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Impact evidence of the vitamin D status in hypertensive patients in Morocco
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Vitamin D deficiency is a hot topic as it affects about 50% of the world's population. Beyond its extra-osseous
effects, notably on the cardiovascular system. In recent years many epidemiological studies have looked at the
role of vitamin D status in modulating blood pressure. It appears that there is an inverse association between
serum vitamin D levels and blood pressure. It is in this context that our prospective study on the Moroccan
population allows having global knowledge of the association between vitamin D and arterial hypertension.
This is a descriptive study of vitamin D status in Moroccan hypertensive patients in whom blood samples were
taken for serum 25(OH)D determination. The data collected were anonymised and entered into SPSS software.
X2 and ANOVA tests were used to investigate the existence of correlations between vitamin D status and age,
age at menopause, body mass index, sex and hypertension. 1015 hypertensive patients were included in this
study with a female predominance of 84.2%, mainly over 50 years old in 80.8%, of whom 31.5% were over-
weight or obese, 13.2% had a hypertensive parent and 70.8% had vitamin D deficiency. Vitamin D regulates
at least 3% of the human genome with receptors throughout the body, including vascular smooth muscle cells,
vascular endothelium and cardiomyocytes, where it acts by vasodilation and by blocking the renin-angioten-
sin-aldosterone system (RAAS) to lower blood pressure. There is a relationship between low serum vitamin
D levels and high blood pressure. Our study concluded that there is an association between hypovitaminosis
D and the pathology of hypertension. However, further randomised studies are needed and in the meantime,

clinicians could propose it in the therapeutic arsenal of Moroccan hypertensive patients.
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Introduction

According to the World Health Organization, hyperten-
sion is defined by a systolic blood pressure > 140 mmHg
and/or a diastolic blood pressure > 90 mmHg (1). More
than a billion people are affected in the world; which
makes it a real public health problem (2). Hypertension is
a primary risk factor in the occurrence of ischemic cardio-
myopathy, stroke and chronic kidney disease (3). It is also
one of the leading causes of mortality and morbidity in the
world (4, 5). To this end, the World Health Organization
aims to reduce, globally, the prevalence of hypertension
by 25% by 2025 (6,7). A partnership between the body of
health and the policies of the economy of health made it
possible to put in active measures to fight against the risk
factors associated with arterial hypertension: programs to
fight against tobacco consumption, reduction of the use of
salt, fight against obesity, and valorization of the physical
activity. As well as these cardiovascular risk factors, the
hypothetical role of vitamin D in the homeostasis of arte-
rial pressure is the object of a current scientific debate (8).
It is for this reason that we are interested in studying the
possible association between vitamin D and arterial hyper-
tension in the Moroccan population, which may lead to the
establishment of a therapeutic strategy to reduce arterial

hypertension in Morocco.
Materials and Methods

Study population

This is a descriptive epidemiological study conducted
prospectively and includes a total of 1015 hypertensive pa-
tients under antihypertensive treatment and 789 controls.
Patients were recruited from two private medical practices
in Casablanca (Morocco), from October 2020 to October
2021.

The patients included in this study were over 25 years
of age, known to be hypertensive and on antihypertensive
treatment for at least 6 months. Patients with associated
cardiovascular disease, inflammatory rheumatic disease,
cancer, pregnancy, breastfeeding, corticosteroids and vi-
tamin D supplementation were excluded from this study.

Clinical endpoints

A face-to-face interview was conducted with each en-
rolled hypertensive patient to collect data regarding the
sex, age, age at menopause for women, weight, size, skin
color, number of children, profession and physical activity.
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Blood pressure measurements
Initial blood pressure measurements were taken, one
on arrival and one after 15 minutes of rest in the supine po-
sition; the average of these two measurements was taken.
Thereafter, blood pressure was taken twice a week at
home by the patient, once in the morning and once in the
evening, for the duration of the study.

Vitamin D measurements

This phase took place in the immunoserology room
of a private medical analysis laboratory, carried out by a
specialised technician using the VIDAS3 machine; this is
an automatic assay machine based on the enzyme immu-
noassay technique with fluorimetric detection. Vitamin D
deficiency is defined as 12 ng/nl, vitamin D insufficiency
as 12 and 30 ng/nl and vitamin D sufficiency as 30 ng/nl.
Vitamin D is considered toxic for a serum concentration
of 150 ng/nl.

Statistical analysis

The statistical analysis was carried out using SPSS
software for Windours, version 20 (SPSS Inc, Chicago).
The comparison between hypovitaminosis D and the clini-
cal and biological parameters was performed using > test,
and Fisher bilateral exact test was used for the comparison
of percentages. The associations are considered statisti-

cally significant when the p-value is inferior to 0.05.
Results

The demographic and clinical characteristics of recruit-
ed hypertensive patients are reported in Table 1. The sex
ratio of our patients is 0,18. Hypertension was more preva-
lent in women (84.2%) than in men (15.8%).

The distribution of patients according to age shows a
predominance of patients aged more than 50 years. The
clinical data on hypertension show that 60% of the patients
(609 patients) have normal blood pressure and 40% (406
patients) have high blood pressure.

