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Abstract. Hypertension (or high blood pressure) affects many adults (mostly people over 65) in 14 

Vietnam. Quantifying risk factors associated with hypertension may help to inform prevention 15 

efforts, such as hypertension awareness, treatment, and control in low- income countries. A cross-16 

sectional study was conducted in a study area Vietnam. The study was conducted at Military 17 

Hospital 121 consisting of 166 patients, who were randomly selected.Engaging in less than 150 18 

minutes per week of moderate-to- vigorous physical activity, eating fruits and vegetables fewer than 19 

five times per day, being overweight or obese, having diabetes, and having chronic kidney disease 20 

were all independently associated with an increased risk of hypertension. When these factors were 21 

combined into a risk score, there was a linear increase in the predicted risk of hypertension with each 22 

additional risk factor. The predicted prevalence of hypertension for those with such risk factors was 23 

75% in women and 25% in men with mean aged 60 years. Being overweight or obese, consuming 24 

fruits and vegetables lessoften,beinginactive,andhavingdiabetescontributedtothelargest attributable 25 

fractions for hypertension in the Vietnam population.Physical activity, diet, body mass index, the 26 

presence of diabetes, and the presence of chronic kidney disease were strong risk factors for 27 

hypertension. Many of these risk factors are modifiable and highlight targets for future prevention 28 

strategies. 29 
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INTRODUCTION 33 

 34 

The global epidemic of hypertension (HPN) is largely uncontrolled and 35 

hypertension remains the leading cause of non-communicable disease deaths 36 

worldwide (Burnier and Egan, 2019; Ramli et al., 2012). High blood pressure (BP) 37 

is estimated to account for 6% of deaths worldwide1 and is the most common 38 

treatable risk factor for cardiovascular disease (Wolf-Maier et al., 2004). High BP, 39 

also known as “silent killer,” is associated with approximately 9.4 million cases of 40 

death a year worldwide (Lim et al., 2012). Traditionally, raised blood pressure has 41 

been estimated based on the definition of systolic blood pressure ≥140 mmHg 42 

and/or diastolic ≥90 mmHg. With this definition, the global prevalence of raised 43 

blood pressure in adults aged 18 years and above was around 22% in 2014(World 44 

Health Organization, 2014). 45 

The increase in prevalence of raised BP is associated with population ageing 46 

and the rise in occurrence of behavioral risk factors, such as tobacco use, unhealthy 47 

diet, harmful use of alcohol, physical inactivity, overweight, and persistent stress 48 

(Margolis et al., 2019; Trudel et al., 2019; Chu et al., 2018, 2019). Also, there are 49 

six psychosocial factors that may induce HNT in a person including occupational 50 

stress, personality, sleep quality, mental health, housing instability, and social 51 

support/ isolation (Lelong et al., 2019; Cuffee et al., 2014). Concurrently, high BP 52 

as a physiological risk factor contributes to a high burden of other non-53 

communicable diseases, for example, strokes and chronic kidney diseases and 54 

ocular illness (Naghavi et al., 2017; Gordon et al., 2002; Johnson et al., 2002). The 55 

majority of deaths related to BP mainly occurs in middle-aged and elderly people. 56 

There is an estimated 80% of the population aged 60 years or over will be affected 57 

by HNT (World Health Organization, 2013). However, the elderly can improve 58 

their quality of life through good blood pressure control. HNT is known as a result 59 

from the aging and atherosclerosis of arterial walls, when the artery wall decreases 60 

elasticity, becomes sclerotic with accumulation of lipids in the blood, 61 

arteriosclerosis and vascular stenosis will be formatted (Rubio-Ruiz et al., 2014; 62 

Sun, 2015). Regarding to the age, the risk of HNT in the lifetime in males is higher 63 

than that in females (Van et al., 2019). 64 

During the last 30 years, hypertension treatment has improved dramatically, 65 

contributing to a decrease in the incidence of mortality due to stroke and coronary 66 

heart disease. However, accumulating evidence suggests that healthy lifestyle 67 

factors (such as a healthy diet and increased physical activity) contribute to 68 

lowering blood pressure and that managing these risks can offset, at least to some 69 

extent, genetic predisposition towards hypertension and the development of 70 

subsequent cardiovascular sequelae (Leung et al., 2019). A crucial step in this 71 

process is therefore the explicit recommendations given to medical professionals 72 

and the practical consequences of these treatment strategies in particular health 73 

systems. 74 

However, control rates of hypertension is currently inappropriate and the 75 

majority of the hypertensive patients will require two or more antihypertensive 76 

agents to reach target BP goals Antihypertensive medicines can effectively reduce 77 

blood pressure and the risk of associated diseases (Ettehad et al., 2016; Olsen et al., 78 

