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ABSTRACT. Blood pressure levels were evaluated among 
prehypertension patients with associated cardiovascular risk factors 
to determine the effect of different interventions with respect to new 
endpoint events. A total of 1112 patients were equally and randomly 
divided into control, lifestyle, drug, and lifestyle + drug groups, 
and were followed-up for 12 months. We collected the age, height, 
weight, blood pressure, heart rate, blood lipid levels, blood glucose 
levels, and other clinical data from all subjects at the baseline and at 
the end of the follow-up period. The average systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) in the intervention groups 
were significantly reduced after the intervention (lifestyle + drug > 
drug > lifestyle). SBP and DBP were higher in the control group than 
before intervention (P < 0.05). Age, gender, heart rate, triglyceride 
(TG) levels, body mass index (BMI), alcohol consumption, and 
family history were the major factors affecting blood pressure. 
Increased BMI, TG, high-sensitivity C-reactive protein, alcohol 
consumption, family history, SBP, and DBP were major risk factors 
of hypertension. At the end of the follow-up period, there were 67 
cases of hypertension, 32 cases of diabetes, and 12 cases of the 
endpoint events. Hypertension and diabetes events were reduced 
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in the intervention groups relative to the control group (P < 0.05). 
The number of cases with incident cardiovascular endpoints did not 
differ among the three intervention groups (P > 0.05). Therefore, 
hypertension and related cardiovascular events can be controlled 
with different interventions.

Key words: Normal high blood pressure; Risk factors;
Intervention studies

INTRODUCTION

In recent years, prehypertension (PH) was introduced into the classification of blood 
pressure (BP), referring to BPs of 120/80-139/89 mmHg. Patients with PH have double 
the risk of developing hypertension in the future compared to individuals with lower BP 
(Chobanian et al., 2003). The PH population is a high-risk group who are likely to develop 
hypertension, cardiovascular, and cerebrovascular diseases. The risk of cardiovascular and 
cerebrovascular diseases is increased if PH is accompanied by high cholesterol, high blood 
sugar, obesity, or one or more cardiovascular risk factors. Epidemiological studies have 
shown that in the 35- to 64-year-old population, the occurrence rate of PH is 32.2% (Sun and 
Zhao, 2005). In the middle-aged population, the incidence of hypertension for BPs between 
120-129/80-84 mmHg and 130-139/85-89 mmHg are 45 and 64%, respectively (Zhao et al., 
2006). In an 11-year follow-up study of 7000 normotensive individuals, Vasan et al. (2001) 
found an incidence of 25% PH, which showed 1.5- to 2.5-fold increased chance of stroke or 
heart failure compared to the normal population.

Currently, lifestyle interventions for the PH population, such as salt restriction, in-
creased exercise, and smoking cessation, can be effective in reducing BP levels; however, 
certain difficulties remain for the general implementation and long-standing aspects. Drug 
intervention can delay the incidence of hypertension. The TROPHY trial in the United States 
showed that angiotensin receptor blocker therapy could reduce the incidence of hypertension 
in the PH population (Julius et al., 2006). It was postulated that due to the increased cardiovas-
cular risk in the PH population, antihypertensive therapy and early intervention can effectively 
control these risk factors and prevent the development of hypertension, which was also impor-
tant for the primary prevention of strokes and coronary heart diseases (Wang and Wang, 2004; 
Chockalingam et al., 2005; Tsai et al., 2005; Choi et al., 2006; Grotto et al., 2006).

Inner Mongolia Autonomous Region is a hypertension-prone area, and the incidence 
of PH is high. The expected effect of early intervention of PH patients will be far greater than 
for those who have already developed hypertension with multiple risk factors. This study was 
designed to conduct 12-month follow-up observations in residents of more than 3 years, aged 
20-59, without cardiovascular diseases, but with PH. Residents were recruited from urban, 
suburban, rural, semi-agricultural, and pastoral areas of five randomly chosen cities in the 
Inner Mongolia Autonomous Region. The PH population was divided into the control group 
and three intervention groups: lifestyle, drugs, and lifestyle + drugs. BP levels and biochemi-
cal changes were compared under different modes of intervention, and data were analyzed 
with statistical methods (Liu et al., 2010; Fang et al., 2010; Sun et al., 2007, 2010; Wang et 
al., 2011).
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MATERIAL AND METHODS

Patients

Inclusion criteria of patients were based on epidemiological investigations conducted 
from 2009 to 2010 at the Inner Mongolia Autonomous Region Hospital, Baotou Central Hos-
pital, Ordos Central Hospital, Chifeng City Center hospital, and the Zhengxiang Baiqi Hospi-
tal, in line with diagnostic criteria of PH associated with cardiovascular risk factors. Written 
informed consent was obtained from all participants.

The exclusion criteria included the following: previous diagnosis of hypertension or 
taking antihypertensive drugs; previous infarction, cerebral hemorrhage, subarachnoid hemor-
rhage; previous myocardial infarction; obvious liver and kidney dysfunction, acute inflamma-
tory diseases, cancer, or acute vascular events within the past 3 months; PH was not associated 
with cardiovascular risk factors. The following conditions were observed during follow-up: 
cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage; myocardial infarction; 
death from any cause; transferred out, retired, or moved to the field; refused to participate in 
the experiment.