Data analysis of family history shows that hypertension
was reported in 13.2 % of patients (134/1015).

The results of vitamin D status show a significant dif-
ference between normal subjects and hypertensive patients
(p 0.03), with a superior rate of vitamin D insufficiency
(=12-<30 ng/nl) in normal subjects, as opposed to vitamin
D deficiency (<12 ng/nl) that is more pronounced in hy-
pertensive cases (Table 2).

The distribution of vitamin D status according to socio-
demographic characteristics of hypertensive patients is re-
ported in (Table 3) which shows that hypovitaminosis D
is significantly associated with gender (p= 0,02) with vi-
tamin D insufficiency being more pronounced in females.

Table 1. Demographic and clinical characteristics of hypertensive patients.

N %
Male 160 15.8
Sex Female 855 84.2
25 — 35 years old 61 6.01
36 — 50 years old 134 13.20
Age > 50 years old 820 80.78
Blood pressure Normal 609 60
Anormal 406 40
Family history Hypertension 134 13.2
Table 2. Comparison of vitamin D status between normal subjects and hypertensive cases.
Vitamin D
Deficiency Insufficiency Normal
P value
N N % N % N %
Hypertensive Patients 1015 219 21.6 719 70.8 77 7.6 0.03
Controls 789 133 17.01 596 76.21 53 6.78

Table 3. Distribution of vitamin D status according to socio-demographic characteristics of hypertensive patients.

Vitamin D
Deficiency Insufficiency Normal P value
N N % N % N %
Male 160 49  30.6 99 62 12 73
Gender Female 855 182 213 60 725 53 62 02
25— 35 years old 61 18 295 36 59 7 10.9
Age 36— 50 years old 134 35 26 87 65 12 9 0.012
> 50 years old 820 152 18.6 617 75.2 51 6.2
Physical Yes 192 35 18 115 602 2 a8 oo
Activity No 823 176 214 578 702 69 8.4 '
Skin Matte color 609 140 23 369 606 100 164
White color 254 36 14 127 50 91 36 <0.001
color Black color 152 54 352 98 64.8 0 0
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Similarly, in the control group, hypovitaminosis D is
significantly associated with gender (p<0.0001) with vita-
min D deficiency that is more pronounced in females and
insufficiency more prevalent in males (Table 4).

Furthermore, hypovitaminosis D is significantly as-
sociated with age (p= 0.012), and physical activity (p=
0.00000) in the group of hypertensive patients.

In this study, known hypertensive patients were clas-
sified into two groups according to blood pressure. The
distribution of vitamin D status in hypertensive patients
according to blood pressure is shown in Table 5. This
shows a significant association between vitamin D status
and blood pressure (p= 0.0000).

After vitamin D supplementation, 25(OH)D levels nor-
malised in all patients who were hypovitaminotic. About
the impact of vitamin D supplementation in patients with
high blood pressure (406/1015) 71% normalized their
blood pressure.

Discussion

The analysis of the results shows that the majority of
patients are women with vitamin D deficiency. In 2009, a
Moroccan study reported that 91% of Moroccan women
are 25(OH)D deficient. These results may be explained by
the traditional Moroccan style of dress which covers the
skin (9). The hypovitaminosis D observed in Moroccan
women could be explained by the absence or low exposure
to sunlight throughout the year and throughout the day, the
diet, and the high body mass index (10).

The majority of patients are over 50 years of age and

older people have a reduced ability to synthesise vitamin
D from sunlight. A study published in the Lancet in 1989
showed that 25(OH)D levels were less increased after ex-
posure to UVB in the sunbed in subjects aged 62-80 years
compared to subjects aged 20-30 years. The concentration
of 7-dehydrocholesterol in the deep layers of the epider-
mis decreases with age. A 20-year-old produces 4 times
more vitamin D through the skin than a 70-year-old (11).

Furthermore, in our study, the majority of hypertensive
patients were not physically active and were predominant-
ly vitamin D deficient. Recent studies suggest that vitamin
D influences skeletal muscle by activating the expression
of genes that influence muscle growth and differentiation,
particularly in fast-twitch fibres (12,13). Vitamin D also
has non-genomic effects that include regulation of sarco-
plasmic calcium supply and cell signalling (13). Biopsy
studies in deficient patients show atrophy of type II skel-
etal muscle fibres (14).

In addition, it is noted that the black hypertensive pa-
tients in our study have the highest level of vitamin D
deficiency. Indeed, skin pigmentation is a major cause of
vitamin D deficiency because melanin absorbs UVB ra-
diation. This pigmentation acts as a natural sunscreen and
increased skin pigmentation may decrease skin synthesis
of vitamin D under UVB (15). A study of African-Ameri-
cans found that they are the most vitamin D deficient and
whites the least with a prevalence of 34.9% (16). This is
also the case in the 2008 study by G. Guardia which found
that the proportion of people with vitamin D deficiency
was significantly higher in black-skinned people than in
light-skinned people (17).

Table 4. Distribution of vitamin D status according to socio-demographic characteristics of controls.

