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Abstract

Objectives: In this study, we assessed the possible asso-

ciation of adiposity, physical fitness, vitamin D levels and

haemodynamic parameters as intermediate risk factors

for cardiovascular health in young Saudi women.

Methods: A total of 87 young healthy Saudi women were

recruited in this cross-sectional study during 2014e2015.

The body weight, height, waist and hip circumference,

and plasma 25-hydroxyvitamin D (25[OH] D) levels were

measured. The exercise stress test was performed to

determine the pulse rate, blood pressure (BP), ECG, and

VO2max. Multiple linear regression models were generated

for the resting (r) and maximum (m) diastolic (D) and

systolic (s) arterial BP and pulse rate (PR), adiposity

markers, VO2max, and plasma levels of 25(OH) D.

Results: A multiple linear regression model was signifi-

cant for the rDBP, mDBP, rSBP, and mSBP with

adjusted R2 (6.5, 10.2, 8.3, and 4.5%, respectively).

Except for VO2max in the mDBP model, none of the

included risk factors were significant according to the

t-test.

Conclusion: This study showed the association of high

adiposity and decreased physical fitness with haemody-

namic parameters in young Saudi women. An exagger-

ated exercise DBP might predict future cardiovascular

risk in unfit young women.
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Introduction

Non-communicable diseases are a major health problem

in KSA and are considered one of the leading causes of
death. According to the 2014 report of World Health Or-
ganization (WHO), they account for 78% of mortality. In

particular, cardiovascular disease accounts for 46% of all
deaths.1 Furthermore, a recent epidemiological study
revealed that 15.2 and 40.6% of Saudis were hypertensive
or borderline hypertensive, respectively.2

Multiple risk factors have been identified, including a
sedentary lifestyle, diminished outdoor activity, and
increased intake of fatty foods as well as the resultant

obesity, reduced physical fitness, and vitamin D deficiency.3

There is evidence of associations between each of the latter
risk factors and cardiovascular morbidity and mortality.

Obesity is a major cardiovascular risk factor that has
dramatically increased worldwide, including inKSA.4Obesity
has been found to be associated with hypertension in young
children5 and adults6; however, the mechanisms explaining

obesity-mediated hypertension or elevated arterial blood
pressure (BP) remain controversial. Several mechanisms have
been suggested. An elevation of sympathetic stimulation in

obese and overweight patients has been demonstrated through
experimental and clinical evidence.7 Other mechanisms might
include impaired renal natriuresis and diuresis, leading to

water retention and the expansion of venous return and
cardiac output, and metabolic and hormonal mechanisms,
which include an impaired renin-angiotensin system (RAS),

fat deposition, insulinism, and leptinemia.8

Reduced physical activity and cardiopulmonary fitness
are also associated with a higher risk of cardiovascular
morbidity and mortality.9 The risk of physical inactivity for

the population in KSA is estimated to be 45% compared to
35% in the United States and 38% in the United Kingdom.10

Additionally, 75% of Saudi women were reported to be

insufficiently active by WHO by the year 2010.11 Diminished
physical fitness might lead to higher vascular resistance,
reduction in endothelial vasodilators, and increased

sympathetic dominance, which ultimately increase the
cardiovascular risk.12 Moreover, comparing exercise capacity
to physical activity as predictors to the cardiovascular

mortality revealed superior prediction based on the exercise
capacity in both males and females.13

Vitamin D deficiency is a common health problem and a
cardiometabolic risk factor. However, experimental and

clinical studies have shown conflicting data regarding the
involvement of vitamin D deficiency in the pathophysiology
of hypertension and heart failure.14 Vitamin D deficiency is

considered endemic in KSA, with an incidence exceeding
90% in some regions.15

Studying the combined effects of multiple risk factors that

threaten public health by resulting in a high incidence of non-
communicable disease might increase our understanding of
the net risk more than studying individual risk factors.16

