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Objectives: Hypertension is a global major health challenge and mechanisms related to the 
risk factors associated with it are poorly understood. Therefore, we used structural modeling to 
test a hypothesized model to identify factors associated with hypertension. 

Methods: A cross-sectional population based survey, was performed and the data related to 
a random representative sample of 9704 subjects of MASHAD study were used. Then, we 
determined the relationship between risk factors for hypertension using structural equation 
modeling technique. The data were analyzed using Amos V. 22. 

Results: The conceptual model was validated by Goodness of Fit Indexes (CFI=0.939, 
TLI=0.908, NFI=0.935, RMSEA=0.04, SRMR=0.037). Obesity and lack of physical activity 
had the greatest impact on blood pressure. 

Discussion: Findings show evidences to confirm the conceptual model considered in the 
risk factors for hypertension that can be helpful in policies for preventing hypertension and 
consequently, the disabilities that arise from it.
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Highlights 

● Fit indices indicate that the first proposed model fits poorly to the data. P values associated with SES, poor diet, and 
physical activity with blood pressure and also age and triglycerides were lower than 0.01, so their direct effects were 
removed.

● After modifications, the model showed a good fit with the sample data. CFI and TLI and NFI index values were 
greater than 0.9; RMSEA and SRMR were less than 0.05.

● Waist to hip ratio (WHR) appears to be more appropriate to represent obesity according to factor loadings.

● There are risk factors that do not directly increase blood pressure but indirectly affect it. For example, physical activity 
and diet may not directly increase blood pressure but they can be affected by other variables that cannot be ignored.

● Age, obesity, and physical activity were the most important factors on increasing blood pressure.

Plain Language Summary 

Given the importance of hypertension in health sciences, we used structural equation modeling as a powerful statisti-
cal method to examine hypertension risk factors. A conceptual model was proposed about relationships between risk 
factors of hypertension. The model suitability was confirmed with available information of 9704 participants in MA-
SHAD study. Findings highlighted the value of direct and indirect effects and indicated that age, obesity and physical 
activity were the most influential factors on increasing blood pressure but physical activity had indirect effect on blood 
pressure. It appears that choosing a healthy lifestyle, including sufficient physical activity and preventing obesity are 
essential for prevention and management of hypertension.

1. Introduction

ypertension is a prevalent chronic disease 
and accordingly a global major health is-
sue. Hypertension is an important risk 
factor for cardiovascular diseases and 
studies showed that even people with 

slightly high blood pressure have an increased risk for 
cardiovascular disease [1]. 

The prevalence of hypertension varies between dif-
ferent populations. According to the World Health Or-
ganization, the number of people with hypertension is 
estimated to be approximately one billion, and mortal-
ity rate associated with this disease is 1.7 million people 
per annum, globally [2, 3]. Approximately one of every 
3 adults is affected with hypertension [4]. In Iran, the 
prevalence of hypertension is about 25% in the whole 
population and 32% in adults [5]. 

High blood pressure may lead to microvascular and 
macrovascular damages, and undoubtedly hyperten-
sion-associated diseases and events are risk factors for 
disability [6-9]. Disability happens if an organ fails to 
perform its function [7]. Millions of dollars are directly 

spent to treat these diseases and their disabilities. There-
fore, identification of risk factors for designing preven-
tive programs is very important.

Several studies investigated the risk factors associ-
ated with hypertension. The important known risk fac-
tors for high blood pressure include age, genetic factors, 
overweight/obesity, smoking, high cholesterol, diabetes 
mellitus, and physical inactivity [4, 10]. The prevalence 
of hypertension is approximately 50%, and there is a 
positive correlation between its severity and increased 
obesity, among the overweight and obese population. 
Approximately 70% of patients with hypertension have 
been reported to be overweight, and more than 30% of 
them were found to be obese. Bramlage et al. reported a 
strong correlation between overweight and both systolic 
and diastolic blood pressures. They also found that over-
weight reduces the effectiveness of high blood pressure 
treatments [11].

