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Introduction

Abstract: This research addresses nutritional status, Body Mass Index
(BMI), Waist-Hip Ratio (WHR), physical activity and Blood Pressure
(BP) among female students attending King Abdul-Aziz University
(KAU) and correlates the changes in BMI and WHR with Systolic Blood
Pressure (SBP) and diastolic blood pressure (DBP). Saudi female students
(N = 232) aged 18 to 27 years old were recruited over two academic
semesters. The students were selected randomly. Socio-demographic
information and lifestyle data were collected using a self-administered
questionnaire. BP is measured using a validated sphygmomanometer and
BMI was calculated. The WHR was calculated after measuring waist
circumference and hip circumference using a measuring tape. Fasting
Blood Glucose (FBG) was tested using a glucometer. Of all the students,
according to BMI, 20.70% were underweight, 59.90% were normal,
11.50% were overweight and 7.80% were obese. While, according to
WHR, 96.60% had a normal weight and 2.20% were overweight. In
addition, 0.90% had dyslipidemia and 61.60% performed physical activity
on a regular basis. Family history was positive for diabetes mellitus in
86.60% and heart diseases in 47.80%. SBP was decreased by 4.70% while
DBP was decreased by 24.10%. Among all participants, there were
significant positive correlations between SBP and DBP and BMI;
between DBP and BMI and WHR; between BMI and age and WHR. A
high prevalence of hypotension was detected among female students that
may have been due to bad eating habits and intermittent physical activity.
Regular health checkups should be done to avoid chronic diseases and
cardiovascular complications. Further studies should be performed to
promote the importance of lifestyle modifications.

Keywords: Body Mass Index, Diastolic Blood Pressure, Physical Activity,
Systolic Blood Pressure, Waist-Hip Ratio

expectancy of 75.5 years of

Identifying the health and healthcare needs of the
next generation requires the examination of the health
status of young people (Patton et al., 2012). It is vital to
monitor the health status of younger generations as they
may face many risks at a young age (Catalano et al.,
2012). The up-to-date median age in the Kingdom of
Saudi Arabia (KSA) is 27.5 years of age with a life
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(http://worldpopulationreview.com). Due to the high
percentage of the young population in KSA, there is
an increased risk of different diseases, mental illness and
behavioural disorders (Memish et al., 2014). The
nutrition transition with associated lifestyle-related non-
communicable diseases has rapidly reached many
developing countries, including KSA (Memish et al.,
2014). Many case studies discussed how obesity may lead

© 2020 Asmaa H Almalki, Maha ST Saad, Shahad S Alzahrani, Munira A Moalim, Safa OA Nahdi, Hala S Sonbol and
Alana H Sunbol. This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0 license.


mailto:hsunbol@kau.edu.sa
http://worldpopulationreview.com/

Asmaa H Almalki et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (1): 32.39

DOI: 10.3844/ajbbsp.2020.32.39

to development of different diseases, especially
cardiovascular diseases (Abalkhail, 2000; Al-Daghri et al.,
2010; El Mouzan et al., 2010).

One of the risk factors that affects both the young and
elderly age groups is Blood Pressure (BP). BP is the
pressure of the resistance of blood flow against arterial
walls (Martin, 2015). Systolic Blood Pressure (SBP)
refers to the amount of pressure in arteries during the
contraction of heart ventricular muscles. Diastolic
Blood Pressure (DBP) is the pressure required to
allow a constant flow of blood in the blood vessels
(Sizer et al., 1991). BP increases progressively with age
in both males and females due to many factors such as
changes in the resistance in the blood vessels as well as
changes in the cardiac output (Al-Salloum et al., 2009).
The definition of hypotension varied among authors
over the years, making it difficult to estimate its
incidence. The reported incidences of hypotension
ranged between 1.9% and 71% (Ngan Kee et al., 2005).
More studies defined hypotension as proportional
reduction of SBP to a value lower than 70%-80% of
baseline, or a reduction of the SBP value under 90 mm
Hg and DBP below 60 mmHg in adults and that differ
according to age, BMI and gender (Liu et al., 2015).
Physical activity was associated with a decrease in BP
when compared to pre-exercise resting values; this
phenomenon is called Post-Exercise Hypotension
(PEH) (Barreto et al., 2015). Post-exercise decrease in
BP mainly occurs in hypertensive individuals (Polito
and Farinatti, 2006), which substantiates the medical
recommendation of physical exercise as a non-
pharmacological strategy to control and prevent Arterial
Hypertension (AH) (Senna et al., 2016).