Some studies have already estimated the combined effect of

increased body weight (BW) and reduced physical activity
on the cardiovascular health of different populations. One
such study on Finnish male and female participants found

that the combination of physical inactivity and obesity was
associated with higher cardiovascular mortality.17
Although female gender has been identified in epidemio-
logical studies as a protective factor against cardiovascular

complications,18 prospective studies have failed to confirm
this protection and have yielded conflicting data,
particularly in relation to the impact of risk factors, such

as obesity and physical inactivity, on female cardiovascular
health. This conflict might be from studies that assessed
females in a wide age range and included pre- and post-

menopausal women.17

In this study, we explored the independent and cumulative
influences of three health risk factors, BW and adiposity,
physical fitness, and plasma vitamin D level, on haemody-

namic parameters using the resting (r) and maximum (m)
arterial BP, pulse rate (PR) at rest and maximum exercise as
indicators of cardiovascular health. The target population

was young females in KSA. This target group was prone to
obesity, physical inactivity, and vitamin D deficiency that
might be missed in large surveys.

Materials and Methods

Eighty-seven Saudi female college students were volun-
tarily recruited from a female-only campus. The sample size
was calculated using G-power software depending on the

mean value of the VO2max of Saudi females obtained from a
previous study (VO2max ¼ 33.6 mL/kg min),19 effect
size ¼ 0.25 and power ¼ 0.85. Volunteers were accepted

irrespective of their body mass index (BMI) or degree of
physical activity. All subjects were apparently healthy and
lacked contraindications for the exercise stress test, such as

cardiovascular, respiratory, haematological, or
musculoskeletal disorders. Subjects were excluded if were
pregnant or had lactated within the last two years. None of

the participants had received vitamin D supplements in the
previous six weeks. The recruitment process and all study
procedures were performed between October 2014 and April
2015 in a physiology laboratory. All study procedures were

explained to the subjects (exercise test and blood extraction),
and the participants signed written informed consents.

This cross-sectional study was approved by the Institu-

tional Review Board (IRB certificate number 2015-01-065).
Ethical approval was obtained and followed the principles of
the Helsinki Declaration.

Anthropometric data

The BW was determined for each subject using a portable
platform scale with an accuracy within 0.1 kg. The height
(stature S) was assessed without shoes using a centimetre

stadiometer with an accuracy to the nearest 0.25 cm. The
BMI was calculated using the formula weight (kg)/height
(m)2 and classified according to the WHO classification

(underweight<18.5, normal 18.5e24.9, overweight 25e29.9,
and obese �30). The determinants of central obesity were
also assessed, including the waist circumference (WC) (at the
umbilicus using unstretchable measuring tape while the

subject wore light clothes), hip circumference (HC) (the
largest diameter of the hip), and waist/hip (W/H) and waist/
stature (W/S) ratios. These measurements were performed

before the subject engaged in cardiopulmonary exercise
testing.



Table 1: Age, anthropometric, haemodynamic data, VO2max,

and plasma 25(OH) D levels for all participants (n [ 87).

Characteristics Mean � SD

Age (years) 20.8 � 2.4

Weight (kg) 58.1 � 14.8

Height (cm) 158.3 � 6.3

BMI (kg/m2) 23.0 � 4.8

WC (cm) 72.2 � 10.8

HC (cm) 97.5 � 11.5

W/H 0.7 � 0.1

W/S 0.4 � 0.1

rPR (beats/min) 101.0 � 14.0

rDBP (mmHg) 78.0 � 7.5

rSBP (mmHg) 118.0 � 16.0

mPR (beats/min) 163.0 � 22.0

mDBP (mmHg) 76.0 � 9.0

mSBP (mmHg) 148.0 � 35.0

VO2max (ml/Kg min) 33.7 � 11.0

25 (OH) D (ng/ml) 15.2 � 7.2

BMI ¼ body mass index, WC ¼ waist circumference, HC ¼ hip

circumference, W/H ¼ waist/hip, W/S ¼ waist/stature (height),

r¼ resting, m¼maximum, PR¼ pulse rate, DBP¼ diastolic BP,

and SBP ¼ systolic BP.
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Exercise test