Patients that did not record BP readings after taking medication or who did not take 
the drugs prescribed were also excluded.

Experimental design

This study was designed based on selected survey questionnaires and physical ex-
aminations. Information was collected by trained medical personnel at the same place for the 
same population, according to the order of the first inspection for the second follow-up exami-
nation, survey content, and anthropometric biochemical parameters. Subjects who received 
lifestyle intervention were asked to carefully fill in their specific implementation measures, 
and those who received drug intervention were required to fill out detailed medication reports. 
The period of follow-up was 12 months, at which point the data were assessed for quality, and 
statistical analysis was performed. During the experimental design phase, the survey follow-
up stage, the stage of data entry and analysis, instrument calibration and ethical issues were 
under strict quality control.

The survey mainly included information related to the general living condition of 
the family, basic individual condition, basic state of health, behavior, health awareness, and 
family history. Physical examinations included waist and height measurements in order to de-
termine body mass and body mass index (BMI). Blood tests were conducted to determine fast-
ing plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C), which were measured 
using an automatic biochemical analyzer (Abbott Laboratories). The C-reactive protein (CRP) 
content was detected by enzyme-linked immunosorbent assay (ELISA). Specific experimental 
procedures were performed in accordance with manufacturer instructions.

Diagnostic criteria

The PH value was based on diagnostic criteria established   in 2003 (Prevention, De-
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tection, Evaluation and Treatment of Hypertension, the National Committee Seventh Report 
(JNC-7): systolic blood pressure (SBP) between 120 and 139 mmHg (1 mmHg = 0.133 kPa) 
and/or diastolic blood pressure (DBP) between 80 and 89 mmHg. Hypertension was based on 
diagnostic criteria of the 2005 hypertension guidelines: SBP ≥ 140 mmHg and/or DBP ≥ 90 
mmHg, or if a subject was taking antihypertensive drugs.

Grouping and intervention

A total of 1112 individuals with PH were randomly divided into four groups: the 
lifestyle group, drug group, lifestyle + drug group, and control group, with 278 cases in 
each group. The drug intervention involved Compound Hypotensive Tablets (Beijing Dou-
ble-Crane Pharmaceutical Co., Ltd.) under a usual dose of one tablet per day at 8:00 am by 
oral administration and a maintenance dose of one tablet per day for 2 to 3 days. During the 
study period, researchers gradually adjusted the dosage according to the subjects’ tolerance. 
Every patient filled out a questionnaire related to adverse effects. Patients who could not 
tolerate the medication withdrew from the study. The Compound Hypotensive Tablets are the 
specified medication of the National Eleventh Five-Year Technology Support Program of the 
“China Prehypertension with Cardiovascular Risk Factors Intervention” in “Hypertension 
Prevention”. The lifestyle intervention included smoking cessation, abstinence, salt restric-
tion, proper diet, and sports perseverance to control obesity. Moreover, lectures, leaflet dis-
tribution, and lifestyle guidance were provided to inform patients on the potential outcomes 
and hazards of PH.

Observation indices

Demographic information included age, gender, race, BP, heart rate, height, weight, 
BMI, smoking, alcohol consumption, diet, and exercise. The following biochemical indices 
were calculated: FPG, TC, HDL-C, LDL-C, TG, and high-sensitivity (hs)-CRP. The primary 
endpoint was a BP ≥ 140/90 mmHg, and the secondary endpoint was stroke. Total cardiovas-
cular events were also recorded, which included cerebral infarction, cerebral hemorrhage, 
angina pectoris, acute myocardial infarction, and sudden cardiac death. The third-level end-
points included all causes of mortality, diabetes, and new onset of cancer. Diet compliance 
and exercise compliance adopted the four-level evaluation method. Compliance in the drug 
group was determined using the Morisky questionnaire. The safety of the medication was de-
termined according to the provisions of Article 29 in the “Adverse Drug Reaction Reporting” 
and “Monitoring of the Management Approach”.

Statistical methods

The SPSS 13.0 analysis software was used for statistical analyses. Data are reported 
as means ± standard deviation. The data between two groups were compared with analysis of 
variance (ANOVA). Partial correlation analysis was adopted to determine the relationships 
between two variables. The effects of potentially influencing factors were controlled through 
multiple linear regressions. Logistic stepwise regression analysis was used for multivariate 
analyses. P < 0.05 was considered to be statistically significant.
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RESULTS

Baseline information of subjects and indicator data

The baseline time point was from 2009 to 2010. A total of 1112 cases aged 20-59 years 
(mean 43 ± 9 years) with PH were screened. Five hundred and forty-three patients were males 
(48.8%) and 569 patients were females (51.2%). A total of 358 patients were between 30 and 
39 years old, and 349 patients ranged from 0 to 49 years old. The remaining 62 patients were 
between 20 and 29 years old.

General data analysis of subjects before intervention

Prior to intervention, there were no significant differences between groups (P > 0.05) in 
gender, age, SBP, DBP, heart rate, height, weight, BMI, waist circumference (WC), TG, TC, LDL-
C, FPG, hs-CRP, smoking, alcohol consumption, history of diabetes, or family history, based on 
both the F-test of ANOVA and paired comparisons with Bonferroni’s correction (Table 1).

General data analysis of subjects after intervention

The general data and statistical comparisons among groups following intervention are 
shown in Table 2. 