A predictor of change in health risk is Body Mass
Index (BMI). It is a measure of the human body weight
to height (Sizer et al., 2012). The World Health
Organization (WHO) classifies BMI as underweight
(<18 kg/m?), normal (18.5-24.9 kg/m?), overweight (25-
29.90 kg/m?) and obese (>30 kg/m?) (Gibson, 2005). The
addition of Waist Circumference (WC) to BMI predicts a
greater variance in health risk than BMI does alone. In
women, BMI was associated with an increased risk of
many diseases; however, Waist-Hip Ratio (WHR)
appeared to be a stronger independent risk factor than
BMI (Lapidus et al., 1984). Epidemiological studies
showed a positive correlation between BMI and BP
(Saxon et al., 2010).

Chronic diseases, such as Chronic Vascular Disease
(CVD) are rising dramatically in the Eastern
Mediterranean region. About 45% of the region’s disease
burden is due to non-communicable diseases and it is
expected that this burden will rise to 60% by the year
2020 (Koura et al., 2012). The direct positive relationship
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between BP and cardiovascular risk was found to be
strong, continuous, graded, consistent, independent,
predictive and etiologically significant for those with and
without coronary heart disease (NIH, 2002). An increase
in WC, WHR and BMI are also strong predictors of Type
2 Diabetes Mellitus (T2DM) (Vazquez et al., 2007).
Additional factors that affect BP include smoking. It has
been suggested that long-term cigarette smoking raises
BP by causing an increase in inflammation, endothelial
dysfunction, plaque progression and vascular damage.
An increase in BP and the development of hypertension
in cigarette smokers compared to non-smokers has been
reported in some studies (Halimi et al., 2002;
Bowman et al., 2007). Other studies, however, have
reported that smoking cigarettes reduces the prevalence
of hypertension and lowers BP by 55% in non-smokers,
33% in ex-smokers and 15% in smokers (Gumus et al.,
2013). Also, previous studies have reported that smoking
causes T2DM (Oh et al., 2005; Jee et al., 2010).

This study aimed to find an association between
BMI, BP, nutritional status and lifestyle of female
students attending King Abdul-Aziz University (KAU)
in the Western region of the Kingdom of Saudi Arabia
(KSA). With the increasing burden of non-communicable
disease, studying the lifestyle and wellbeing of young
people could be an indicator of upcoming health and
healthcare requirements of the next generation. In
addition, it promotes leading healthier lives.

Materials and Methods
Subject Selection and Recruitment

This cross-sectional study was conducted at the
Faculty of Science, KAU, Jeddah, KSA (Western
Region). Two hundred and thirty-two female students
aged 18 to 27 years old were recruited over two
academic semesters in 2018. Students were selected
randomly. The exclusion criteria were participants with a
history of diabetes mellitus, hypertension, heart diseases,
kidney diseases, polycystic ovary syndrome, Acquired
Immune Deficiency Syndrome (AIDS), thyroid diseases,
liver diseases, neurological diseases, such as epilepsy,
rheumatoid arthritis, depression, and subjects who were
taking medications including antibiotics, hormonal drugs,
or were on immunotherapy. Pregnant and lactating women
were also excluded. The students signed informed consent
at the beginning of the study. The Research Ethics
Committee, Unit of Biomedical Ethics, KAU, Jeddah,
KSA approved the experimental protocol.