Kokkinos et al. found that increased physical activity 
with an appropriate intensity and duration can reduce 
blood pressure. They recommended to develop a nation-
al sports health plan as primary prevention [2]. Differ-
ences in the prevalence of hypertension are associated 

H
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with social class in high income countries. The preva-
lence of hypertension and cardiovascular disease is low-
er in the upper socioeconomic classes in industrialized 
countries. However, the opposite relationship has been 
reported in South Africa. Thus, the relationship between 
socioeconomic status and hypertension may need to be 
taken into account [12].

Primatesta et al. reported a strong relationship be-
tween smoking and cardiovascular diseases that cause 
acute artery disease in keeping with hypertension and 
fat. Smoking increases blood pressure and heart rate 
and is associated with severe and resistant hypertension 
[9]. Venkataraman et al. found that smoking causes a 
sudden increase in blood pressure and heart rate and 
that heart rate remains high for more than 15 minutes in 
smokers [3]. The regression models are fitted with the 
assumption of non-collinearity and were not appropri-
ate to use, because several factors are correlated with 
hypertension. A model is required to detect the correla-
tion structures and consider the main and independent 
factors in the form of latent variables along with other 
obvious variables. For this purpose, structural equation 
modeling may be more appropriate.

Structural equation modeling is a general multivari-
ate technique that allows simultaneous examination of 
a set of regression equations [13]. Structural equation 
modeling can be easily applied in complex situations 
that include relationships between one or more indepen-
dent latent variables and one or more dependent latent 
variables [14-16]. Obvious variables in such models are 
those that can be measured directly like age and gender. 
Latent variables are not directly observed and are often 
inferred from other variables [14].

Unlike traditional regression models that consider 
each covariate in the model as an independent variable 
directly affecting increased blood pressure, structural 
equation modeling allows simultaneous assessment of 
relevant pathway of risk factors as independent and/
or dependent. Studies in Iran overlooked a model of 
hypertension and its risk factors which can take both 
direct and indirect effects in order to prevent its occur-
rence and thereby reduce the number of injuries and 
disabilities caused by hypertension. Therefore, we used 
structural equation modeling to test our hypothesized 
model of risk factors for increased blood pressure using 
data from Mashhad Stroke and Heart Atherosclerotic 
Disorder (MASHAD) study. 

2. Methods

Design and setting

The relevant data were extracted from the population-
based MASHAD study. In this 10-year cohort study, the 
effect of genetic, environmental, nutritional, and psy-
chosocial risk factors on the incidence of cardiovascular 
events have been explored in Eastern Iran. In MASHAD 
study, a sample of 9704 people were selected using 
stratified cluster sampling method. The age range of the 
participants was 35-65 years. Results of this cohort study 
are reported in two phases: cross-sectional data and co-
hort data. We used the cross-sectional data. For more in-
formation about the sampling and data gathering, refer to 
Ghayour and associates [17].

The following characteristics were determined by 
all study participants: Social economic status: Surro-
gate social economic status variables were determined 
as indicator variables, i.e. the household income per 
month, household educational level and the number of 
family members; Blood pressure: This was determined 
as systolic and diastolic blood pressures; Dietary fac-
tors: Some nutritional characteristics that seemed to be 
involved in unhealthy nutrition were entered into the 
model as indicators of poor nutrition. These variables in-
cluded dietary saturated fat, cholesterol, sucrose and so-
dium; Obesity: The 2 indices presented in the scientific 
literature for obesity, i.e. Body Mass Index (BMI) and 
Waist Hip Ratio (WHR) are used as indicators of obesi-
ty; and Additional biobehavioral factors: Other variables 
considered in this analysis were age, physical activity, 
glucose, and triglycerides.