After intervention, heart rate, body weight, BMI, TC, and LDL-C were not significantly 
changed based on the F-test (P > 0.05). However, SBP, DBP, WC, TG, FPG, hs-CRP, smoking, 
alcohol consumption, and history of diabetes were all significantly different following intervention 
(P < 0.05). Paired comparisons with Bonferroni’s correction revealed that SBP changed significantly 
following intervention, and DBP differed significantly between the control group and the three inter-
vention groups, whereas there was no significant difference between the drug group and the lifestyle 
+ drug group. WC did not change significantly after intervention in any group. TG and FPG showed 
significant differences between the control group and the lifestyle and lifestyle + drug groups, and 

Stems Control Lifestyle Drug Lifestyle + drug F P

Gender   1.45 ± 0.50   1.54 ± 0.50   1.55 ± 0.50   1.51 ± 0.50 2.18 0.89
Age (years) 43.94 ± 9.52 43.49 ± 9.35 43.82 ± 9.03 43.53 ± 9.81 0.15 0.93
Heart rate (bpm) 74.74 ± 9.26 74.85 ± 8.62 74.60 ± 8.02 74.31 ± 8.53 0.21 0.89
Height (m)   1.67 ± 0.08   1.66 ± 0.08   1.66 ± 0.07   1.66 ± 0.08 1.97 0.12
Weight (kg)     68.9 ± 10.83     68.4 ± 10.88     68.1 ± 10.21     68.4 ± 11.21 0.26 0.85
BMI (kg/m2) 24.69 ± 3.07 24.67 ± 3.07 24.79 ± 2.70 24.72 ± 3.29 0.08 0.97
WC (cm) 83.83 ± 7.95 84.11 ± 7.55 83.94 ± 7.80 84.08 ± 8.13 0.08 0.97
TG (mg/dL)   1.70 ± 1.02   1.65 ± 1.05   1.66 ± 1.04   1.68 ± 1.12 0.15 0.93
TC (mg/dL)   4.87 ± 0.95   4.82 ± 0.97   4.90 ± 0.92   4.89 ± 0.99 0.46 0.71
LDL-C (mg/dL)   2.46 ± 0.85   2.48 ± 0.86   2.55 ± 0.93   2.51 ± 0.90 0.56 0.65
FPG (mg/dL)   5.38 ± 1.52   5.26 ± 1.40   5.35 ± 1.39   5.35 ± 1.55 0.36 0.78
hs-CRP (mg/dL)   0.15 ± 0.14   0.14 ± 0.06   0.14 ± 0.07   0.14 ± 0.05 0.43 0.73
Smoking   1.19 ± 0.39   1.21 ± 0.41   1.17 ± 0.38   1.17 ± 0.36 0.61 0.61
Drinking   1.16 ± 0.37   1.16 ± 0.37   1.16 ± 0.36   1.16 ± 0.37 0.03 1.00
Diabete   1.01 ± 0.12   1.01 ± 0.12   1.01 ± 0.12   1.01 ± 0.12 0.00 1.00
Family history   1.03 ± 0.16   1.04 ± 0.20   1.04 ± 0.20   1.06 ± 0.23 1.26 0.29

Table 1. General data analysis before intervention.

Data are reported as means ± SD for 278 individuals in each group. BMI = body mass index; WC = waist 
circumference; TG = triglycerides; TC = total cholesterol; LDL-C = low-density lipoprotein cholesterol; FPG = 
fasting plasma glucose; hs-CRP = high-sensitivity C-reactive protein.
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pairwise differences between the control and drug groups, lifestyle and drug groups, or lifestyle + 
drug and drug groups were not significant. Similarly, hs-CRP differed significantly between the 
control group and the lifestyle and lifestyle + drug groups, and also showed significant pairwise 
differences between the lifestyle and drug groups and the lifestyle + drug and drug groups. Smok-
ing and alcohol consumption differed significantly between the control group and the lifestyle and 
lifestyle + drug groups. Among the intervention groups, smoking and alcohol consumption dif-
fered significantly between the lifestyle and drug groups and between the lifestyle + drug and drug 
groups, whereas there were no pairwise differences between the control and drug groups or the 
lifestyle and lifestyle + drug groups (P > 0.05). The proportion of subjects with a history of diabetes 
differed significantly between the control group and the lifestyle and lifestyle + drug groups, but 
no pairwise differences were observed between the control and drug groups, the lifestyle and drug 
groups, the lifestyle and lifestyle + drug groups, or the drug and lifestyle + drug groups.

Comparison before and after intervention

SBP and DBP before and after intervention

The mean SBP and DBP decreased significantly in the lifestyle, drug, and lifestyle + 
drug groups after intervention (lifestyle + drug > drug > lifestyle). In the control group, the 
mean SBP and DBP were higher after intervention. Before intervention, SBP and DBP did not 
differ significantly among groups based on the F-test and the paired comparisons. After inter-
vention, however, both SBP and DBP differed significantly between the control group and the 
intervention groups (P < 0.05 in all pairwise comparisons). There was no significant difference 
in DBP between the lifestyle and drug intervention groups (Table 3 and Figure 1A).