Anthropometric Measurements

Socio-demographic information such as age, phone
number, family history, risk factors for CVD (e.g.
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smoking and dyslipidemia) and other lifestyle data was
collected using a self-administered questionnaire.

Standing height (cm) and weight (kg) were measured
in light clothing, without shoes, using the ACTEST
medical 160200 kg body weight -height scale (China).
BMI was calculated as weight (kg)/height (m?). Normal
weight is defined as a BMI between 18.5-24.99 kg/m?,
underweight as <18.5 kg/m?, overweight as BMI > 25-
<30 kg/m? and obese as BMI >30 kg/m? according to the
International Obesity Classification (www.WHO.com).
Waist to hip ratio was estimated and the subjects were
categorized as normal (<0.80); overweight (0.80-0.84)
and obese (>0.80). Physically active students were
classified according to whether they did 1-2 h of exercise
or if they walked for two hours per day.

BP was measured in the seated position using a
British Hypertension Society validated BP monitor,
with appropriate cuff size and interface (OMRON,
Japan). Large, medium and small cuffs were used
according to the patient’s arm circumference. The
subjects were not using their mobile phones; they did
not cross their legs, or talk during the BP measurement.
After resting for 5 min, the pressure cuff was applied
closely to the upper arm. The cuff was inflated with air
to pressure above the level at which the radial pulse
could no longer be felt. Then the stethoscope was put
over the brachial artery and the mercury column was
allowed to decrease at the rate of 2mmHg/second. The
first perception of the sound was taken as the systolic
pressure and then the mercury was allowed to fall
further until the sound finally disappeared. The level
where sound disappeared was taken as DBP. The cuff
was then deflated to zero pressure. BP was measured
three times with a rest interval for 5 min using the left
arm supported at heart level. Subjects were classified as
having normal BP (SBP 90- <120 mm Hg and DBP 60-
<80 mm Hg), prehypertension (SBP 120-139 mm Hg
and/or DBP 80-89 mm Hg), or hypertension (SBP >
140 mm Hg and DBP > 90 mm Hg) according to the
definitions of the Joint National Committee 7 (JNC7)
(http://worldpopulationreview.com). Blood glucose was
measured twice using (ACCU-CHEK Performa 2015
Roche Diabetes Care GmbH).

Statistical Analysis

Statistical analyses were performed using the
Statistical Package for Social Science package (version
20, SPSS INC., Chicago, lllinois, USA). Descriptive
data were given as mean +/- standard deviation
(minimum-maximum) or number (%) as appropriate.
The chi-square test was used to compare hypotensive
and normotensive participants. The comparison of
variables before and after meals was performed by
using the paired student “t” test. Correlations between
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parametric parameters were made using Pearson's
correlation. A P value of <0.05 was considered
significant.

Results
General Characteristics

This study included 232 female participants between
the ages of 18 and 27 years old. The demographic
characteristics and parameters of the study group are
presented in Table 1. The average BMI was normal,
comprising of 59.90% of participants; 20.70% of were
underweight, 11.50% were overweight and 7.80% were
classified as obese. The waist-hip ratio was mostly
normal (96.60%); only 2.20% were overweight and 1.3%
were obese. Regarding BP, 95.30% had a normal SBP
and 4.7% were hypotensive. Also, 75.90% had a normal
DBP and 24.10% were hypotensive. Furthermore,
47.80% of the participants had a family history of heart
diseases and 86.60% had a family history of diabetes
mellitus. Fasting blood glucose was normal in all
participants. Lifestyle habits of the participants were
recorded. 90.90% never smoked, 6.50% were smokers
and 2.60% formerly smoked. Regarding diet and
exercise, 61.6% performed a type of physical activity as
part of their usual routines and 4.70% were on a diet.

