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Abstract. Purpose We performed a study to determine the effects and
influencing factors of a hypertension health management (HHM) program in
elderly residents of Chengguan District in Lanzhou City, Gansu Province,
China.
Methods Two hundred seventy-nine elderly residents (aged over 60 years) in

Chengguan District were recruited to participate in a virtual nursing home for
this study in January 2017. During the following ten months, HHM, including
periodic monitoring of blood pressure (BP), health education, and social sup-
port, was performed by 11 health management specialists (all with nurse
qualification certificates) from Lily Eldercare Center. The BP of all 279 par-
ticipants was measured every week. Information regarding BP and other records
was integrated into the Lily Health Eldercare Cloud Platform, which was sup-
ported by an information technology (IT) foundation. The primary outcome
measure was BP control at levels lower than 140/90 mmHg. BP levels before
and after the intervention were compared.
Results after ten months of intervention, BP was significantly decreased

(P < 0.05). Systolic blood pressure (SBP) was reduced by 8.98 ± 15.55 mmHg
(1 mmHg = 0.133 kPa), and diastolic blood pressure (DBP) was reduced by
4.86 ± 11.17 mmHg. A significant difference was observed between the pro-
portion of BP control before and after health management (2.58% vs 77.57%,
2 = 23.64, P < 0.05). In addition, the changes in BP values were associated with
alcohol consumption, dietary preference, and life satisfaction.
Conclusions At-home healthcare management with BP monitoring provided

by Lily Eldercare Center significantly improved BP control in the elderly
community in an undeveloped area of China.
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1 Introduction

As the leading cause of death globally, noncommunicable diseases(NCDs) were
responsible for 38 million (68%) of the world’s 56 million deaths in 2012 [1]. Nearly
80% of these deaths occurred in low- and middle-income countries (LMICs) [2].
Hypertension, defined as a blood pressure (BP) measurement greater than
140/90 mmHg, is the most prevalent modifiable risk factor for cardiovascular disease
(CVD). Medical treatment of hypertension reduces cardiovascular morbidity and
mortality in the elderly, and all guidelines recommend lifestyle modifications and
medical treatment for elderly patients whose BP exceeds prescribed thresholds and who
are at moderate or high risk for CVD [3]. Since early detection of hypertension con-
tributes to the prevention and reduction of the onset of CVD [4], determining hyper-
tension risk factors and establishing a real-time, accurate and coordinated BP
information network will facilitate the early prevention and effective management of
hypertension and improve individual health conditions.

The aging of the population means that the proportion of elderly (� 65 years)
individuals is growing rapidly worldwide. The attendant increase in the prevalence of
hypertension and other comorbidities is a major concern as the population ages [5].
Although many aspects of hypertension prevention, diagnosis and treatment are shared
between young and older people, some issues are unique to the elderly and require
attention while caring for the elderly. Establishing community-based elderly care ser-
vice systems has become one of the major strategies for addressing aging issues.
Iranian scientists conducted a comprehensive study of trends in the prevalence,
awareness, treatment and control of hypertension. They evaluated the effect of an
expanded chronic care model (ECCM) on hypertension control, treatment and self-care
[6]. The current Chinese community-based elderly care service system is not integrated,
which causes serious fragmentation problems. To address this critical issue, the civic
affairs bureau of Chengguan District of Lanzhou City launched a “medical and health
integration” initiative that includes an integrated hypertension care model (IHCM) for
disadvantaged elderly individuals. The IHCM utilizes the Lily Health Eldercare Cloud
Platform information technology (IT) capacity to integrate the elderly, their families,
primary care physicians in their community and home-care providers to regularly
manage hypertension in the elderly. We formed a multi-disciplinary research team with
strong scientific research and engineering expertise and extensive collaboration expe-
rience to assess the performance of the IHCM. However, limited evidence exists
regarding whether the IHCM is effective, which is a major and vital part of the network.

Therefore, we performed this study to determine the effects and influencing factors
of home healthcare management via IT on BP control for the elderly in a low-resource
setting in China.
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2 Methods

2.1 Study Design

We explored the effects and relevant factors of home-care hypertension management on
BP control for elderly individuals in Lanzhou City, Gansu Province, which is an
underdeveloped area of China. In January 2017, 279 men and women older than 60
years who were low-income permanent residents and had no major disability were
identified through official residential records and invited to participate in a virtual
nursing home (i.e., a home-care model) organized by the local civic affairs bureau. At
the baseline survey, detailed socio-demographic, lifestyle and medical data were col-
lected using a laptop-based questionnaire. In the following ten months, hypertension
health management (HHM), including periodic BP monitoring, health education, and
social support, was conducted by 11 health management specialists (all with nurse
qualification certificates) from the Lily Eldercare Center.