Weight, BMI, and WC before and after intervention 

Before the intervention, WC did not show significant differences among groups. After 
intervention, WC changed significantly (P < 0.05) in the intervention groups, with no significant 
differences among the three groups (Table 4). The mean values of weight, BMI, and WC were 
all lower in the intervention groups following intervention, whereas these values all increased in 
the control group after intervention. The lifestyle and lifestyle + drug interventions had obvious 
impacts on weight, BMI, and WC, suggesting that these are effective intervention strategies.

Variance Control Lifestyle Drug Lifestyle + drug F P

HR 74.8 ± 8.63 74.6 ± 9.26 74.31 ± 8.53 74.5 ± 7.87 0.20 0.90
Weight 69.03 ± 10.75 67.58 ± 10.34 68.1 ± 10.15 67.58 ± 10.69 1.18 0.32
BMI 24.71 ± 3.04 24.37 ± 2.92 24.78 ± 2.67 24.40 ± 3.15 1.40 0.24
WC 83.89 ± 7.87 82.48 ± 7.28 83.9 ± 7.733 82.29 ± 7.86 3.76 0.01
TG 1.75 ± 1.00 1.52 ± 0.8a5 1.68 ± 1.03 1.53 ± 0.93 3.98 0.00
TC 4.81 ± 0.96 4.87 ± 0.96 4.90 ± 0.99 4.90 ± 0.92 0.50 0.68
LDL-C 2.46 ± 0.85 2.48 ± 0.86 2.55 ± 0.93 2.52 ± 0.90 0.67 0.57
FPG 5.56 ± 1.87 5.11 ± 1.22 5.40 ± 1.46 5.11 ± 1.09 6.72 0.00
hs-CRP 0.15 ± 0.13 0.10 ± 0.08 0.13 ± 0.11 0.10 ± 0.05 14.7 0.00
Smoking 1.19 ± 0.39 1.01 ± 0.09 1.17 ± 0.38 1.01 ± 0.09 35.9 0.00
Drinking 1.16 ± 0.37 1.01 ± 0.09 1.15 ± 0.36 1.00 ± 0.00 32.4 0.00
Diabete 1.03 ± 0.17 1.00 ± 0.08 1.02 ± 0.15 1.00 ± 0.05 4.97 0.00 

Table 2. General data analyses of subjects after intervention.

Data are reported as means ± SD for 278 individuals in each group. For units and abbreviations, see Table 1.
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Variance Control Lifestyle Medicine Lifestyle + medicine F P

SBP
   0 Week  124.31 ± 8.24 124.78 ± 8.22 124.47 ± 8.52 124.07 ± 8.28   0.36 0.79
   12 Months     125.65 ± 9.33*♦        122.3 ± 8.65*Δ♦      120.32 ± 8.28*Δ♦    116.93 ± 8.10*♦ 50.11 0.00
DBP 
   0 Week    81.81 ± 4.99   81.77 ± 5.05   81.55 ± 4.87   80.80 ± 5.08   2.45 0.06
   12 Months       82.63 ± 4.80*♦        78.49 ± 5.05*Δ♦        77.99 ± 4.39*Δ♦      74.49 ± 4.22*♦ 14.61 0.00

Table 3. Blood pressure comparison of subjects before and after intervention.

Data are reported as means ± SD for 278 individuals in each group. *P < 0.05 compared with the control group; ΔP 
< 0.05 compared with the lifestyle + drug group; ♦P < 0.05 comparison before and after treatment.

Biochemical indicators before and after intervention

Before intervention, TG, TC,   LDL-C, FPG, and hs-CRP did not differ significantly 

Variance Control Lifestyle Drug Lifestyle + drug F P

Weight 
   0 Week     68.9 ± 10.83   68.45 ± 10.88   68.17 ± 10.21   68.49 ± 11.21   0.26 0.65
   12 Months     69.0 ± 10.75   67.58 ± 10.34   68.13 ± 10.15   67.58 ± 10.69   1.18 0.32
BMI 
   0 Week 24.69 ± 3.07 24.67 ± 3.07 24.79 ± 2.70 24.72 ± 3.29   0.08 0.97
   12 Months 24.71 ± 3.04 24.37 ± 2.92 24.78 ± 2.67 24.40 ± 3.15   1.40 0.24
WC 
   0 Week 83.83 ± 7.95 84.11 ± 7.55 83.94 ± 7.80 84.08 ± 8.13   0.08 0.97
   12 Months 83.89 ± 7.87 82.48 ± 7.28 83.96 ± 7.73 82.29 ± 7.86   3.76 0.11
TG 
   0 Week   1.70 ± 0.06   1.65 ± 0.07   1.66 ± 0.08   1.68 ± 0.06   0.15 0.93
   12 Months   1.75 ± 0.08   1.52 ± 0.06   1.68 ± 0.05   1.53 ± 0.04   3.98 0.08
TC 
   0 Week   4.87 ± 0.95   4.82 ± 0.97   4.90 ± 0.92   4.90 ± 0.99   0.46 0.71
   12 Months   4.81 ± 0.96   4.82 ± 0.96   4.90 ± 0.99   4.90 ± 0.92   0.50 0.68
LDL-C 
   0 Week   2.46 ± 0.85   2.48 ± 0.87   2.55 ± 0.93   2.51 ± 0.90   0.56 0.65
   12 Months   2.46 ± 0.86   2.48 ± 0.86   2.55 ± 0.93   2.52 ± 0.89   0.67 0.57
FPG 
   0 Week   5.38 ± 1.52   5.26 ± 1.40   5.35 ± 1.39   5.35 ± 1.55   0.36 0.78
   12 Months   5.56 ± 1.87   5.11 ± 1.22   5.40 ± 1.46   5.11 ± 1.09   6.72 0.00
hs-CRP 
   0 Week   0.15 ± 0.04   0.14 ± 0.02   0.14 ± 0.05   0.14 ± 0.01   0.43 0.73
   12 Months   0.15 ± 0.03   0.10 ± 0.01   0.13 ± 0.04   0.10 ± 0.04 14.77 0.00

Table 4. Comparison of weight, BMI, WC, and blood lipids in subjects before and after intervention.