The test procedure was clearly introduced to each subject

before starting the test. The subjects were also encouraged to
expend their maximal effort. However, the participants had
the right to stop the test at any time. The baseline and ex-
ercise PR and BP (systolic and diastolic) were determined

using an automated monitor (Welch Allyn vital signs
monitor, United States). The baseline and continuous elec-
trocardiogram (ECG) were recorded during the exercise and

carefully observed by an expert.
Each subject performed The Bruce Protocol on a tread-

mill.20 In this protocol, the subject starts at 1.7 mph and a

10% grade. Both the speed and inclination are increased
every 3 min until exhaustion. All participants were
encouraged to continue exercise until exhaustion, and their

heart rates were continually observed and compared to the
maximal heart rates predicted by age using the formula21:

Predicted maximum heart rate ¼ 208� 0:7� age

Achieving 85% and above of the predicted maximum

heart rate was used as an indicator of maximum exercise. The
VO2max was calculated by the Pollock formula for active and
sedentary women using the total run time22:

VO2max ¼ 4:38� T� 3:9

VO2max was classified according to the physical fitness
specialist certificationmanual23 into very poor (VO2max< 23.6

mL/(Kg min); poor (VO2max ¼ 23.6e28.9 mL/(Kg min); fair
(VO2max ¼ 29.0e32.9 mL/(Kg min); good (VO2max ¼ 33.0e
36.9 mL/(Kg min); excellent (VO2max ¼ 37.0e41.0 mL/(Kg

min); superior (VO2max > 41.0 mL/(Kg min).

Determining vitamin D levels

Blood samples were collected by a nurse through veni-
puncture between 12:00 and 13:00 for all subjects. Blood

was collected in ethylenediaminetetraacetic acid (EDTA)
vacutainers and centrifuged, and the plasma was kept
at �80� C for a maximum of one week before analysis.
Plasma 25(OH) D is the metabolite clinically used to assess

the vitamin D levels,24 and it was measured using the
ClinRep high performance liquid chromatography
(HPLC) complete kit (Recipe, Germany).25 Linearity was

defined as 2.6e500 mg/l, the detection limit was 1.0 mg/l,
and the quantitation limit was 2.6 mg/l. The inter-
and intra-assay coefficients of variation were 3.1e4.7 and

2.3e4.9, respectively. The Vitamin D levels were classified
according to the Endocrine Society clinical practice guide-
lines for vitamin D deficiency.26 The guidelines include the

following five categories: normal and sufficient levels
(�30 ng/ml), normal and insufficient levels (�20
and < 30 ng/ml), mild deficiency (�10 and < 20 ng/ml),
moderate deficiency (�5 and < 10 ng/ml), and severe

deficiency (<5 ng/ml).

Statistical analysis

Data were analysed using IBM e Statistical analysis
software package e SPSS version 20 and expressed as the

mean � standard deviation (SD). The Pearson correlation
was used to test the relationship of multiple risk factors,
including the BW, BMI, WC, HC, W/H, W/S, 25(OH) D,

and VO2max. The haemodynamic parameters included the
resting and maximum diastolic and systolic BP and PR
(rDBP, mDBP, rSBP, mSBP, rPR, and mPR). Risk factors

with a significant correlation with certain haemodynamic
parameters were entered into multiple linear regression
models to test the interaction effect among these factors on

the selected haemodynamic parameter. Multiple linear
regression models were used to predict the correlation be-
tween multiple risk factors and haemodynamic parameters.