2016). As clinical trials have shown the benefits of pharmacological treatment for 79 

patients with low to moderate blood pressure, clinical guidelines have evolved to 80 



 

recommend lower blood pressure thresholds for initiating treatment (Zhou et al., 81 

2019). Beta-blockers have been used for more than 40 years to treat hypertension. 82 

Data from clinical trials that used theseagents to manage BP have demonstrated 83 

reductions in cardiovascular mortality and this has resulted in recommendations of 84 

β-blockers as first- or second-line antihypertensive agents (Stafylas and Sarafidis, 85 

2008). 86 

Despite these gains, poorly controlled hypertension remains a health 87 

problem of major proportions, particularly among minority populations, the poor, 88 

those with lower levels of education, and those with limited access to medical care. 89 

Many people with high blood pressure in low-and middle-income countries are not 90 

aware of their hypertensive status, and lack access to treatment, and management 91 

services. Vietnam has been undergoing health transition where populations are 92 

suffering from a “double burden” of communicable diseases and non- 93 

communicable ones, including raised blood pressure (Khan and Khoi, 2008). There 94 

were a few surveys aiming to access the level of raised blood pressure in Vietnam 95 

but they were only covering a small number of provinces, with different sampling 96 

methods and using different age ranges (Hoang et al., 2019). Vietnam, a lower 97 

middle-income country, has undergone an epidemiological transition from 98 

communicable diseases to non- communicable diseases. The prevalence of 99 

hypertension in adults aged 25–64 years increased from 15% in 2002 to 18.9% in 100 

2015, and is predicted to rise in the coming decades. A 2008 national survey 101 

conducted in eight Vietnamese provinces and cities reported that only 48% of 102 

hypertensive individuals knew their disease status, 30% were on treatment 103 

programs, and 11% had their hypertension under control (Quoc Cuong et al., 2019; 104 

Nguyen et al., 2020). Vietnam established its national HTN program in 2008. Since 105 

then, studies on the prevalence of HTN, including few national samples, have been 106 

published and varied in their estimates. In 2012, a time trends analysis for blood 107 

pressure was performed using a dataset compiled by multiple cross-sectional 108 

studies; the analysis showed a significant increase of HTN prevalence of 0.9% per 109 

year between 2001 and 2009(Meiqari, 2019). 110 

Unlike most medical conditions, community surveillance has been the most 111 

common approach to evaluating the success of efforts to treat and control high BP. 112 

During the past decade, many countries have conducted large-scale, national health 113 

surveys to determine the prevalence and treatment of hypertension. This 114 

information might provide insights into ways to improve public health strategies to 115 

prevent target organ damage. The aim of this study was to provide up-to-date 116 

assessment of the evidence on the magnitude of HTN in Vietnam. Consolidating 117 

available data in the literature into a national estimate of the prevalence of HTN is 118 

crucial to provide information for future policy regarding population need, 119 

management, and control of HTN in Vietnam. 120 

 121 

MATERIAL AND METHODS 122 

 123 

Study Design 124 

 125 

The study was conducted at Military Hospital 121. Consisting of 166 126 

patients who came to the Clinic of Cardiovascular – Endocrinology (A1), they 127 

were randomly selected and divided into two groups including: a)primary 128 



 

hypertension group (136 patients); b) control group without hypertension (30 129 

patients). Research period: February 2017 to January 2018. 130 

Selection criteria: 131 

 Control group. Being healthy, without hypertension, have similaritiesin 132 

age, gender distribution, and anthropometric indicators with the hypertension group. 133 