Data are reported as means ± SD for 278 individuals in each group. For units and abbreviations, see Table 1.

Figure 1. Mean values of SBP (A) and DBP (B) of the patients in each groups before and after intervention. One = 
non-intervention group; two = lifestyle group; three = drug group; four = lifestyle and drug group.
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among groups (P > 0.05). After intervention, there were no significant differences in TC or 
LDL-C. However, TG, FPG, and hs-CRP differed significantly between the control group and 
the lifestyle and lifestyle + drug groups, but there was no difference between the control and 
drug intervention groups (P > 0.05). Levels of hs-CRP differed significantly among all three 
intervention groups (P < 0.05) (Table 4 and Figure 1B).

Relationship between SBP and DBP in patients with PH and cardiovascular risk factors

Partial correlation analysis was used to evaluate the effect of various indicators on 
SBP and DBP. SBP was significantly positively correlated with age, heart rate, TG, FPG, and 
family history (r = 0.067, 0.168, 0.128, 0.061, and 0.104, respectively, P < 0.05). There was no 
association between SBP and gender, weight, height, WC, BMI, TC, HDL-C, LDL-C, FPG, 
hs-CRP, smoking, alcohol consumption, or history of diabetes (P > 0.05) (Table 5).

DBP was significantly positively correlated with gender, age, heart rate, alcohol con-
sumption, and family history (r = 0.069, 0.103, 0.128, 0.062, and 0.120, respectively, P < 
0.01). No correlations between DBP and weight, height, WC, BMI, TG, TC, HDL-C, LDL-C, 
FPG, hs-CRP, smoking, or history of diabetes were observed (P > 0.05) (Table 6).

Analysis of PH-associated risk factors by multiple stepwise regressions

Multiple regression analysis was also used to evaluate the relationship between SBP 
and DPB with indicators. The regression equation for SBP was SBP (mmHg) = 96.935 + 
(0.554 x gender) + 0.058 x age (years).... + 4.348 x family history. The results showed that age, 
heart rate, TG, and family history all contributed significantly to SBP (Table 7 and Figure 2A).

The regression equation for DBP was DBP (mmHg) = 69.197 + (-1.025 x gender) + 0.055 
x age (years)... + 3.102 x family history. The results showed that age, gender, heart rate, BMI, 
alcohol consumption, and family history all significantly affected DBP (Table 8 and Figure 2B).

  Age Weight Height WC HR BMI TG TC

 r 0.067 0.015 0.028 0.016 0.168 0.042 0.128 0.049
 Sig. (2-tailed) 0.027 0.621 0.361 0.607 0.000 0.166 0.000 0.104

  HDL-C LDL-C FPG hs-CRP Smoking Drinking

 r 0.004 0.051 0.061 0.050 0.040 0.003
 Sig. (2-tailed) 0.882 0.094 0.044 0.100 0.186 0.919

Table 5. Relationship of SBP and cardiovascular risk factors of the patients with PH.

For abbreviations, see Table 1.

  Age Weight Height WC HR BMI TG TC

 r 0.103 0.028 0.025 0.036 0.128 0.058 0.007 0.037
 Sig. (2-tailed) 0.001 0.357 0.418 0.236 0.000 0.057 0.816 0.218

  HDL-C LDL-C FPG hs-CRP Smoking Drinking

 r 0.016 0.031 0.010 0.014 0.027 0.062
 Sig. (2-tailed) 0.597 0.304 0.753 0.647 0.365 0.041

Table 6. Relationship of DBP and cardiovascular risk factors of the patients with PH.

For abbreviations, see Table 1.
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Figure 2. Factors affecting SBP (A) and DBP (B) from multielement gradual regressive analysis.

Dependent variable  Independent variable Regression coefficient β Standard error Beta t P

SBP Constant 96.935 4.113 - 23.569 0.000
 Age   0.058 0.026 0.066   2.234 0.026
 Heart rate   0.162 0.028 0.168   5.747 0.000
 Triglycerides   1.163 0.271 0.147   4.287 0.000
 Family history   4.348 1.267 0.100   3.432 0.001

Table 7. Factors affecting SBP from multielement gradual regressive analysis.

Dependent variable  Independent variable Regression coefficient β Standard error Beta t P

DBP Constant  69.197 2.526 - 27.391 0.000
 Gender   -1.025 0.414 -0.103   2.478 0.013
 Constant    0.055 0.016  0.104   3.437 0.001
 Age    0.075 0.017  0.129   4.341 0.000
 Heart rate    0.263 0.097  0.160   2.702 0.007
 Triglycerides   -0.951 0.443 -0.070   2.148 0.032
 Family history    3.102 0.778  0.119   3.986 0.000

Table 8. Factors affecting DBP from multielement gradual regressive analysis.

