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Abstract 




This work is an attempt to find correlations among vitamin D status (deficiency/insufficiency), body mass index, age, blood pressure, sex, and
physical activities in the male and female Saudi population. A total of 55 adult patients aged 25-70 years (37 women and 18 men) were recruited from
an outpatient clinic of King Khalid and King Abdul- Aziz Hospitals, Riyadh, Saudi Arabia. They were asked to answer a survey to indicate their exposure
to sun, physical activities and nutritional status related to vitamin D. Their BMI and diastolic and systolic blood pressure were measured. They were
divided into two age groups (<40 years old and >40 years old). The obtained data demonstrate that while a non-significant correlation was observed
between vitamin D deficiency and BMI in young participants, a significant correlation was recorded in the older group. Males deficient in vitamin D were
more susceptible to having high blood pressure than females. A relationship between vitamin D status and physical activities in the two studied age
groups was also observed. The inverse relationship between vitamin D levels and hypertension in older males can help to suggest supplementation with
vitamin D and encouragement for participation in physical activities as a preventive strategy in the Saudi population with a common and repeatedly
reported impaired vitamin D status(deficiency/insufficiency).
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Introduction



Cardiovascular disease causes nearly 17 million  deaths, almost one-third of all deaths worldwide [1]. Among these deaths, complications from high blood pressure account for 9.4 million deaths per year [2]. High blood pressure accounts for 45% of heart disease deaths and 51% of stroke deaths [1]. High blood pressure has also been associated with an increased risk of chronic kidney disease [3,4].


Hypertension is a global public health problem. Roughly one billion people worldwide are estimated to have clinically significant elevations in blood pressure, with approximately 50 million of them living in the United States [5]. In clinical trials, antihypertensive therapy can result in reductions in the incidence of stroke, myocardial infarction, and heart failure [6]. In a meta-analysis study, a 10mmHg reduction in systolic BP (SBP) reduced the risk of major cardiovascular disease by 20%, coronary heart disease by 17%, stroke by 27%, and heart failure by 28%, which led to a significant 13% reduction in all-cause mortality in the populations studied [7].




According to WHO records, the number of people with hypertension increased from 600 million in 1980 to 1 billion in 2008 [8]. Addressing high blood pressure worldwide is crucial. Approximately 30% of residents are affected in America and England and 19% in Canada [9].  In  Asia,  high  blood  pressure has been reported as a risk factor in the region [10-12]. In Saudi Arabia, the prevalence of hypertension was 26.1% in crude terms. For males, the prevalence of hypertension was 28.6%, while for females, the prevalence was significantly lower at 23.9% (p<0.001) The urban population showed  a  significantly  higher  prevalence of hypertension at 27.9%, compared to the rural population's prevalence of 22.4% [13].


In Saudi Arabia, a blood pressure survey was conducted in 1998 and recorded a blood pressure prevalence of  only  16% [14]. In another survey in 2007, the rate was 26%, which was an increase in blood pressure in the Kingdom [13]. The percentage of hypertension in the Kingdom has been reported as 10% in Medina [15], 15% in the northern region [16], 2.4% in Azir [17], 11% in the southwest and 8.7-9.1% in other regions [18]. In the Eastern Region, 32.7% of those with hypertension were men, and 13.5% were women [19,20]. Values were 22.6% in Jeddah [21], 30% in Qasim [22], and 24.8% in Arar [23]. Jeddah, Arar, Sharqiya and Qasim are among the areas with the highest prevalence of high blood pressure [15,19,22,23]. Many studies have confirmed that high blood pressure is more common among males than females, regardless of age [12-24]. In Saudi Arabia, more men are affected than women, as recorded by multiple studies in Qasim, Jeddah, Arar and the Eastern Region [19,20,22,23].


Obesity and overweight are among the most health-threatening diseases. In 2010, obesity caused 3 million deaths, and a statistical study from 1980 to 2013 showed an increase in BMI for adults, from 28% to 36.9% for men, 29.8% to 38% for women, 23.8% for boys, and 22.6% for girls [25]. Obesity was associated with many chronic diseases such as cardiovascular disease, especially in people with abdominal obesity [26-28]. This type of abdominal obesity is a major risk factor for high blood pressure [29,30]. Several studies have confirmed that high blood pressure increases with an increase in BMI [12,31-34]. In Saudi Arabia, some studies have recorded the same fact [20-22,35-37]. This was attributed to impairments in the aldosterone and the rennin-angiotensin system, which cause an elevation of sodium so that extracellular fluid leads to elevated blood pressure in the obese [38-40].