Fasting blood glucose was tested at the biochemistry department <7.0mmol134 

/ L. Agree to join the research. 135 

 Hypertension group. Patients with primary hypertension whowere 136 

screened at random were eligible for the study. Diagnosed with primary 137 

hypertension according to the standard of JNC VII with systolic bloodpressure138 

>140 mmHg and/or diastolic blood pressure >90 mmHg as measured by mercury 139 

sphygmomanometer, or patients under control blood pressure is equal to one of 140 

the common antihypertensive drugs, with a fasting blood glucose index tested at 141 

the biochemistry department <7.0 mmol / L. Agree to join the research. 142 

 143 

 144 

2010.145 

Exclusion criteria for both disease and control groups: 146 

 Diabetes has been diagnosed and being treated according toADA 147 

 148 

 Endocrine diseases that affect blood glucose (Cushing,Basedow149 

maximal limb etc.). 150 

 Fever, severe water and electrolytedisorders. 151 

 Acute bacterialinfections. 152 

 Acute liver disease or severe kidneyfailure. 153 

 Patients who are taking drugs that affect glucose metabolism:steroids, 154 

cathecholamines, beta blockers, insulin, birth control pillsetc. 155 

 Severe comorbidities: stroke, coma, liver failure, heart failure,severe 156 

kidney failure. 157 

 Secondary hypertension group (renal artery stenosis,renal 158 

parenchyma disease, adrenal medullary tumoretc.). 159 

 Pregnant. 160 

 Patients who did not cooperate in thestudy. 161 

 162 

Sample size 163 

164 

 165 

The sample size was calculated following the formula: 166 

 167 

 168 

 169 

 170 

 171 

(1) 172 
 173 
 174 
 175 

 176 



 

where p is insulin resistance rate in hypertensive patients estimated by Huynh Van 177 

Minh's research in 1996 with; p = 41.7%. So n = 130 patients. The minimum 178 

number of patients required in the study was 130, in fact we studied over 136 179 

patients. 180 

 181 

RESEARCH DESIGN 182 

 183 

The prospective study, cross-sectional description had a comparative control 184 

between the research group and the control group. 185 

 186 

RESULTS 187 

 188 

Among participants, there were 66.2% women with HPN and almost the 189 

same amount in control group (CG) (Table 1). The mean age was from 57 to 60 190 

years. All of participants belonged to the group with risk habits, such as smoking, 191 

drinking alcohol, eating salty foods and sweets without the hard physical exercises. 192 

As HPN as well as CG almost do not have any comorbidities, such as gestational 193 

diabetes or bad history of HPN. The average SBP and DBP for HPN group was 194 

150/82 mmHg, where in CG – 110/64 mmHg. Average BMI, waist and WHR 195 

parameters and central obesity perimeter were slightly higher among subjects of 196 

the HPNgroup. 197 

Baseline biochemical characteristics of participants are presented in Table 2. 198 

The mean age ± SD of hypertensive patients and normotensives were 47.6±4.2and 199 

38.4±3.7 years, respectively. Levels of fasting blood sugar, HbA1C and fasting 200 

plasma insulin were 5.74 ± 4.3 mmol/L, 5.71 ± 0.52 % and 86.01 ± 60.08 pmol/L, 201 

respectively,inhypertensivesubjectswhileinnormotensivesubjects,theywere 202 

5.21 ± 0.61 mmol/L, 5.55 ± 0.55 % and 51.19 ± 23.63 pmol/L respectively, which 203 

were significantly higher in hypertensive patients. 204 

Table 1. General characteristics of the study respondents 205 

 Hypertension Control 
p 

group (n=136) group (n = 30) 

Sex: male, n (%) 46 (33.8) 13 (43.3) 
0.325 

female, n (%) 90 (66.2) 17 (56.7) 

Age: max 84  82   

0.28 min 24  25  

mean 60.33 ± 12.33 57.56 ± 14.61 

Daily habits:      

smoking, n (%) 35 (25.7) 10 (33.3) 0.397 

drinking alcohol, n (%) 30 (22.1) 6 (20) 0.804 

eating salty food, n (%) 47 (34.6) 4 (13.3) 0.039 

eating sweets, n (%) 48 (35.3) 4 (13.3) 0.019 

Physical exercise:      

light, n (%) 19 (14) 4 (13.3)  

moderate, n (%) 27 (19.9) 15 (50) < 

hard, n (%) 33 (24.3) 9 (30) 0.001 
none, n (%) 57 (41.9) 2 (6.7)  