BP Pressure Correlations

Acrterial blood pressure status was cross-tabulated
with BMI, WHR, FBG, physical activity and smoking
(Table 2). Out of the 232 participants, 56 were found to
be hypotensive, with either a low SBP, DBP, or both; and
176 had normal BPs. Participants who were underweight
(25.00%) and those with a normal BMI (64.30%) were
mostly hypotensive. Participants who were overweight
(13.10%) and obese (9.10%) had normal BPs. There was
no statistical significance between the two variables.
Regarding WHR, participants who were within the normal
range were mostly hypotensive (98.20%) and those who
were overweight and obese had normal BPs (2.30% and
1.70% respectively). Most of the participants with
comorbidities such as dyslipidemia were hypotensive
(1.80%) and those who were on a diet had normal BPs
(5.10%). 64.30% of participants who performed regular
physical activity were hypotensive. Furthermore, the
majority of smokers had normal BPs (7.40%). Former
smokers and non-smokers (5.40% and 91.10%
respectively) however, were mostly hypotensive. There
is no statistical significance between the previous
variables. There was a statistical significance (0.026)
between participants with a family history of heart
disease and BP, most of which had normal BPs
(51.70%). however the family history of diabetes
mellitus showed no significance. The majority had
normal BPs (86.90%).
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Table 1: Demographic and characteristics of participants

Characteristics

Value

Age (years)

Weight (Kg)

Height (meter)

BMI (kg/m?)

Category BMI
Underweight (<18.50 kg/m?)
normal (18.5-24.9 kg/m?)
Overweight (25-29.90 kg/m?)
Obesity (> 30 kg/m?)
Waist (cm)

Hip (cm)

WHR ratio

WHR ratio category
Normal (< 0.80)
Overweight (0.80-0.84)
Obesity (= 0.80)
Morbidities and habits
Dyslipidemia

On a diet

Perform physical activity
Smoking

Current

Formed

Never

Family history of diabetes mellitus
Family history of heart diseases

SBP (mmHg)

Category of systolic blood pressure

Hypotension (< 90 mmHg)
Normal (120 - 139 mm Hg)

Diastolic blood pressure (mmHg)

Category of DBP
Hypotension (< 60 mmHg)
Normal (60 - 89 mm Hg)
Pulse pressure (mmHg)
FBG (mg/dI)

20.98+1.48 (18.00-27.00)
53.67+13.41 (31.00-108.00)
1.57+0.06 (1.43-1.77)
21.63+5.09 (13.87-43.77)

48 (20.70%)

139 (59.90%)

27 (11.50%)

18 (7.80%)

25.6624.16 (12.00-48.00)
37.41+4.21 (30.00-53.00)
0.68+0.06 (0.38-0.96)

224 (96.60%)
5 (2.20%)
3 (1.30%)

2 (0.90%)
11 (4.70%)
143 (61.60%)

15 (6.50%)

6 (2.60%)

211 (90.90%)

201 (86.60%)

111 (47.80%)

101.50+7.71 (80.00-124.00)

11 (4.70%)
221 (95.30%)
63.78+6.26 (49.00-83.00)

56 (24.10%)

176 (75.90%)

74.41+9.58 (36.00-108.00)
88.42:8.41 (70.00-122.00)

Data are expressed as mean +/- standard deviation (minimum — maximum) or number (%) as appropriate. BMI: Body Mass Index;
WHR: Waist Hip Ratio; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; FBG: Fasting Blood Glucose

Table 2: Cross tabulation between clinical characteristics and hypotension in Saudi female students

Characteristics

Hypotension (n = 56)

Normal (n = 176)

Significance changes

Category BMI 0.278
Underweight (<18.50 ng/mZ) 14 (25.00%) 34 (19.30%)

normal (18.5-24.9 kg/m*) 36 (64.30%) 103 (58.30%)

Overweight (25-29.90 kg/m?) 4 (7.10%) 23 (13.10%)

Obesity (> 30 kg/m?) 2 (3.60%) 16 (9.10%)

WHR category 0.600
Normal (< 0.80) 55 (98.20%) 168 (96.00%)

Overweight (0.80-0.84) 1 (1.80%) 4 (2.30%)

Obesity (> 0.80) - 3 (1.70%)