The BP of all 279 participants was measured every week. Two measurements were
obtained after participants had remained at rest in a seated position for at least five
minutes. If the difference between the two measurements was >10 mmHg for the
systolic blood pressure (SBP), a third measurement was made, and the last two mea-
surements were recorded. The mean of the two recorded values was used for analysis.
Hypertension was defined as SBP � 140 mmHg, diastolic blood pressure
(DBP) � 90 mmHg, and/or self-reported treatment of hypertension with antihyper-
tensive medication in the last 2 weeks, according to the Chinese Guidelines on
Prevention and Control of Hypertension [7] and the Sixth Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure guidelines
[8]. All the records were summarized on the Lily Eldercare Cloud Platform. Control of
hypertension was defined as an average SBP less than 140 mmHg and an average DBP
less than 90 mmHg. The primary outcome measure was control of BP to levels lower
than 140/90 mmHg, and each patient’s BP was compared between before and after the
HHM intervention. Questionnaires about lifestyle and a range of physical measure-
ments, including height, weight and BP, were administered at the end of the study. The
smoking or drinking habits were recorded according to the patient’s self-report.
Smoking was graded as “never”, “light” (� 10 cigarettes/day) and “heavy” (>10
cigarettes/day), in which the latter two were labeled “yes”. Drinking was graded as
“never”, “infrequent” (� twice/week, >1 glass of wine or equivalent each time) and
“frequent” (>twice/week), in which the latter two were labeled “yes”. BMI was divided
into different groups according to the “Criteria of Weight for Adults” released by the
National Health and Family Planning Commission (NHFPC) of China in 2013, which
defined four groups according to the following BMI (kg/m2) values: underweight
(<18.5), healthy (� 18.5 to <24), overweight (� 24 to <28), and obese (� 28) [9].

2.2 Statistical Analysis

Statistical analysis was performed using the SAS version 9.1.3 service pack 4 (SAS
Institute Inc., Cary, NC, USA). Descriptive statistics were used to summarize partic-
ipant characteristics. Qualitative variables are presented as frequency distributions
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and percentages, and quantitative variables are summarized as the mean with the
standard deviation (SD). The mean SBP and DBP were calculated for each calendar
week of the 10-month study period. To analyze the differences between the baseline and
the follow-up measurements, t tests and ANOVA were performed for continuous
variables, and the v2 test was performed for categorical variables. All P values rep-
resent two-sided tests. For all analyses, a P-value of less than 0.05 was considered
statistically significant.

2.3 Ethical Considerations

Ethics approval was obtained from the Ethics Review Committee of the Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing, China
(X170315009). All study participants provided written informed consent.

3 Results

The main characteristics of the study participants are shown in Table 1. More than half
the elderly participants were female (68.1%). The overall mean age was 76.83 ± 6.95
years. A total of 28.7% of the participants were overweight, and 5.0% were obese. The
monthly mean family income of the elderly participants in the virtual nursing home was
only 780 yuan, and the vast majority (67.00%) had only a primary school education
level or below, indicating very low education and income levels.

After ten months of HHM, BP values were significantly decreased (P < 0.05).
The SBP was decreased by 8.98 ± 15.55 mmHg (1 mmHg = 0.133 kPa), and the
DBP was decreased by 4.86 ± 11.17 mmHg. Figures 1 and 2 show the time trends in
SBP and DPB, respectively, during the study period.

Table 1. Demographic characteristics of participants

Description N (%) Description N (%)

Sex Family monthly income
Male 31.90 � 600 52.33
Female 68.10 >600 47.67
Age (years) Education level
60–69 15.8 � Primary 67.0
70–79 49.5 � Junior high school 23.7
80–89 31.0
90–99 3.8
BMI
Normal 66.3
Overweight 28.7
Obese 5.0
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Fig. 1. Trend of systolic blood pressure (SBP) values after health management.
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Fig. 2. Diastolic blood pressure (DBP) values after health management.

The Effect of Hypertension Health Management (HHM) Using IT for the Elderly 181



Approximately half (55.6%) of the elderly subjects had uncontrolled high blood
pressure (HBP) at the beginning of the study. A significant difference was observed in
the proportion of HBP control between baseline and after HHM (38.4%, 2 = 23.64,
P < 0.05). The BP control rate was 77.57% after the intervention.