Data analysis

A structural equation model was determined to esti-
mate the effects of risk factors for hypertension. Paths 
considered in the model were determined based on the 
theory, previous studies and opinion of medical special-
ists. Structural equation models typically combine mea-
surement and structural models. Based on measurement 
models, the researcher defined which observed variables 
measuring latent variables and based on structural mod-
els, the impact of independent variables on dependent 
variables or correlation between variables was deter-
mined. With this model, it is possible to simultaneously 
assess the quality of variables measuring the acceptabil-
ity of the direct and indirect effects and the confirmation 
of defined relations between the variables [18-21].
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The structural equation modeling aims to test the hy-
pothesis that the observed covariance matrix and cova-
riance matrix generated from a given model is similar 
or not. The conceptual model was identified based on 
previous studies and expert opinions, relations between 
obesity, Socioeconomic (SE) status, poor diet and blood 
pressure along with the observed variables of age, glu-
cose, triglycerides and physical activity. Age, glucose 
level, and obesity showed direct effects on blood pres-
sure and SE status, poor diet, physical activity and tri-
glycerides had indirect effects on blood pressure. 

The model was as follows: After defining conceptual 
model, identification of model is examined. In order to 
unify scale indicator of each factor, one of the loading 
factors was considered as one. Saturated fat, systolic 
blood pressure, education level and BMI were indicators 
that their loadings were considered as one. In the next 
step, the appropriateness of model was considered. Us-
ing the usual goodness of fit indices, fitting of conceptual 
model to data was analyzed. From more than thirty eval-
uation indices in structural equation modeling, adjusted, 
CFI, TLI, NFI, RMSEA were evaluated. However, since 
the sample size was large, even the adjusted was also 
sensitive to the sample size and not reliable. 

Considering the availability of maximum likelihood 
approaches in a large number of structural equation 
modeling software, FIML approach was used for the 
missing data. This method uses all available data to 
achieve the best estimate of first and second order mo-
ments and therefore generates a covariance matrix and 
an average vector [22-25].

3. Results

Of 9704 participants in the analysis, 40% were males 
and 60% were females. The mean age of the entire 

population was 48.1 years. Twenty-three percent of the 
population suffered from hypertension (diastolic blood 
pressure over 90 or systolic blood pressure above 140). 
The prevalence of hypertension was higher among men 
than women (13.3% vs. 24.4%). The age distribution of 
patients with hypertension on the basis of gender is pre-
sented in Table 1.

Some demographic indicators of this study are listed 
in Table 2. For other descriptive characteristics of the 
samples, see Ghayour et al. [17]. Because multivariate 
normality is one of the basic assumptions of fitting a 
structural equation model with maximum likelihood es-
timation, this assumption was tested before the analysis. 
Sometimes strong skewness may cause severe deviations 
from multivariate normality. Different transformations 
were used to normalize the data, and finally after examin-
ing skewness and kurtosis of transformed data, a logarith-
mic transform was chosen as the most appropriate. 

After running the model, the conceptual model indicat-
ed an initial poor fit based on the goodness of fit measures 
(CFI=0.736, TLI=0.708, NFI=0.732, RMSEA=0.08, 
SRMR=0.068). The P values associated with SES, in-
cluding poor diet, and physical activity with blood pres-
sure, age and triglyceride and also physical activity with 
glucose, were lower than 0.01. Therefore, these direct 
effects were removed. After this modification, the model 
had a good fit with the sample data. Figure 1 shows final 
path coefficient and factor score analysis. The direct ef-
fects of age, obesity, blood pressure, and blood glucose 
were significant. Directions that are not meaningful are 
marked with dotted points.