Morbidities and habits

Dyslipidemia 1 (1.80%) 1 (0.60%) 0.220
On a diet 2 (3.60%) 9 (5.10%) 0.479
Perform physical activity 36 (64.30%) 107 (60.80%) 0.381
Smoking 0.207
Current 2 (3.60%) 13 (7.40%)

Formed 3 (5.40%) 3 (1.70%)

Never 51 (91.10%) 160 (90.909%6)

Family history of diabetes mellitus 48 (85.70%) 153 (86.90%) 0.485
Family history of heart diseases 20 (35.70%) 91 (51.70%) 0.026

Data are expressed as number (%). Significance between hypotensive and normotensive was made using the Chi-Square test. WHR:
Waist-Hip Ratio; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure
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Table 3: Correlations coefficient between different parameters in in Saudi female students

Parameters SBP DBP Age BMI WHR

DBP 0.742 (0.0001) - - - -

Age -0.054 (0.415) 0.002 (0.978) - - -

BMI 0.201 (0.002) 0.176 (0.007) 0.130 (0.048) - -

WHR 0.107 (0.103) 0.137 (0.037) 0.000 (0.996) 0.438 (0.0001) -

FBG 0.107 (0.105) 0.091 (0.167) 0.066 (0.318) 0.116 (0.078) 0.108 (0.100)

Data are expressed as correlation coefficient (r) and significance (P). Significance between parameters was made using Person
correlations. WHR: Waist-Hip Ratio; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; FBG: Fasting Blood Glucos

Correlation between Demographic Characteristics
and BP

The correlation between BP, BMI, WHR and FBG is
shown in Table 3. SBP was positively correlated with
DBP (r = 0.742, P = 0.0001). Furthermore, BMI was
positively correlated with SBP (r = 0.201, P = 0.002),
DBP (r = 0.176, P = 0.007), age (r = 0.130, P = 0.048)
and WHR (r = 0.438, P = 0.0001). DBP also has a
positive correlation with WHR (r = 0.137, P = 0.037).

Discussion

This cross-sectional study showes the relationship
between different anthropometric parameters in a group
of healthy Saudi female students attending King Abdul-
Aziz University, Jeddah, Saudi Arabia. Factors including
BMI, WHR, nutritional status, physical activity, BP,
dietary habits, smoking and family history of diseases
were assessed. Body mass index is considered to be one
of the best indicators of nutritional status in adults
(Kapoor et al., 2010). In this study, most of the
participants were found to have a hormal BMI (59.90%),
while 20.70% were underweight, 11.50% were
overweight and 7.80% were obese. Meanwhile, in
terms of WHR, most of the participants were normal
96.60%; while 2.20% were overweight and 1.30% were
obese. Straying from the normal ranges of body weight
can cause health problems. The results of this study
showed significant positive correlations between BMI
and SBP, DBP, WHR and age as well as between WHR
and DBP. The positive correlation between BMI and
waist circumference was observed in previous studies
(Ford et al., 2003; Sunitha and Satyanarayana, 2012;
Chen et al., 2019). An increase in WHR is a good
indicator of central obesity. An increase in BMI and
WHR are risk factors of hypertension (Sasi and Devi,
2017). Positive correlations between BMI, WHR and BP
were reported in a cross sectional study to assess
anthropometric measures in medical and dental students
in the University of Jaipur (Pathak et al., 2018).
Significant positive associations between BMI and BP
were also reported in the Indian population (Tandon,
2006; Mungreiphy et al., 2011).

A British study conducted by Han et al showed that
participants with hypertension had higher body fat and
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lower skeletal muscle mass than patients with normal
BPs in both men and women. Thus, these two
parameters should also be considered when looking at
the correlation between different anthropometric
measures and BP (Han et al., 2018).