Risk factor analysis of PH population prone to hypertension

Logistic regression analysis was adopted to determine whether the PH population 
might develop hypertension. SBP or DBP after intervention was used as the dependent vari-
able, and SBP, DBP, gender, age, weight, BMI, WC, TG, TC, HDL-C, LDL-C, FPG, hs-CRP, 
smoking, alcohol consumption, and family history before intervention were independent vari-
ables for logistic regression analysis. The results of the model test at each step were statisti-
cally significant, showing that TG, hs-CRP, alcohol consumption, and increased SBP were 
major risk factors for hypertension progression, with values of 1.967, 1.377, 2.197, and 1.995, 
respectively (Tables 9 and 10).

Logistic regression of DBP indicated that BMI, hs-CRP, alcohol, family history, and 
increased SBP and DBP were all major risk factors for hypertension, with values of 1.516, 
1.847, 0.234, 2.908, 1.749, and 1.600, respectively (Tables 9 and 11).
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Independent variables                                                      Assignments

Gender Male = 1 Female = 2
Age arrange 20~ = 1 30~ = 2 40~ = 3   50~ = 4
Body weight 50~ = 1 70~ = 2 90~ = 3 110~ = 4
BMI <24 = 1
 24~28 = 2 >28 = 3
WC <80 = 1
 80~90 = 2 >90 = 3
TG <0.4 = 1
 0.4~1.8 = 2 >1.8 = 3
TC <3.0 = 1
 3.0~5.7 = 2 >5.7 = 3
HDL-C <0.9 = 1 0.9~2.19 = 2 >2.19 = 3
LDL-C <2.0 = 1
 2.0~3.5 = 2 >3.5 = 3
FPG <3.9 = 1 3.9~6.19 = 2 >6.19 = 3
hs-CRP <0.00 = 1 0.00~0.3 = 2 >0.3 = 3
SBP 120~129 = 1 130~139 = 2
DBP 80~84 = 1
 85~89 = 2
Smoking No = 1 Yes = 2
Drinking No = 1 Yes = 2
Family history No = 1 Yes = 2

Table 9. Assignments of risk factors of the patient from PH to hypertension.

For abbreviations, see Table 1.

Risk factors β SE Wald Sig. OR                      95%CI for Exp (β)

      Lower Upper

SBP 0.691 0.219 9.910 0.002 1.995 1.298 3.067
TG 0.676 0.337 4.031 0.045 1.967 1.016 3.807
hs-CRP 0.320 0.411 0.607 0.436 1.377 0.616 3.081
Drinking 0.787 0.373 4.452 0.035 2.197 1.058 4.565

Table 10. Logistic stepwise regression analysis of risk factors from SBP to hypertension.

For abbreviations, see Table 1.

Compliance results

The overall compliance was defined as the ratio of total study exposure time to total 
follow-up time. The compliance of the lifestyle intervention group was 54.5% (Table 12), and 
was 52.7% in the drug group (P < 0.05) (Table 13).

Risk factors β SE Wald Sig. OR                           95%CIfor Exp (β)

      Lower Upper

DBP  0.470 0.234 4.037 0.045 1.600 1.012 2.532
SBP  0.559 0.246 5.179 0.023 1.749 1.081 2.832
BMI  0.416 0.243 2.927 0.087 1.516 0.941 2.440
hs-CRP  0.614 0.390 2.473 0.116 1.847 0.860 3.969
Drinking -1.453 0.741 3.845 0.050 0.234 0.055 0.999
Family history  1.067 0.567 3.542 0.060 2.908 0.957 8.837

Table 11. Logistic stepwise regression analysis of risk factors from DBP to hypertension.

For abbreviations, see Table 1.
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Compliance with respect to exercise intervention was better than that of dietary in-
tervention, most likely because exercise intervention was easier to adhere to. Nevertheless, 
self-monitoring and step-by-step goals were still required throughout the follow-up period.

As 1112 individuals were followed-up, we used the Morisky questionnaire to evaluate 
the compliance of patients with respect to drug intervention. All patients were divided into 
two groups according to the Morisky score (Table 14). In the drug group, 55.4% of subjects 
showed good compliance, whereas the remaining subjects showed poor compliance. There-
fore, compliance of lifestyle intervention treatments was better than that of drug intervention.

Scores Cases Percentage (%)

0~1 248 55.4
2~4 308 44.6

Table 14. Dependence condition of administration.

New hypertension, diabetes, and clinical endpoint events

At the end of the follow-up period, there were 67 new cases of hypertension, 32 new 
cases of diabetes, and 12 new cases of endpoint events. Compared with the control group, 
the number of new hypertensive and diabetes cases were substantially decreased in the three 
intervention groups (P < 0.05). New diabetes cases were lower in the lifestyle + drug group 
compared with the lifestyle and drug intervention groups (P < 0.05). Overall, the number of 
cardiovascular endpoint events did not differ significantly among the three groups (P > 0.05) 
(Table 15).

Items Control Lifestyle Drug Lifestyle + drug

New onset hypertension 34 10* 14*   9*
New onset diabetes cardiovascular 10 7 9     6*Δ
Termination events   4 3 3 2

Table 15. Termination events (cases).

