP control rates18 and intensify the effects
of antihypertensive medications.19 We found that after 1 year
of the aforementioned lifestyle interventions, the BP control
rate in the lifestyle plus drug intervention group increased by
59.3%, which is much higher than 25.2% in the control group.
Our hypertension control rate is higher than that in
Daugherty’s report of 150,000 adults in the USA (41.2% in
men vs. 45.7% in women).20 The corresponding within-group
deviation of SBP/DBP 14.0/9.7 mmHg is significantly higher
than 8.0/5.5 mmHg. Furthermore, previous studies have
shown an inconsistent relationship in BP control between
men and women.21, 22 However, for both drug alone and drug
plus lifestyle intervention treatment, the BP control rate
showed non-significant differences in both sexes in our study.
Further research should focus on the difference in BP between
sexes regardless of the intervention.

Fig. 2 Treatment, adherence, and blood pressure (BP) control, and systolic (SBP) and diastolic (DBP) blood pressure over time among
hypertensive patients in the intervention group.
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The Dietary Approaches to Stop Hypertension (DASH)
intervention study clarified that diets rich in fruits and vegeta-
bles and low in fats and the DASH-sodium-restricted diet
could reduce BP.23, 24 However, these measures had no sig-
nificant association with decreased BP among Korean14 and
urban African American hypertensive patients.25 The DASH
diet plus exercise significantly reduced the daytime ambula-
tory SBP.11 Generally, dietary patterns are not easily altered
by basic education and supervision in a real-world clinical
setting within a short period. Additionally, low compliance
rates in these previous studies26 provided inconsistent conclu-
sions. However, we observed significant BP-lowering effects
related to primary exercise in combination with dietary inter-
ventions. The net effect of these lifestyle interventions im-
proved the BP control rate by 56.1% (70.8% for men and
44.7% for women). Aerobic or resistance exercises control
BP, and regular exercise is recommended for the primary
prevention of hypertension.27, 28 We considered that the total
behavioral modification, including a combination of dietary
modifications, exercise, decreased alcohol intake, and im-
proved medication adherence as opposed to modifying only
a single behavior, is important for improving the efficacy of
lifestyle modification. That may also have been more effective
for the control of hypertension.
In our study, drug therapy adherence increased by 39.5%

through monitoring patient performance by community phy-
sicians and nurses for 1 year. Women’s drug therapy adher-
ence (45.6%) increased more than men’s (31.2%) in the inter-
vention group, which is consistent with some previous stud-
ies,29, 30 but inconsistent with others considering that men
were more effectively compliant with the therapies than wom-
en over the year of follow-up.31, 32 Additionally, the improved
medication adherence effect in the intervention group could
also have contributed to improved BP control in this group.
The effects of the behavior interventions on lifestyle factors
were striking. The number of vegetables and fruits consumed
and the proportion of patients exercising significantly in-
creased, and the proportions of those consuming high-fat and
high-salt diets and smokers and drinkers significantly de-
creased in the within-group change in the intervention group
in both sexes. However, it is difficult for patients to make
changes to lifestyle behaviors on their own, which may be a
result of patients’ perceptions of personal and social barriers to
behavioral change.33 We identified these behaviors before
designing the interventions, and before the initiation of strict
monitoring and management by community physicians and
nurses. The percentage of participants in our study who re-
ceived pharmaceutical BP treatment significantly improved
during the study and reached 100% in both groups after 1 year
of follow-up, which is higher than the reported 50% in Chen
et al.’s study, also conducted in China.34 Finally, lifestyle
interventions helped increase drug therapy adherence. The
drug therapy adherence (87.6%) in the intervention group
was higher than that in the control group (57.2%) at the end
of the 1-year follow-up period. This may because
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interventions affecting multiple behaviors promote each other
more than two separate and unique behavioral changes. More-
over, epidemiological studies have established the association
between hypertension and obesity, diabetes, lipid abnormali-
ties,35, 36 and higher FBG levels.37 The net effect of our
lifestyle intervention therapy in hypertensive patients led to
lower BMI and waist circumferences in men and improved
lipid metabolism and SCr levels and decreased glucose levels
in both sexes; the control group did not have the same
improvements.
The primary strength of this study is that it was conducted

with a large population of rural Chinese adults with essential
hypertension. Community physicians and nurses serving as
the interventionists guided and monitored the antihypertensive
drug and lifestyle intervention therapies regularly. There were
also several potential limitations of the study. First, because of
an imbalance in the development of primary healthcare in
various regions in China, the study findings cannot be extrap-
olated to other populations among rural areas with poorer
economic conditions. Second, self-reported adherence to med-
ications and some lifestyle changes were based on the subjec-
tive judgments of the participants, which may have led to
some biases. Finally, the duration of this study was relatively
short (1 year), and some of the intervention effects may not be
reflected sufficiently.

CONCLUSIONS

Drug interventions alone lowered the BP and improved BP
control, while the intervention to improve overall lifestyle and
adherence to medication contributed to further improvement
of BP control and some physiological and biochemical factors
after a 1-year intervention in hypertensive patients in rural
China.
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