The variables could have direct or indirect effects on a 
structural equation model. It is possible for a variable to 
lack a direct effect on other variables but have indirect 
effect through other variables. Socioeconomic status is 

Table 1. Age distribution of patients with hypertension based on gender

Age Groups (y)
No. (%)

Male Female Total

35-39 86(9) 86(6) 172(7)

40-49 253(27) 421(31) 674(29)

50-59 406(43) 598(44) 1004(44)

60-64 208(21) 250(19) 458(20)

Total 953(100) 1355(100) 2308(100)

Yousefi R, et al. Identifying Factors Associated with Hypertension. IRJ. 2018; 16(3):307-316.
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one of such variables, in the model we defined. Also, 
the effect of one variable on another may be enhanced 
with indirect effects. Calculating indirect effects and thus 
calculating the total effects between variables is an ad-
vantage of the structural equation modeling technique. 
Direct, indirect, and total effects are presented in Table 3.

Socioeconomic status has an indirect effect (rather 
than a direct effect) on blood pressure. The total effects 
show that age has the greatest impact on blood pres-
sure. Physical activity has no direct effect on blood 
pressure but its indirect effect is relatively high. The 
negative value indicates that blood pressure is reduced 
with increased physical activity. 

The total effects of variables are presented in Table 
4. Coefficients show that the risk of obesity is strongly 
reduced with physical activity. Also, Physical activity 
reduces the level of triglycerides. Obesity has a greater 
impact on systolic blood pressure in comparison with 
diastolic blood pressure. On the whole, all variables had 
more impact on systolic blood pressure than diastolic 
blood pressure.

4. Discussion

Hypertension is the most prevalent risk factor for car-
diovascular disease leading to myocardial infarction, 
stroke, heart failure, microvascular disease, renal failure, 
and early death. Previous studies showed an increased 
chance of developing cardiovascular diseases even in 

Table 2. Sociodemographic characteristics of the MASHAD study population

Variable
No. (%)

Male Female Total

Family 
members (n)

1 23(0.6) 122(2.1) 145(1.5)

2 163(4.2) 511(8.7) 674(6.9)

3 571(14.6) 864(14.7) 1435(14.7)

4 1318(33.8) 1601(27.3) 2919(29.9)

5 1028(26.3) 1507(25.7) 2535(26)

6 480(12.3) 759(13) 1239(12.7)

≥7 320(8.2) 495(8.5) 815(8.4)

Last 
educational 

level

Illiterate 305(7.8) 1027(17.5) 1332(13.6)

Elementary school 1311(33.6) 2690(45.9) 4001(41.0)

High school or equivalent 1611(41.3) 1759(29.9) 3370(34.6)

College degree 220(5.6) 143(2.4) 363(3.7)

Bachelor’s degree 372(9.5) 211(3.6) 583(6.0)

Master’s degree 58(1.5) 18(0.3) 76(0.8)

Doctoral degree or above 15(0.4) 6(0.1) 21(0.2)

Seminary degree 10(0.3) 4(0.1) 14(0.1)

Job status

Student 10(0.3) 12(0.2) 22(0.3)

Employed 2866(73.4) 706(12) 3572(36.6)

Unemployed 327(9.81) 4889(83.4) 5216(53.4)

Retired 700(17.9) 252(4.3) 951(9.7)

Yousefi R, et al. Identifying Factors Associated with Hypertension. IRJ. 2018; 16(3):307-316.
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people with blood pressure of slightly above the normal 
range. There is a need for new models to identify risk 
factors for hypertension, because of the high prevalence 
of this disease. Therefore, we tried to consider a statis-
tical model to look for the effects of such factors that 
enhance the risk of disease in all populations, including 
healthy, at risk, or suffering from hypertension.

The current investigation was based on a predictive 
model using a cross-sectional study to identify direct 
and indirect effects of hypertension risk factors. In this 
regard, some of these factors were selected based on the 
previous studies and expert opinions. Hypertension was 
defined as the latent response variable and obesity, so-
cioeconomic status, and poor diet variables were defined 

Table 3. Direct, indirect, and total effects on blood pressure

Total EffectIndirect EffectDirect EffectVariable

0.3860.110.258Age

0.3170.0080.309Obesity

-0.148-0.148-Physical activity

0.0030.003-Poor diet

-0.035-0.035-SE status

0.05-0.05Serum glucose

0.0060.006-Serum triglycerides

Figure 1. Structural equation analysis of risk factors for hypertension, standardized direct effect coefficients P<0.01

The paths that are not meaningful are marked with dashes.
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as latent predictors. In addition, age was assumed as an 
exogenous variable. Glucose and triglycerides were also 
added to the model as mediator variables.