Family health history of diabetes:      



 

yes, n (%) 24 (17.6) 5 (16.7) 0.898 
no, n (%) 112 (82.4) 25 (83.3) 

Family health history of hypertension:      
0.992 

yes, n (%) 50 (36.8) 11 (36.7) 

no, n (%) 86 (63.2) 19 (63.3) 

Gestational diabetes:      

n.d. yes, n (%) 0  0  

no, n (%) 136 (100) 30 (100) 

Birth weight > 4 kg:     

0.504 yes, n (%) 2 (1.5) 0  

no, n (%) 134 (98.5) 30 (100) 

Time detection of hypertension:     
< 5 years, n (%) 59 (43.4) 

5-10 years, n (%) 37 (27.2) 

>10 years, n (%) 40 (29.4) 

Systolic blood pressure SBP (mmHg) 150.03 ± 27.15 110.33 ± 11.29 <0.001 

Diastolic blood pressure DBP (mmHg) 82.82 ± 18.27 64.40 ± 12.70 <0.001 

Average (body mass index ) BMI 23.49 ± 3.86 22.52 ± 3.19 0.201 

Classification BMI:     
 

0.535 

under weight, n (%) 10 (7.4) 2 (6.7) 
normal range, n (%) 56 (41.2) 17 (56.7) 
over weight, n (%) 28 (20.6) 6 (20) 

obesity, class I, (n%) 35 (25.7) 4 (13.3) 0.107 

obesity, class II, (n%) 7 (5.1) 1 (3.3) 0.266 

Waist circumference (cm) 85.82 ± 11.60 82.66 ± 9,04 0.158 

Buttocks circumference 95.27 ± 9.51 93.60 ± 6.00  

 
 

0.335 

waist-hip ratio (WHR) 0.90 ± 0.86 0.88 ± 0.061 

Central obesity:     

yes, n (%) 94 (69.1) 18 (60) 

no, n (%) 42 (30.9) 12 (40) 

 206 

The cholesterol, triglyceride and serum HDL was significantly higher in 207 

hypertensive patients (5.55 ±1.27, 2.94±2.17 and 2.43 ±0.87 mmol/L 208 

respectively) thanin normotensive subjects  (4.56 ± 0.71,  1.62 ± 0.93and 209 

1.36 ± 0.33 mmol/L). 210 

 211 

Table 2. Baseline biochemical characteristics of patients investigated in the 212 

current study 213 

 Hypertension group Control group (n 
p 

(n=136)  = 30)  

Characteristics of blood sugar level, fasting plasma insulin, HbA1C, and HOMA 
indicators 

Fasting blood sugar 5.74 ± 4.3 5.21 ± 0.61 0.505 

level(mmol/L)  5.71 ± 0.52 5.55 ± 0.55 0.138 

HbA1C (%)  86.01 ± 60.08 51.19 ± 23.63 <0.001 

Fasting plasma insulin 1.61 ± 1.09 0.98 ± 0.41 <0.001 

(pmol/L) 111.56 ± 51.45 86.68 ± 41.63 0.014 



 

HOMA2-IR 86.30 ± 46.62 119.42 ± 54.74 0.001 

HOMA2-%B    

HOMA2-%S    

Blood lipid characteristics 

Cholesterol (mmol/L) 5.55 ± 1.27 4.56 ± 0.71 < 0.001 

High cholesterol, n (%) 84 (61.8) 8 (26.7) < 0.001 

Triglyceride (mmol/L) 2.94 ± 2.17 1.62 ± 0.93 < 0.001 

High triglyceride, n (%) 88 (64.7) 9 (30) < 0.001 

LDL-C (mmol/L) 3.83 ± 1.42 2.64 ± 0.59 < 0.001 

High LDL-C, n (%) 86 (63.2) 3 (10) < 0.001 

HDL-C (mmol/L) 2.43 ± 0.87 1.36 ± 0.33 0.592 

Low HDL-C, n (%) 28 (20.6) 5 (16.7) 0.626 

Metabolic lipid disorders, 125 (91.9) 15 (50) < 0.001 

n (%)    

The rate of insulin resistance and beta cell function 

Insulin resistance:     

<0.01 No, n (%) 64 (47.1) 22 (73.3) 