Common side effects Drug treatment group (N = 278) Lifestyle + drug treatment (N = 278)

Sicchasia 2 3
Distention of head 6 4
Debilitation 5 2
Stuffiness 3 1
Somnolence 0 1
Hypotension 0 0

Table 13. Incidence of adverse effect.

 Values Cases Percentage (%)

Dependence on dietary treatment l~2 147 26.44
 3~4 409 73.56
Dependence on movement treatment l~2 142 25.54
 3~4 414 74.46

Table 12. Dependence condition of lifestyle treatment.
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In the final stage of observations, 34 cases had advanced to hypertension, 10 cases pro-
gressed to diabetes, and four cardiovascular events were reported in the control group. Compared 
with the three intervention groups, the incidence of hypertension, diabetes, and cardiovascular 
events were all significantly higher in the control group, suggesting that these three types of in-
tervention were effective, feasible, and worthy of promotion to the general population.

DISCUSSION

The incidence of PH is high in both developed and developing countries. Hypertension 
risk reaches 90% in the 55-year-old or older normal blood pressure population. The average level 
of cardiovascular risk factors is significantly higher in the PH population compared to the normal 
blood pressure population (Dong et al., 2006). In addition, the PH population has been associated 
with an increased tendency for target organ damage, such as heart and kidney damage (Kim et 
al., 2007; Mineeva et al., 2008). Based on the high incidence, risk factors of hypertension, and 
early heart and kidney damage of the PH population, we applied different intervention methods 
to PH patients with cardiovascular disease risk in this study. We observed a significant reduction 
in new cases of hypertension, diabetes, and cardiovascular endpoint events in the intervention 
groups compared to the control group, which provides a basis for the primary and early preven-
tion of hypertension (Sun et al., 2005, 2007; Lee et al., 2009).

As PH is itself a cardiovascular disease risk factor, its risk factors are similar to those 
of cardiovascular disease, including age, gender, family history of hypertension, smoking, 
alcohol consumption, increased weight and obesity, high blood lipid levels, FPG, insulin re-
sistance, hs-CRP, high uric acid, micro-albuminuria, arterial compliance, carotid intima-media 
thickness, early plaque formation, and organ damage. In our study, we determined the effect 
of several indicators on SBP and DBP. Results of partial correlation analyses showed that 
SBP was positively correlated with age, heart rate, TG, FPG, and family history. DBP was 
positively correlated with gender, age, heart rate, alcohol consumption, and family history. 
No correlations were found between other indicators and SBP or DBP. We also performed 
stepwise multiple regression analysis using SBP and DBP as the dependent variables and other 
indicators as the independent variables. Results showed that age, heart rate, TG, and family 
history were the main influencing factors of SBP. Similarly, age, gender, heart rate, BMI, alco-
hol consumption, and family history were the main influential factors of DBP. Intervention for 
major risk factors affecting the population, active prevention, control of blood pressure, and 
prevention of PH and its associated risk factors have been shown to be beneficial in preventing 
cardiovascular disease (Lee et al., 2006; Erdogan et al., 2007; Mineeva et al., 2008).

On a global scale, individuals with PH are more likely to develop hypertension and 
have a higher risk of cardiovascular and cerebrovascular diseases compared to individuals with 
normal blood pressure. The incidence of hypertension is approximately 19.3% if PH is present 
as of childhood (Liang, 2011). Within the PH population that developed hypertension, 20.77, 
37.03, and 42.20% showed isolated systolic hypertension, isolated diastolic hypertension, and 
both systolic and diastolic hypertension, respectively. Factors such as age, gender, WC, and TC 
show different contributions on the progression of PH into various types of hypertension, and 
cardiovascular risk factors show different effects in different age groups (Franklin et al., 2001; 
McEniery et al., 2010; Huang et al., 2011). Elderly patients mainly manifest arterial elasticity de-
cline, whereas young patients mainly manifest increases in small arterial resistance. These obser-
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vations suggest that different preventive measures should be adopted in PH patients of different 
age groups. In the present study, we found that TG, hs-CRP, alcohol consumption, and increase 
in SBP were all major risk factors in the progression of PH to systolic hypertension, whereas 
BMI, hs-CRP, alcohol consumption, family history, and increased SBP and DBP were the main 
risk factors for the progression of PH to hypertension. These results suggested that reducing TG, 
drinking, and the SBP level could prevent SBP progression to hypertension. Controlling the diet 
to avoid obesity, and controlling temperament to reduce SBP and DBP can prevent DBP from 
progressing to hypertension. Additionally, people with a family history of hypertension should 
monitor their blood pressure on a regular basis, and adopt early intervention to prevent the pro-
gression of DBP to hypertension. The above-mentioned risk factors have all contributed to the 
continuous increase in cases of adulthood hypertension, which results in serious complications 
caused by unstable blood pressure. Therefore, it is necessary to take serious steps toward control-
ling hypertension at an early stage, even before its onset.