Many studies recommended lifestyle adjustments such as diet modification and increased physical activity to reduce blood pressure. It is well-accepted that weight loss of 5% reduced pressure by 7mmHg [41]. Additionally, exercise on a regular basis such as walking, swimming, and jogging for 30-45 minutes a day reduces blood pressure [42-44]. Vitamin D3 is produced in the skin by the conversion of 7-dehydrocholesterol after exposure to ultraviolet sunlight. In normal circumstances, the skin can supply the body 80% to 90% of its vitamin D requirements [45-47]. The remainder is obtained from the store of food or supplements [47,48]. The lack of vitamin D and its inadequacy have become a global health problem among children and adults over the  past  decade  [49-52]. Epidemiological studies have shown that individuals with severe vitamin D deficiency have a significantly higher risk of death due to dangerous diseases such as cardiovascular diseases, cancer, diabetes, dysfunction, infertility and miscarriage [53], but the intake of supplements at a dose of 2000-3000 IU reduced the mortality rate approximately 6% [54-57]. Moreover, cancer rates could be reduced by approximately 25% [58]. In addition, vitamin D is essential for the health and safety of bone growth, the prevention of fragility and to maintain the natural balance between calcium and phosphorus [59-62].


Saudi Arabia has a common shortage of vitamin D among all age and sex groups  [23,63-65],  vitamin  D  deficiency,  recorded as a percentage increase, reached 87% for Saudi men and 80% for women [63,66-68], and it is also common in children and teenagers/adolescents [37,69,70]. Moreover, among the Saudi population, vitamin D deficiency increased with age and is related to high BMI [63,66,68,71]. ALOthman et al. [71] and Elshafie et al. [72] reported that vitamin D increased with exercise in Saudi men through an increase in bone mass and calcium absorption and through increased fat metabolism, thus increasing the release of vitamin D stored in adipose tissues. Vitamin D deficiency and high blood pressure rank high among the world's most chronic diseases, and there is strong evidence that vitamin D plays an important role in hypertension [73-77]. The same result has been found in Saudi Arabia [78-79].


A study done in 2013 considered many reviews that included individuals with hypertension. They found that for every 10mg/ ml  increment  in  vitamin  D  levels,  the  danger  of  developing hypertension was lowered by 12%. The general population with highest vitamin D levels had a 30% lower chance of developing hypertension compared with those in the general population with the lowest levels of vitamin D. In any case, many of the reviews were done in the United States, implying that we cannot know without a doubt that outcomes would be the same in different countries [80].


This information informs our interest in finding the relationship between vitamin D status and blood pressure, BMI, physical activity, and nutritional status, in men and women younger or older than 40 years old in Saudi Arabia.


Material and Methods


Participants


A total of 55 adult patients (37 women and 18 men) were recruited from an outpatient clinic of King Khalid and King Abdul- Aziz Hospitals, Riyadh, Saudi Arabia. All participants were aged between 25-70 years old.


Survey design


A clear and consistent survey was designed by the researchers as a method  of collecting study  data. After completing the survey, testing and modifications were completed,  according  to the requirements for achieving the objectives of the study. The researcher filled out the survey while interviewing patients and the survey included the following points.


Extensive exercise  during the week: According  to the answered questionnaire, 20/55 participants used to play sports for 30min daily, while 35/55 had not.


Demographic information: The age and sex of all participants were recorded.


Physical measurements: Immediately after completing the survey, the physical measurements were taken as follows.


Body mass index (BMI): Body mass index (BMI) was calculated from the following equation BMI=weight in kilograms/the square of the height in meters (kg÷m2), to determine the degree of obesity, where less than or equal to 18.5 is thin, between 18.5 and 24.9 is normal, between 25 to 29.9 is overweight, and greater than or equal to 30 is obese [81].


Weight: Weight was measured using an electronic balance and was recorded in kg to the nearest 0.1kg.




Height: Height was measure during a ruler connected to the electronic scale used for weight and was recorded as cm to the nearest 0.1cm.


Biochemical measurements


Blood pressure: The diastolic and systolic blood pressure was measured after a 10-minute rest using a mercury blood pressure device (B.P., Monitor Mercurial, Riester, Germany). Blood pressure  was  categorized  into  normal  and  high,  with normal considered to be less than or equal to 130 systolic and 85 diastolic and high set at 130 systolic and 85 diastolic or above, according to the method from [82].