Obesity is a risk factor for the development of
dyslipidemia, Type 2 diabetes mellitus and insulin
resistance which can lead to cardiovascular diseases and
hypertension due to the alteration of vascular functions
(Kotsis et al., 2010; Bastien et al., 2014; Awasthi et al.,
2017). Obesity has been shown to contribute to the
dysregulation of blood pressure both directly and
indirectly. The former through its effect on adipokines
on the vessels and the latter by affecting other body
systems’ regulation of blood pressure (Balistreri et al.,
2010). An example of this is through vascular
dysfunction and thickening of the wvascular smooth
muscle layer that occurs due to alterations in endothelial
function. This occurs with obesity when there is
increased expression of pro-inflammatory adipokines
such as tumor necrosis factor-a (TNF-a); leading to
changes in the vessel wall, causing different pathologies
(Balistreri et al., 2010).

Atherosclerosis is the major cause of morbidities
and mortalities worldwide (Rafieian-Kopaei et al.,
2014). It is a condition caused by fat deposition in the
inner layer of arteries which causes the formation of
atheromatous plaques. These plaques accumulate with
time, affecting the blood flow in the arteries. There are
several genetic as well as environmental factors that
contribute to the progression of atherosclerosis. A few
of these risk factors include diabetes, dyslipidemia,
smoking and hypertension (Singh et al., 2002).
Atherosclerosis isone of the leading causes of
cardiovascular diseases (Torres et al., 2015). Leading a
healthier lifestyle by avoiding smoking, eating healthier
and exercising regularly can help prevent many of the
risk factors for atherosclerosis and thus preventing its
complications. By  assessing the  different
anthropometric measures mentioned in this study, we
can look at the overall health profile of the students to
see if they have any of the previously mentioned risk
factors. This would be an important step in preventing
cardiovascular diseases.

In this study, 86.60% of the participants had a family
history of DM and 47.80% had positive family history of
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heart diseases. Regarding BP, 56 (24.10%) of
participants were found to be hypotensive and 176
(75.90%) had normal BPs. However, there was no
significant correlation between family history of DM or
fasting blood sugar levels and the studied anthropometric
measurements. In this respect, Bianco et al. (2013) reported
that people who have high BMls, or a positive family
history of DM and myocardial infarctions (Mls) have a
higher risk of developing T2DM or Mis later on in life
compared to those with lower BMI and no family history of
T2DM or a history of Mls. Another study also associated
BMI, WC and WHR with T2DM (Vazquez et al., 2007).
Prevention of diabetes mellitus and cardiovascular
events such MIs needs motivation to modify unhealthy
habits and thus lead a healthier lifestyle. This is crutial
for avoiding such diseases.

In this study 24.14% of the participants were
hypotensive. The cause of hypotension in the females
involved in this study was not clear. As mentioned
previously, lifestyle changes along with dietary
modifications, will reduce the risk of cardiovascular
diseases caused by risk factors such as hypertension and
obesity. BP is affected by several factors such as BMI
and physical activity (Abdalla et al., 2017). This study
showed that 64.30% of the participants who performed
regular physical activities were hypotensive and 60.80%
had normal BPs. Another study also showed that
intermittent bouts of physical activities lead to the
reduction of BP in prehypertensive and hypertensive
patients (Park et al., 2008).

Conclusion

We conclude that Saudi female students between the
ages of 18-27 years have a high prevalence of
hypotension that could be contributed to unhealthy diets
with low nutritional benefits, performing intermittent
physical activity and high family history of heart
diseases (35.70%) among hypotensive students. This
study also showes that BMI is closely associated with
both systolic and DBP. Thus, encouraging healthy
eating, promoting regular physical activity and
monitoring changes in BP should be something that is
focused on in people of this age group.

There were several limitations of this study. Firstly, it
was difficult to enroll volunteers due to the students’
different class schedules. Secondly, the survey did not
contain the total intake (Kcal/d), dietary type and
psychosocial issues such as stress or depression, which
could have affected the participants’ BMI and BP.
Clinical research should attempt to develop more
detailed diagnostic as well as analytical measures to
assess both quantitatively and qualitatively the body
weight disturbance and abnormal eating patterns of
adolescent and young adult population.
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