Results

Eighty-seven Saudi females successfully participated in

the study and completed all tests and procedures. Their age
range was 18e32 years. The mean age, anthropometric data,
haemodynamic parameters, VO2max, and plasma 25(OH) D

of all participants are presented in Table 1. According to the
WHO BMI classification, 11 (12.5%) were underweight, 53
(60.2%) were normal, 17 (19.3%) were overweight, and 7

(8.0%) were obese. Their level of physical fitness was based
on the value of VO2max; 16 (34.0%) were poor and very
poor, 10 (21.0%) were fair and good, and 22 (46.0%) were
excellent and superior according to the Physical Fitness

Specialized Certification Manual.23 The assessment of the
25(OH) D levels revealed that 7 subjects (8.0%) had
normal and sufficient levels, 8 (9.0%) had normal and

insufficient levels, 52 (59.0%) had mild deficiency, 18
(20.0%) have moderate deficiency, and 2 (2.0%) had severe
deficiency.

Pearson correlations

The result of Pearson correlations between the haemo-

dynamic parameters and the risk factors, BW, BMI, WC,



Table 3: Results of multiple linear regression for the resting and

maximum diastolic BP using the BW, BMI, WC, W/S, and

VO2max as predictors (n [ 87).

rDBP R2 mDBP R2

B SE B B SE B

BW 0.065 0.058 0.065 0.085 0.266 0.102

BMI e e 0.077 0.884

WC e e �0.137 0.285

W/S e e 20.182 53.301

VO2max �0.147 0.122 �0.251* 0.094

constant 78.9 5.2 78.7 8.5

P-value 0.021* 0.016*

* P < 0.05.

r ¼ resting, m ¼ maximum, DBP ¼ diastolic BP, BW ¼ body

weight, BMI¼ body mass index, WC¼ waist circumference, and

W/S ¼ waist/stature ratio.
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HC, W/H, W/S, VO2max, and 25(OH) D, had a significant
correlation between the rSBP and the BW, BMI, and W/S.

The mSBP had a significant correlation with the WC and W/
S. The rDBP revealed significant correlation with the BW
and VO2max. The mDBP had a significant correlation with

the BW, BMI, WC, W/S, and VO2max. Finally, the rPR and
mPR had a significant correlation with the VO2max (Table 2).

Multiple linear regression

The results of the multiple linear regression models are

shown in Tables 3 and 4. Multiple linear regression models
were run using the rDBP, mDBP, rSBP, and mSBP as
dependent variables. The risk factors included in each

model were those that were significantly correlated with the
dependent variable, as demonstrated by the Pearson
correlation. Model 1 was for the rDBP and the

independent variables BW and VO2max. The F-test for
model 1 was significant with p-value ¼ 0.021 and adjusted
R2 value ¼ 6.5%. However, the t-tests for both the BW
and VO2max were insignificant (Table 2). Model 2 was for

the mDBP and the BW, BMI, WC, W/S, and VO2max

independent variables. The F-test of model 2 was
significant with p-value ¼ 0.034 and adjusted R2 ¼ 10.2%.

The VO2max was the only variable with significant
predictive value for the dependent variable mDBP in the
presence of other variables. Model 3 was for the rSBP and

the independent variables BW, BMI, and W/S. Model 3
was significant with p-value ¼ 0.016 and adjusted
R2 ¼ 8.3%. According to the results of the t-tests, none of

the independent variables had significant predictive value
when combined. Model 4 was for the mSBP and the
independent variables WC and W/S. The F-test of this
model was insignificant with p-value ¼ 0.052.