Blood sampling: After an overnight fast, 10ml blood samples were collected and left to coagulate. The serum was separated and kept at -80% until analysis. The level of 25-hydroxy vitamin D in serum was measured by Maglumi 1000 and Roche [82], Levels of 25-hydroxy vitamin D are normal if the range is between 75 and 250nmol/L; values less than 25nmol/L are considered deficiency, and values above the 25-75nmol/L range are considered insufficient.


Results and Discussion


Data from the current study are presented in the following Table 1 and Figure 1 show the average age and vitamin D intake in the studied participants. Spearman correlations between vitamin D status and BMI, age, blood pressure, sex, and physical activities were performed. Moreover, the relationship between physical activities and blood pressure was presented. Logistic regression using vitamin D as a dependent variable is also presented. It is well-accepted that overweight or obese individuals of both sexes demonstrate high risk of hypertension as a component of metabolic syndrome (MetS), especially in the case of vitamin D deficiency [82-84].



Table 1:  Average age and vitamin D in the three cases
(normal/ insufficient/ deficiency). 
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Figure 1:





Table 2:  Spearman correlations between vitamin D status and age of the participants presented as either>OR <40 years
old. 
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*Correlation is significant at the 0.05 level.

aPositive Correlation/ b Negative Correlation.
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Figure 2: Correlation between Vit. D (Nanomol/L) and BMI (Number) with best fit line curve (Negative correlation) in Age group
(More than 40 year).





Table 3:  Crosstabs demonstrates the relationship between vitamin D status and blood pressure in the two studied age
groups.
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The obtained data presented in Table 2 and Figure 2 demonstrate the significant negative correlation of vitamin D deficiency and BMI in participants aged more than 40 years but not in younger subjects. This finding is supported by the recent work of [85], which reported an inverse relationship between vitamin D level and higher prevalence of BMI as one of the metabolic syndrome phenotypes. They reported that women with vitamin D deficiency had higher risks for MetS, hypertriglyceridemia and low HDL, all risk factors of hypertension, than those with adequate levels. Table 3 describes Chi-Square Test to compare between the expected and the observed numbers in Vit. D (Describe) groups with Blood pressure groups for each Age group.


 Hypertension	usually	developed	when	the	balance between  vasodilation  and  vasoconstriction  is  shifted  towards vasoconstriction. This balance is also controlled by epigenetic factors, among which are vitamin D deficiencies [86]. When there is an unstable balance, vitamin D deficiency triggers a shift toward vasoconstriction.  Table 3and Figure 3(A&B) shows the association between vitamin D deficiency and hypertension. While only 30% of vitamin D-deficient participants aged <40 years were hypertensive, more than 60% (63.60) of participants aged >40 years were, demonstrating that hypertension correlated with vitamin D deficiency. Our data are supported by previous studies that hypothesized an inverse relationship between vitamin D serum level and blood pressure [87,88]. This is in good agreement with the many previous studies reporting that vitamin D supplementation for 6 weeks to 1 year raised 25(OH)D levels and had a minimal effect on blood pressure in non motensive cohorts that included almost 30% of hypertensive subjects aged <40 [86,89,90]. Table 4 describes Chi-Square Test to compare  between  the  expected and the observed numbers in Vit. D (Describe) groups with Blood pressure groups for each Sex group.
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Figure 3 (A&B): Percentage distribution of normal and high blood pressure participants in relation to Vit. D status in all
participants within the two studied groups with (<40 Up, and >40 down)..





Table 4: Crosstabs (sex groups).

[image: ]

[image: ]





[image: ]

Figure 4A: Distribution of Vit. D (Describe) groups with Blood pressure groups in Sex group (Male).
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Figure 4B: Distribution of Vit. D (Describe) groups with Blood pressure groups in Sex group (Male).