hs-CRP is a non-specific, but sensitive, biological indicator of inflammation. As an alterna-
tive indicator of the cytokine activation degree, hs-CRP is a partial predictor of the development 
and prognosis of cardiovascular disease. Serum hs-CRP levels are significantly increased in patients 
with PH (Wu et al., 2008), which is a risk factor of high blood pressure and cardiovascular and 
cerebrovascular disease. Bautista et al. (2001) demonstrated that serum hs-CRP concentration was 
an independent risk factor for primary hypertension. The results of the present study also showed 
that hs-CRP was a major risk factor in the progression of PH to hypertension. There have been no 
similar studies. hs-CRP can therefore be used as a marker for the early detection of PH indicators, 
and provides a theoretical basis for very early diagnoses of PH. Levels of hs-CRP were not signifi-
cantly different between the control group and other groups before intervention (P > 0.05). After 
intervention, hs-CRP was significantly different between the control group and both the lifestyle 
intervention group and the lifestyle + drug intervention group (P < 0.05), but did not differ with 
respect to the drug group (P > 0.05). These observations suggested that lifestyle interventions were 
effective in controlling blood pressure and reduced hs-CRP. High-sensitivity CRP could serve as 
an indicator for the turnover of blood pressure, which has little significance for drug monitoring in 
blood pressure control. It is necessary to expand the scale of clinical trials in order to adopt appro-
priate interventions in the treatment of inflammatory mechanisms, to understand the development 
and outcome of intervention after PH, and to better monitor the occurrence and development of 
hypertension. Therefore, for effective control of hypertension and other cardiovascular and cere-
brovascular diseases, more attention should be paid to the basis and clinical intervention of hs-CRP 
during the PH stage (Timmermans et al., 1993; Julius et al., 2006; Márquez-Celedonio et al., 2009).

The JNC7 recommended improving lifestyle as the main prevention of cardiovascular 
disease in PH patients. However, for patients with renal disease and diabetes, lifestyle im-
provements might not effectively decrease blood pressure to 130/80 mmHg, and drug therapy 
should be considered (Kim et al., 2007). The European hypertension guidelines of 2007 (Man-
cia et al., 2007) strongly recommended that people with PH who suffer from cardiovascular 
complications should adopt drug therapy in order to reduce their risk of cardiovascular events. 

In the present study, besides lifestyle intervention, we also treated PH patients with 
risk factors with antihypertension drugs and basic drugs. The results showed that the combina-
tion of lifestyle intervention and drugs showed better effects on blood pressure control com-
pared to either lifestyle intervention or basic drug treatment independently (P < 0.05). There 
were obvious differences in blood pressure control with respect to SBP and DBP among the 
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four groups after intervention. Bonferroni’s pairwise comparison analysis showed that SBP 
and DBP were significantly different between the control group and the three intervention 
groups (P < 0.05), and that DBP was significantly different between the lifestyle + drug inter-
vention group and the other groups (P < 0.05). However, DBP was not significantly different 
between the lifestyle and drug treatment groups (P > 0.05), suggesting that simple lifestyle or 
drug intervention on their own have no obvious effects on DBP control.

There is also a possibility that due to the small sample size, the simple drug treatment 
might not have reached its maximum effect during the study. Therefore, this area should be 
investigated further in larger samples. The decline of SBP and DBP was significantly differ-
ent between the control group and the three intervention groups. Furthermore, the reduction 
in SBP and DBP was greater in the lifestyle + drug intervention group compared to the other 
three groups (P < 0.05), which suggested that the combination of lifestyle and medication 
intervention has a better effect in controlling SBP and DBP. Compound Hypertension Tablets 
is a complex reagent, and its mechanisms of action are rather complicated. The drug has 
diuretic effects through the inhibition of renal cortical dilution segments, from re-absorbing 
sodium, and increasing the discharge of urinary sodium and urinary chlorine. In the early 
stage of the treatment, extracellular fluid volume is reduced, and blood volume and cardiac 
output are decreased, thus lowering the blood pressure. In the later stage of treatment, total 
peripheral resistance is reduced, which plays a major role in reducing the blood pressure. 
The selection criteria of antihypertensive drugs include good antihypertensive effect, ob-
vious control of symptoms, reduced side effects, and good dependence for long-term use. 
Compound Hypotensive Tablets essentially meet the above-mentioned criteria, and it is safe, 
effective, and suitable for clinical applications. At the end of the follow-up period of the 
present study, the average weight, BMI, and WC were all lower in the intervention groups 
after intervention. In the control group, average weight, BMI, and WC all increased and were 
drastically different from those of the intervention groups. In the lifestyle intervention group 
and the lifestyle + drug intervention group, weight, BMI, and WC were all reduced after 
intervention, suggesting that lifestyle intervention could effectively control obesity. After 
intervention, the TG and FPG levels differed significantly between the control group and both 
the lifestyle and the lifestyle + drug intervention groups (P < 0.05), whereas the difference 
was not significant between the control and the drug groups (P > 0.05), suggesting that life-
style intervention could decrease TG and FPG and that medication intervention had a minor 
effect in controlling these factors. At the end of the follow-up period, there were 67 new cases 
of hypertension, 32 new cases of diabetes, and 12 cases of endpoint events. Compared with 
the control group, the number of new hypertension and diabetes cases were reduced in the 
lifestyle, drug, and lifestyle + drug intervention groups. Compared with the lifestyle and drug 
intervention groups, the number of new diabetes cases was reduced in the lifestyle + drug 
intervention group. The number of cardiovascular endpoint events did not differ significantly 
among the three groups. In conclusion, results of our study suggest that the progression of PH 
to hypertension is inevitable, and measures can only be taken to slow down its development, 
but cannot prevent it.
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