Discussion

This study analysed the combined effects of multiple risk
factorsdadiposity, physical fitness, and vitamin D lev-

elsdon cardiovascular health in young Saudi females. The
dependent variables were the resting and maximum exercise
systolic and diastolic BP and PR. The risk factors with a

significant Pearson correlation with one of the
Table 2: The Pearson correlation of multiple risk factors and haemo

rDBP mDBP rSBP

Weight R ¼ 0.221*

P ¼ 0.038

R ¼ 0.282**

P ¼ 0.008

R ¼ 0.3

P ¼ 0.0

BMI NS R ¼ 0.273*

P ¼ 0.01

R ¼ 0.2

P ¼ 0.0

WC NS R ¼ 0.226*

P ¼ 0.035

NS

W/S NS R ¼ 0.215*

P ¼ 0.044

R ¼ 0.2

P ¼ 0.0

25(OH) D NS NS NS

VO2max R ¼ �0.271*

P ¼ 0.011

R ¼ �0.360**

P ¼ 0.001

NS

* P < 0.05; ** P < 0.01.

r¼ resting, m ¼maximum, DBP¼ diastolic BP, SBP¼ systolic BP, PR

and W/S ¼ waist/stature ratio.
cardiovascular variables were combined in multiple linear
regression models to test their cumulative effects.

The most prominent effect was shown through the mul-
tiple linear regression model of maximum diastolic BP. All
adiposity indicators were included in this modeldBW, BMI,
WC, W/S, and the physical fitness indicator, VO2max. Ac-

cording to the model, the included risk factors explained
10.2% of the change in maximum exercise diastolic BP with a
level of significance at p ¼ 0.016. Of note, however, is that

none of the individual adiposity indices was a significant
predictor of the maximum diastolic BP. On the other hand,
the VO2max significantly predicted the maximum diastolic

BP, even when combined with other risk factors. Therefore,
it seems that no specific indicator of adiposity is superior to
the others. In other words, any of the measures of adiposity

may be used to predict the maximum diastolic BP.27

On the other hand, the current result of a significant
prediction of the maximum diastolic blood pressure by
VO2max in an inverse manner demonstrates the importance

of physical fitness as an indicator of cardiovascular health.
Furthermore, this relationship reflects the significance of
utilizing exercise test parameters to predict future cardio-

vascular risk. The use of the exercise BP values as predictors
of future cardiovascular risk has also been performed in
dynamic parameters.

mSBP rPR mPR

27**

02

NS NS NS

93**

06

NS NS NS

R ¼ 0.257*

P ¼ 0.015

NS NS

10*

49

R ¼ 0.248*

P ¼ 0.020

NS NS

NS NS NS

NS R ¼ �0.304

P ¼ 0.005

R ¼ �0.400

P ¼ 0.00

¼ pulse rate, BMI¼ body mass index, WC¼ waist circumference,



Table 4: Results of multiple linear regression for the resting and

maximum systolic BP using the BW, BMI, WC, and W/S as

predictors (n [ 87).

r-SBP R2 m-SBP R2

B SE B B SE B

BW 0.354 0.255 0.083 e e 0.045

BMI �0.106 0.956 e e

WC e e 0.615 0.853

W/S �23.330 37.884 38.833 149.249

Constant 111.8 8.967 86.0 26.4

P-value 0.016* 0.052

* P < 0.05.

r ¼ resting, m ¼ maximum, SBP ¼ systolic BP, BW ¼ body

weight, BMI¼ body mass index, WC¼ waist circumference, and

W/S ¼ waist/stature ratio.
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other studies. For example, Buar et al. found that fire-
workers with low physical fitness developed exaggerated

arterial BP in response to the exercise stress test.28 Unfit
children undergoing the handgrip exercise also showed
higher arterial BP values than their fit counterparts.29 Most
previous studies have focused on the exaggerated SBP

response to exercise.30 However, recent evidence has also
indicated an association between increased exercise DBP
and the future development of hypertension and other

cardiovascular disease.31 Furthermore, Sing et al. referred
to the specific association of exaggerated exercise DBP
rather than the SBP as a risk factor for hypertension in

females.32

The diastolic BP in normal healthy subjects commonly
shows trivial increases during exercise due to skeletal pe-
ripheral vasodilatation. Therefore, any marked increase in

the exercise DBP might reflect an abnormally increased pe-
ripheral vascular resistance and the impaired exercise ca-
pacity of vasodilation due either to hyperreactivity of the

sympathetic system or to an impaired endothelial vasodilator
system33. Therefore, this study’s demonstration of the
association between young Saudi females’ reduced physical

fitness with the maximum exercise DBP might be used as a
screening tool for determining the future prognosis of
hypertension and cardiovascular disease, particularly in

female subjects with reduced physical fitness as they are the
most vulnerable.