Moreover, our data demonstrate the remarkable effect of vitamin
D deficiency on blood pressure in males compared with females
Table 4 and Figure 4(A&B). This finding gain support from the key
observation that reported the sex-specific differences in proteins
associated with lipid, testosterone metabolism, coagulation, and
vitamin D signaling. Compared to females, males have remarkably
higher levels of these proteins, which might render them more
susceptible to demonstrating vitamin D deficiency-related
complications, among which is high blood pressure [91]. It is welldocumented
that vitamin D insufficiency/deficiency is a major
public health problem observed in all age groups. In relation to
physical activity, vitamin D deficiency is associated with a decrease
in neuromuscular function including muscular strength, walking
speed, and aerobic capacity [92]. Table 5 describes Chi-Square Test
to compare between the expected and the observed numbers in Vit.
D (Describe) groups with Play port about 30 minutes groups for
each Age group


Table 5 and Figure 5(A&B) demonstrate the relationship
between vitamin D status and physical activities in the two studied
age groups. It can easily be noticed that vitamin D deficiency was
accompanied by a remarkable but non-significant relationship
with the absence of physical activity in 81.80% of the older aged
group (>40 years) compared to only 60.00% in the younger group
(<40 years). Within each group, it can be suggested that physical
performance is of more critical importance to older people than to
the young. This finding is supported in the previous work of [93],
which shows that vitamin D deficient and insufficient individuals
had poorer physical performance compared to those with a normal
vitamin D status. The inability of older participants to perform
any daily exercise can be attributed to multiple mechanisms
related to vitamin D deficiency. First, vitamin D affects several
aspects of vascular integrity, including arterial stiffness and heart
muscle function, which are important components of aerobic and
anaerobic exercise and recommended as daily physical activities, 
especially for those older than 40 years of age [94]. Second, the
effect of vitamin D on major brain functions such as gabaergic tone,
serotonin and dopamine levels is collectively needed for efficient
muscle coordination and avoidance of central fatigue [95]. A
high ratio of serotonin to dopamine affects exercise performance
because of its effect on the general feeling of tiredness and the
perceptions of effort [96,97]. Table 6 describes Chi-Square Test to
compare between the expected and the observed numbers in Blood
pressure groups with Play port about 30 minutes groups for each
sex group with Odd Ratio and (95%CI).
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Figure 5 (A&B): Percentage distribution of performance of physical activities in all participants in relation to Vit. D status within
the two studied groups with (<40 Up, and >40 down).






Table 5: Crosstabs demonstrates the relationship between vitamin D status and performance of physical activities in
the two studied age groups.
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Table 6 demonstrates the relationship between exercise and blood pressure improvement in males and females. It can easily be observed that males were more responsive to exercise in terms of improvements in hypertension compared with those who were not playing sports for half an hour daily. This can find support in the recent work of [81], who concluded that overall physical activity is effective in modulating blood pressure Figure 6.
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Figure 6:  Distribution of blood pressure groups with Play port about 30 minutes groups in both sex groups (male and female)





Table 6: Crosstabs (sex groups)
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Table 7: Logistic regression using vitamin D status as dependent variable
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Table 7 describes Logistic Regression Test for Vit. D (Describe)
as  dependent  variable  with  groups  (Deficiency  (1)  and  Normal
-Insufficient (0), with (BMI (Number), Age, Sex, Systolic pressure, Diastolic pressure, Blood pressure and Play port about 30 minutes) as independent variables using Stepwise method for each Age group. In logistic regression, the odds ratios obtained usually describe the associations of biomarkers with specific clinical events. Table 7 demonstrates the logistic regression of the obtained data using vitamin D status as the clinical event, i.e., as a dependent variable. It can be easily observed that sex greatly contributes in the susceptibility to develop hypertension in older participants (>40 years) in the case of vitamin D deficiency (odds ratio of 40.500). In relation to Table 3, it can easily be observed that males are more affected than females by vitamin D deficiency. While the reported correlation between vitamin D deficiency and age was in good agreement with multiple previous studies [87,88], the recorded susceptibility of males to having higher blood pressure than females (Table 4) and( Figure 4A&B), is contradicted by Gagnon et al. [98], who reported that older females with vitamin D deficiency
are more susceptible to developing hypertension than males.



Conclusion


In this study highlighted the relationship between vitamin D deficiency and hypertension in older Saudi males, as well as the relationship with higher BMI and lower physical activity. Thus, supplementation with vitamin D and encouragement to partake in physical activities can be used as a preventive strategy in the Saudi population with common and repeatedly reported impaired vitamin  D  status  (deficiency/insufficiency).  However,  despite the accumulating evidence of a consistent link between vitamin D and blood pressure, more studies are needed to ascertain the effectiveness of vitamin D supplementation as a treatment strategy.
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