Yes, n (%) 72 (52.9) 8 (26.7) 

Beta cell function:     
0.033 

diminished, n (%) 5 (3.7) 4 (13.3) 

normal, n (%) 97 (71.3) 23 (76.7) 

enhance, n (%) 34 (25) 3 (10) 

Characteristics of beta cell function in hypertension group 
 Insulin resistance Not insulin  
 (n=72) resistance (n=64) 

Reduced, n (%) 0 (0) 5 (7.8) < 0.001 

Normal, n (%) 41 (56.9) 56 (87.5) < 0.001 

Enhance, n (%) 31 (43.1) 3 (4.7) < 0.001 
 214 

Table 3 presents the prevalence of hypertension by some sociodemographic 215 

factors and physical parameters. Data showed that the prevalence of hypertension 216 

increased significantly with overweight and obesity (59.7 % vs 40.3 % and 76.4 217 

% vs 23.6 %, respectively). Female population had higher prevalence of 218 

hypertension compared to male population (75 % vs. 25 %). The prevalence of 219 

hypertension also varied as a function of three NCD risk factors, smoking, high 220 

BMI, and comorbidities. Specifically, among population with BMI at normal rage, 221 

the prevalence of hypertension was 40.3 % while among population with BMI with 222 

over weight, this figure was 59.7 %. About 25 % people currently smoking, 22 % 223 

people currently drinking, 34-35 % those who eating salty foods and sweets were 224 

reported to have hypertension. 225 

Table 3. Prevalence of hypertension by sociodemographic factors and NCD 226 

risk factors 227 

 Insulin resistance Reduced beta cell function 

Yes No 
p 

Yes No 
p 

(n=72) (n=64) (n=5) (n= 131) 

Age 59.90 ± 10.5 60.82 ± 13.6 0.66 71.4 ± 10.2 59.91 ± 12.2 0.04 



 

1 4 1 4 1 

physical       
0.93 

activity: 42 (58.3) 37 (57.8) 0.95 3 (60) 76 (58) 

yes, n (%) 30 (41.7) 27 (42.2) 1 2 (40) 55 (42) 

no, n (%)      

Sex:       

male, n(%) 18 (25) 28 (43.8) 002 3 (60) 43 (32.82) 0.20 

female, 54 (75) 36 (56.3) 1 2 (40) 88 (67.72) 7 
n(%)       

Family       

health  0 24 (18.32)  

history of 0.09 5 (100) 107 (81.68) 0.29 

diabetes: 5   2 

yes, n (%) 9 (12.5) 15 (23.4)     

no, n (%) 63 (87.5) 49 (76.6)     

Family       

health  1 (20) 49 (37.40)  

history of 
0.85 

4 (80) 82 (62.60) 
0.42 

hypertensio 
  

0 
  

8 
n:   

yes, n (%) 27 (37.5) 23 (35.9)     

no, n (%) 45 (62.5) 41 (64.1)     

Gestational    
- 

   
- 

diabetes: 0 0 0 0 

yes, n (%) 72 (100) 64 (100) 5 (100) 131 (100) 

no, n (%)     

Birth    
 

- 

   

weight >4 0 0 0 2 (1.52) 
0.78 

kg: 72 (100) 64 (100) 5 (100) 129 (98.48) 

1 
yes, n (%)     

no, n (%)      

Smoking:   
0.07 

  
0.07 

yes, n (%) 21(32.8) 14 (19.4) 3 (60) 32 (24.43) 
5 4 

no, n (%) 43 (67.2) 58 (80.6) 2 (40) 99 (75.57) 

SBP, 148.88 ± 28. 151.25 ± 25. 0.60 144 ± 23.0 150.26 ± 27. 0.61 
(mmHg) 90 20 3 2 34 4 

DBP, 82.55 ± 20.5 83.12 ± 15.4 0.85 80 ± 12.24 82.93 ± 18.4 0.72 

(mmHg) 8 1 7  9 6 

Waist       

circumferen 88.29 ± 11.5 83.05 ± 11.1 0.00 76.80 ± 13. 85.81 ± 11.6 0.07 

ce (cm) 0 6 8 41 4  6 

BMI 24.52 ± 4.17 22.34 ± 3.15 0.29 22.09 ± 4.9 23.55 ± 3.84 0.41 

WHR 0.91 ± 0.08 0.89 ± 0.08 0.12 4 0.90 ± 0.09 1 
   2 0.87 ± 0.74   0.37 

BMI        

classificatio 29 (40.3) 37 (58.8)  3 (60) 64 (48.9)  

n: 43 (59.7) 27 (42.2)  2 (40) 67 (51.1)  