The rDBP model was also significant for two risk factors,
the BW and VO2max. However, these risk factors only pre-

dicted 6.5% of the expected change in the rDBP. Some
earlier studies ameliorated the significance of isolated,
elevated DBP in young individuals in the prediction of future

risk and considered it as a benign condition.34 However, a
more recent study demonstrated that 82.5% of participants
with baseline isolated diastolic hypertension developed

systolic/diastolic hypertension within 10 years.35

The multiple linear regression of SBP models was signif-
icant, albeit with less predictive ability, at 8.3% and 4.5% for

the rSBP and mSBP, respectively. The only risk factors
included were indicators of adiposity, including the BW,
BMI, WC, and W/S for the rSBP and WC and W/S for the
mSBP. In all models, none of the adiposity markers had in-

dividual significance with the targeted haemodynamic
parameters when adjusted with the other adiposity markers.
This suggests that any measure of increased adiposity can

predict a higher arterial BP in the target group.
The association of BW with a high resting arterial BP was

previously reported in other populations. An Australian

study on the cardiovascular risk of youth aged 15e24
revealed a significant positive association of being over-
weight and obese with hypertension, which is defined as SBP

>140 mmHg and/or DBP >90 mmHg.36 Similarly, a large
Framingham study of 21,732 individuals (52% women with
a mean age of 38 years) revealed an association of all BP
measuresdsystolic, diastolic, mean, and pulse BPdwith

the BW.37 Similarly, a previous national survey in KSA
demonstrated a positive association between obesity and
high BP in a large group of male and female participants

aged 15 years and above.2 These previous studies
emphasized the association of obesity and hypertension in
males and elderly patients. However, our study

demonstrated that this relationship is also strong in young
females. No previous studies have demonstrated the
influence of the combined effects by objectively measuring
the physical fitness and vitamin D levels and their

association with obesity and hypertension as in this study.
This study failed to demonstrate any specific, significant

correlation between the vitamin D levels and tested haemo-

dynamic parameters. Some experimental and clinical evi-
dence in the literature has indicated the involvement of
vitamin D deficiency in cardiovascular morbidity and mor-

tality.38,39 Low plasma 25(OH) D levels in some studies have
also been found to be associated with an elevated diastolic
BP40 and increased prevalence of hypertension.41 However,

large longitudinal studies might be required to explore the
influence of vitamin D deficiency on the cardiovascular
health status of females in this population.

Conclusion

This study demonstrated evidence for cardiovascular risk
in young Saudi females. The association of increased BW
and reduced physical fitness with some intermediate in-

dicators of cardiovascular morbidity, such as the resting and
exercise DBP and SBP, suggest a need to address lifestyle
factors. We need to promote healthy lifestyles in KSA and to
encourage the achievement of ideal BW and physical fitness.

Furthermore, the obtained data might address the valuable
utilization of exercise test parameters in predicting the future
risk of hypertension or other cardiovascular diseases, espe-

cially in young apparently healthy individuals. Finally, the
25(OH) D data in this study do not exclude the possible risk
of vitamin D hypovitaminosis; however, larger studies are

needed to evaluate such a risk.

Strengths and limitations

This study was limited by its relatively small sample size
and convenient recruitment of subjects. However, it repre-

sents a narrow age group in the female sample, which reduces
the confounding effect of age. Another strength of this study
is its assessment of the influence of the risk factors of
adiposity, reduced physical fitness, and vitamin D deficiency

on the cardiovascular findings of the exercise stress test. An
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additional strength is the objective assessment of cardiopul-
monary fitness with the exercise stress test.
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