The changes in BP values were associated with alcohol consumption, dietary
preference, and life satisfaction; control of SBP and DBP was significantly improved in
the elderly with higher life satisfaction (P = 0.01 and 0.002, respectively), and DBP
control was significantly improved in the elderly with no alcohol consumption
(P = 0.01) or a light diet (P = 0.04). However, no significant association was detected
for smoking, physical exercise, or social relationships, and the results remained
unchanged in the subgroup analyses by sex, age and BMI (Table 2).

Table 2. Analysis of factors affecting the effect of blood pressure control.

Levene’s test t P-value

Smoking (yes or no)
SBP 0.232 −0.702 0.483
DBP 0.490 0.863 0.389
Alcohol consumption (yes or no)
SBP 0.786 1.048 0.295
DBP 0.825 2.628 0.009*
Tea consumption (yes or no)
SBP 0.865 −1.805 0.072
DBP 0.996 −0.174 0.862
Prefers salty taste (yes or no)
SBP 0.604 1.438 0.152
DBP 0.400 2.128 0.035*
Exercise (yes or no)
SBP 0.119 0.512 0.609
DBP 0.782 0.988 0.325
Life satisfaction Levene’s F P-value
SBP 0.373 4.934 0.008*
General vs. satisfied 0.040*
Satisfied vs. unsatisfied 0.024*
Unsatisfied vs. general 0.503
Life satisfaction Levene’s F P-value
DBP 0.897 6.421 0.002*
General vs. satisfied 0.018*
Satisfied vs. unsatisfied 0.007*
Unsatisfied vs. general 0.362
BMI Levene’s F P-value
SBP 0.294 0.913 0.402
DBP 0.792 1.069 0.345
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4 Discussion

Rising BP is an important and common modifiable risk factor for CVD and related
diseases, including stroke and chronic kidney disease [10]. Although evidence suggests
that lowering BP substantially reduces this risk, strategies to achieve sustained BP
control are complex, especially in the elderly. These strategies include modifying a
range of behaviors related to health, including attending clinic appointments, taking
medication regularly and continuing treatment [11, 12]. In addition to treating hyper-
tension, the physician must treat other modifiable cardiovascular risk factors in patients
with or without diabetes mellitus or chronic kidney disease to reduce cardiovascular
events and mortality. Moreover, a particular form of hypertension, most prevalent
among the elderly, is isolated systolic hypertension (ISH). Hypertension in the elderly
should be treated, especially when the SBP exceeds 160 mmHg. Lowering the SBP to
less than 150 mmHg confers substantial cardiovascular protection [13].

4.1 Main Findings

The ten-month HHM intervention using IT (with a 0% rate of loss to follow-up) may
have been responsible for the downward trend of BP values. The association was
stronger in older people with a lighter diet or higher life satisfaction.

An upward trend was observed in SBP (Fig. 1) and DBP (Fig. 2) during the last
few weeks, probably due to the decrease in temperature and changes in daily living
habitats caused by the seasonal shift. BP is strongly inversely associated with outdoor
temperature in Chinese adults across a range of climatic conditions, although access to
home central heating appears to remove much of the association during the winter
months. Seasonal variation in BP should be considered in the clinical management of
hypertension [14]. People perform less physical activity and eat more during colder
months; for example, they have increased salt intake (such as from pickled vegetables)
and reduced fluid excretion during the cold season, which may be responsible for
increases in BP.

The adoption of the Lily Health Eldercare Cloud Platform enabled us to study
dynamic changes in the health status of the elderly, especially BP, by conjoined
analysis of behavioral data and health indicators drawn from multidimensional data
sources. Our study on HHM via IT will help transmit all related data regarding the
elderly and share information electronically among primary care physicians, family
members and professional caregivers. This will contribute to the further improvement
of the elder-oriented integrated hypertension care model.

4.2 Strengths and Limitations

Despite these strengths, there are several limitations of our current study. First, given
the confounding factors, a control group should be included to increase the statistical
power. Second, the follow-up time should be increased. Lastly, additional participants
need to be recruited in similar areas of China. Further good-quality studies are needed
to validate our results.
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4.3 Implications

This study provides a feasible, effective and integrated hypertension care model for
establishing the IT-based Lily Health Eldercare Cloud Platform. It will play a key role
in elderly health and research policy and provide a suitable model for implementing
appropriate hypertension management measures at the provincial and national levels.

5 Conclusions

Our study provided empirical evidence regarding the effectiveness of home healthcare
management for hypertension via IT. The intervention provided by the Lily Eldercare
Center resulted in significant improvements in BP control in elderly individuals in a
Chinese underdeveloped community, especially in non-drinkers, those with higher life
satisfaction, and those with a light diet.
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