 

normal   0.04    0.62 

range, n(%)   1    5 

over        

weight, n        

(%)        

Central        

obesity: 55 (76.4) 34 (53.1) 0.04 3 (60) 91 (69.6) 0.64 

yes, n (%) 17 (23.6) 30 (46.8) 4 2 (40) 40 (30.4) 4 
no, n (%)        

 228 

All studied patients in HPN group have high levels of investigated 229 

biochemical characteristics at the condition of insulin resistance and high beta-cell 230 

function (Table 4). For instance, the level of fasting blood sugar increasing on 17% 231 

at insulin resistance, compared to the absence of it. Simultaneously, such 232 

characteristics as triglyceride, high cholesterol, high triglyceride and metabolic 233 

lipid disorders also higher on 13-18 %. All of these characteristics also 234 

significantly raising at reduced beta-cell function condition. For example, a high 235 

triglyceride level increased to 20%; were low HDL-C parameter – 60%. 236 

 237 

Table 4. Relationship between insulin resistance and beta cell function and 238 

biochemical characteristics in hypertension group 239 

 Insulin resistance Reduced beta cell function 

Yes No 
p 

Yes No 
p 

(n=72) (n=64) (n=5) (n= 131) 

Fasting blood 6.24 ± 5.85 5.17 ± 0.61 0.15 6.1 ± 0.69 5.73 ± 4.38 0.850 
sugar level 

(mmol/L) 

HbA1C (%) 5.83 ± 0.57 5.58 ± 0.43 0.005 5.46 ± 0.53 5.73 ± 0.52 0.267 

Cholesterol 5.56 ± 1.35 5.53 ± 1.17 0.889 5.61 ± 1.00 5.55 ± 1.28 0.821 
(mmol/L) 

Triglyceride 3.04 ± 1.29 2.82 ± 1.03 0.573 4.06 ± 2.69 2.89 ± 1.13 0.242 
(mmol/L) 

LDL-C  3.97 ± 1.56 3.67 ± 1.24 0.221 3.96 ± 1.42 3.83 ± 1.43 0.840 
(mmol/L) 

HDL-C 1.46 ± 0.51 3.52 ± 1.83 0.277 1.27 ± 0.45 2.45 ± 0.07 0.808 

(mmol/L)       

High 

cholesterol, n 
(%) 

46 (63.9) 38 (59.4) 0.589 3 (60) 81 (61.8) 0.934 

High 

triglyceride, n 
(%) 

47 (65.3) 41 (64.1) 0.882 4 (80) 84 (64.1) 0.466 

High LDL-C, 
n (%) 

47 (65.3) 39 (60.9) 0.6 3 (60) 83 (63.3) 0.878 

Low HDL-C, 
n (%) 

17 (23.6) 11 (17.2) 0.355 4 (80) 11 (20.6) 0.971 



 

Metabolic 

lipiddisorders, 
n (%) 

68 (99.4) 57 (89.1) 0.251 68 (99.4) 121 (92.4) 0.32 

 240 

Patients (n = 18) with increased LVMI have higher HOMA2-%B score 241 

compared to those (n = 118) LVMI is not increased (127.75 ± 53.26 vs 108.76 ± 242 

51.38) (Table 5). However, all patients in the group without increase LVMI have 243 

lower values of HOMA2-IR>1.22, HOMA2-IR<1.22, HOMA2-%B<45.05 and 244 

HOMA2-%B>45.05. However, retinopathy and hypertension complications almost 245 

do not correlate with biochemical characteristics and stay practically the same in 246 

all cases. 247 

 248 

DISCUSSION 249 

 250 

Among a lot of risk factors affected the HPN such as tobacco use, unhealthy 251 

diet, harmful use of alcohol, low physical activity, overweight, and persistent stress 252 