These variables were selected in consistent with other 
studies. For example, in the study of Bardenheier, nutri-
tional factors were determined using variables such as 
total sugar, solid fat, vegetable consumption, saturated 
fat, red meat, and processed meat. Also, the number of 
family members, family income, marital status and edu-
cational level were considered as the indicators of the 
latent socioeconomic status variable [26]. 

Cois et al. analyzed the economic and social aspects 
of systolic and diastolic blood pressure as latent vari-
ables. In their study, income, education, body mass in-
dex, alcohol consumption, smoking and physical activ-
ity were frequently observed variables that affect latent 

blood pressure variables [12]. Shen et al. reported that 
in the case of metabolic syndrome, obesity depends on 
two variables of body mass index and waist-hip circum-
ference, and blood pressure has been considered on the 
basis of systolic and diastolic pressure [27]. Nock and 
colleagues defined blood pressure as a latent variable in a 
study on the subject of metabolic syndrome with systolic 
blood pressure and diastolic blood pressure as observed 
variables [28]. 

Basic structural equation model was fitted using the 
MLR method and then the goodness of fit indexes were 
evaluated. According to the value of these indices, the 
proposed model poorly fitted to the data. P values as-
sociated with SES, poor diet, and physical activity with 
blood pressure and also age and triglyceride were lower 
than 0.01, therefore, these direct effects were removed. 
After this modification, the model fitted well with the 

Table 4. Coefficients obtained by the SEM model 

Variable Age SE 
Status

Physical 
Activity Obesity Triglyceride Poor Diet Glucose Blood

 Pressure

SE status -0.21 - - - - - - -

Physical activity 0.021 -0.099 - - - - - -

Obesity 0.327 -0.113 -0.467 - - - - -

Triglyceride 0.122 -0.042 -0.175 0.374 - - - -

Poor diet 0.024 0.116 - - - - - -

Glucose 0.179 -0.012 -0.075 0.161 0.126 0.055 - -

Blood pressure 0.368 -0.035 -0.148 0.317 0.006 0.003 0.05 -

Sodium -0.011 0.053 - - - 0.455 - -

Sucrose -0.005 0.025 - - - 0.212 - -

Member count 0.015 -0.073 - - - - - -

Cholesterol -0.013 0.061 - - - 0.529 - -

Sat fat -0.02 0.097 - - - 0.841 - -

Degree -0.201 0.955 - - - - - -

Salary -0.076 0.361 - - - - - -

WHR 0.188 -0.065 -0.269 0.575 - - - -

BMI 0.15 -0.052 -0.214 0.458 - - - -

Systolic BP 0.366 -0.035 -0.147 0.315 0.006 0.003 0.049 0.994

Diastolic BP 0.285 -0.027 -0.114 0.245 0.005 0.002 0.038 0.733

Yousefi R, et al. Identifying Factors Associated with Hypertension. IRJ. 2018; 16(3):307-316.
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sample data. Because the sample size was high and Chi-
square index is highly sensitive to the sample size and in 
this situation even the modified Chi-square index is not 
reliable, this parameter was not considered in the deter-
mination of model goodness of fit. CFI and TLI and NFI 
index values greater than 0.9, as well as RMSEA and 
SRMR values less than 0.05 showed appropriateness of 
conceptual model in this study. 