– are the prevalent. These findings are consistent with, and extend, those of other 253 

reports, relating healthy lifestyle and behaviors to better BP control. Participation 254 

in moderate-intensity physical activity, consumption of a diet rich in fruits and 255 

vegetables, and maintenance of a healthy body weight have all been described as 256 

lowering BP. In addition, counselling interventions promoting healthy behaviors 257 

are effective in reducing BP in individuals who do not have hypertension or known 258 

cardiovascular risk factors. However, determining the independent effects of the 259 

individual components of a healthy lifestyle on BP is challenging, as these risk 260 

factors are highly interrelated. Many positive effects may be due to described 261 

physiological mechanisms. Additional benefits may be realized through a greater 262 

tendency to adhere to medical advice and treatment among individuals who engage 263 

in healthylifestyles. 264 

Table 5. Correlation of left ventricular mass (LVMI), retinopathy and 265 

hypertension complications with laboratory and parameters in hypertension group. 266 

Relationship between insulin resistance and beta cell function and LVMI 
(echocardiography) 

 increase LVMI not increase LVMI p 
(n = 18) (n = 118) 

HOMA2-IR 1.61 ± 0.73 1.61 ± 1.14 0.996 

HOMA2-%B 127.75 ± 53.26 108.76 ± 51.38 0.148 

LVMI (g/m
2
) 235.51 ± 60.16 122.47 ± 28.2 < 0.001 

HOMA2-IR>1.22 12 (66.67%) 60 (50.85%) 
0.21 

HOMA2-IR<1.22 6 (33.33%) 58 (29.15%) 

HOMA2-%B<45.05 1 (5.56%) 4 (3.39%)  
0.514 HOMA2-%B>45.05 17 (94.44%) 114 (96.61%) 

Relationship between insulin resistance and beta cell function and hypertension 
retinopathy 

 retinopathy (n = not retinopathy(n = p 
 37)  99) 

HOMA2-IR 1.42 ± 0.73 1.68 ± 1.2 0.219 

HOMA2-%B 110.94 ± 53.57 111.4 ± 51.44 0.963 



 

HOMA2-IR>1.22 19 (51.35%) 53 (53.54%)  
0.82 HOMA2-IR<1.22 18 (48.64%) 46 (46.46%) 

HOMA2-%B<45.05 2 (5.41%) 3 (3.03%) 
0.613 

HOMA2-%B>45.05 35 (94.59%) 96 (96.96%) 

Relationship between insulin resistance and beta cell function and hypertension 
complications 

 GRF < 60 GRF > 60  

p (ml/min/1,73 m
2
) (ml/min/1,73 m

2
) 

(n = 25) (n = 111) 

HOMA2-IR 1.84 ± 1.49 1.55 ± 0.99 0.371 

HOMA2-%B 111.78 ± 71.17 111.16 ± 46.82 0.967 

GRF (ml/min/1.73m
2
) 50.64 ± 8.05 86.26 ± 29.05 < 0.001 

HOMA2-IR>1.22 13 (48.15%) 59 (53.15%) 
0.91 

HOMA2-IR<1.22 12 (51.85%) 52 (46.85%) 

HOMA2-%B<45.05  2 (8%) 3 (2.71%) 
0.204 

HOMA2-%B>45.05 23 (92%) 108 (97.29%) 

 267 

CONCLUSION 268 

 269 

This study found that physical inactivity, a diet low in fruits and vegetables, 270 

being overweight or obese, the presence of diabetes were strong risk factors for 271 

high blood pressure, and the risk of hypertension increased linearly with each 272 

additional exposure. Many of these risk factors are modifiable. Therefore, these 273 

findings may be important for health policy and clinical practice. Further study 274 

isneeded to determine whether hypertension can be delayed or even prevented with 275 

early interventions targeting these risk factors. 276 

The results of this study also demonstrate that patients with hypertension are 277 

more likely than normotensive patients to exhibit dyslipidemia, including elevated 278 

TC, LDL, TG, and reduced HDL cholesterol levels. Our results suggest that 279 

elevated BP may predict certain disturbances in lipoprotein metabolism. This 280 

association will help to develop future strategies for preventing both hypertension 281 

and dyslipidemia through proper lifestyle changes or medical management or by 282 

the combination of both. Hypertensive patients need measurement of BP and lipid 283 

profile at regular intervals throughout their primary healthcare. 284 
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