After modifying the model, systolic blood pressure 
factor loading was more than diastolic blood pressure 
and therefore it is considered more important. Param-
eter estimation showed that age, obesity, and lack of 
physical activity are factors that increase the risk for 
hypertension. This finding is consistent with prior re-
search. Bramlag et al. reported a strong relationship be-
tween systolic blood pressure and diastolic blood pres-
sure in both groups with hypertension and those with 
low blood pressure. Also, overweight decreases the ef-
fect of treatment to control hypertension [11]. 

The current study also demonstrated that the effect of 
obesity on blood pressure is high with a positive coef-
ficient. Therefore, weight control can prevent the devel-
opment of hypertension. The structural equation model-
ing technique revealed that obesity had a slight indirect 
effect on blood pressure through glucose. Moreover, 
Kokinos et al. showed that increased intensity and dura-
tion of physical activity reduces blood pressure. Based 
on this study, increased physical activity had no direct 
effect on blood pressure, but this variable is affected by 
obesity on blood pressure. Thus, physical activity re-
duces the weight and blood pressure. Physical activity 
showed a relatively high indirect effect on blood pres-
sure. Therefore, sports program should be given priority 
for a national health primary prevention plan [2]. 

Mosavian et al. examined the effects of a specific 
physical activity on overweight menopausal women. In 
their study, physical activity decreased systolic and dia-
stolic blood pressure [29]. This study demonstrated that 
WHR factor loading was higher than BMI. Thus, WHR 
appears to be more appropriate to show obesity. In a sys-
tematic review by Yang et al., there was a positive as-
sociation between waist-to-height and waist-to-hip ratio, 
and cardiovascular disease [30]. This study is consistent 
with previous studies.

The results showed risk factors that do not directly in-
crease blood pressure but indirectly affect it. For exam-
ple, although physical activity and diet may not directly 
increase blood pressure, they might be affected by other 
variables and cannot be ignored. While, a typical regres-

sion model that does not take indirect effects is not able 
to demonstrate these effects and may lead to the elimina-
tion of these variables from the risk factors of hypertension.

Assessing coefficients of fitted model in Table 4 
showed that as the amount of salt, saturated fat and cho-
lesterol increased, the diet of the people was poorer, and 
this diet was directly related to their socioeconomic sta-
tus. However, BMI and WHR had a negative correla-
tion with SES. This is perhaps due to the fact that people 
from higher social classes try to be fitter.

In Micklesfield study, association between SES, physi-
cal activity, and sedentary time, and how they predict 
adiposity were examined in rural South African women. 
In their study, a structural equation model with BMI and 
waist variables was proposed and examined. Their re-
sults showed that overweight and obesity had a higher 
prevalence in urban society, and moderate-vigorous 
physical activity was lower in urban samples [8]. In con-
clusion, their results were inconsistent with ours.

This study applied structural equation modeling to ex-
amine hypertension risk factors. Our findings highlighted 
the value of direct and indirect effects on this matter. The 
only limitation of the present study was spending a lot of 
time to refine and prepare data due to the large volume 
of the data. There is a great need to continue research in 
other areas and other risk factors to help adopt people’s 
behaviors and modify preventive policies. Future studies 
should examine other risk factors and conduct research 
with respect to gender and to identify the significant dif-
ferences between the two genders.

5. Conclusion

The structural equation modeling technique evalu-
ated the quality and acceptability of direct and indirect 
effects and defined interaction between the variables. 
The final model estimations showed that age, obesity 
and physical activity were the most important influenc-
ing factors on increased blood pressure, respectively. 
Age and obesity both had direct and indirect effects by 
other variables in the variation of blood pressure. How-
ever, physical activity had an indirect effect on blood 
pressure. These indirect effects cannot be identified us-
ing conventional models. Practicing a healthy lifestyle, 
including sufficient physical activity and preventing 
obesity are essential for the prevention and manage-
ment of hypertension. Furthermore, WHR seems to be 
a better indicator of obesity than BMI. 

Yousefi R, et al. Identifying Factors Associated with Hypertension. IRJ. 2018; 16(3):307-316.
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