Vitamin D
Deficiency Insufficiency Normal
P value
N N % N % N %
Male 158 5 3.16 129 81.65 26 16.46
Gender <0.0001
Female 631 128 20.29 467 74.01 27 4.28
<12 8 3 37.50 3 37.50 2 25.00
13-21 22 3 13.64 19 86.36 0 0.00
22-35 127 23 18.11 95 74.80 9 7.09
36-50 237 48 20.25 166 70.04 23 9.70 0.1990
>50 395 72 18.23 296 74.94 27 6.84 '
<40 52 13 25.00 34 65.38 5 9.62
Age 41-50 184 33 17.93 125 67.93 26 14.13
>50 97 17 17.53 73 75.26 7 7.22
. Yes 241 44 18.26 169 70.12 28 11.62
Physical
o No 548 104 18.98 373 68.07 71 12.96 0.8235
activity
No 686 151 2.01 514 74.93 21 3.06
Matte 473 102 21.6 284 62.2 77 16.3
Ski | White 197 35 17.8 113 57.4 49 24.9 <0.0001
Ot Black 119 38 319 78 655 3025
Table 5. Distribution of vitamin D status according to hypertensive.
Vitamin D
Deficiency Insufficiency Normal P value
N N % N % N %
Normal blood pressure 609 130 213 321 52.7 158 26
High blood pressure 406 123 30.4 277 68.2 6 1.4 0.0000
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Furthermore, our study reports that the majority of
our hypertensive patients are over 50 years old (80.78%).
Indeed, the prevalence of arterial hypertension increases
with age and in particular that of systolic pressure.

Systolic hypertension is a relatively specific problem of
the elderly, as the results of the Framingham Heart Study
have shown. More than 70% of people over 60 years of
age have high systolic blood pressure and more than 25%
of people over 80 years of age have "pure" isolated sys-
tolic hypertension.

Ageing is accompanied by an increase in peripheral
resistance, a decrease in compliance and an increase in ar-
terial stiffness. This vascular remodelling is explained by
important tissue modifications: thickening of the arterial
walls, embrittlement and fragmentation of the elastin with
rupture of the elastic fibres of the media of the elastic ar-
teries, replacement of the elastic fibres by stiffer collagen
fibres, deposition of calcium salts and increased atheroma
lesions.

The arteries then lose their ability to modulate the pul-
satile pressure wave from the heart, resulting in increased
blood pressure (18, 19).

Risk factors for hypertension include a sedentary life-
style and lack of physical activity; this is consistent with
the results of our study which shows that 81.1% of our
hypertensive patients are not physically active. 13.2% of
our hypertensive patients have a family history. Heredity
may indeed play a role in the occurrence of hypertension;
this heredity relates to an increased sensitivity to sodium
linked to a decrease in renal excretion of a sodium load.
About 60% of this familial inheritance is genetically de-
termined with 40% environmental factors (20). 70.8%
of our hypertensive patients are vitamin D deficient. In-
deed, blocking the renin-angiotensin system is recognised
in the treatment of hypertension. Several epidemiologi-
cal studies report an inverse relationship between serum
1,25(0OH)2D and blood pressure as 1,25(0OH)2D decreases
renin expression. Low UVB exposure is associated with a
higher prevalence of hypertension and conversely, UVB
exposure decreases blood pressure (21, 22).

In addition, vitamin D supplementation in hypertensive
patients with high blood pressure levels has been shown to
normalise blood pressure in 71% of cases. In a randomised
controlled trial of 148 women (mean age 74+1 year) the
combination of 1600 [U/day vitamin D with 800 mg/day
calcium for eight weeks significantly reduced systolic
blood pressure compared with calcium alone (23).

Three large cohort studies showed no reduction in the
incidence of hypertension in those consuming more than
1000 TU/d or less than 200 1U/d of vitamin D. The prob-
lems in these studies are related to the method of self-mea-
surement of blood pressure by patients and the absence of
a strict diet to control dietary vitamin D intake (24).

Conclusion

Our study agrees with the literature in affirming the as-
sociation between vitamin D and hypertension. The contri-
bution of vitamin D supplementation to the prevention of
hypertension is not yet clear. Randomised trials are needed
before vitamin D supplementation can be incorporated into
a preventive and therapeutic strategy for hypertension.

Acknowledgments
The authors wish to thank the Virology, Oncology and

Biotechnology laboratory team members at FSTM-Hassan
II University of Casablanca for all their efforts to support
us during all of the stages of the work for this research
study. We would also like to thank Mrs. TAYB Kaoutar
for her help.

Funding

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit
sectors.

Credit authorship contribution statement

HA: Participated in the study design, formal analysis and
investigation, and statistical analysis and drafted the man-
uscript. ML: Participated in data analysis and review of the
final manuscript SAF: Participated in statistical analysis;
ME: Participated in the study design & review of the final
manuscript; MME: Participated in the design and coordi-
nation of the project and review of the final manuscript.
All authors have reviewed and approved the manuscript.

Competing interests
The authors declare no competing interests.

References

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnie M et al. Guidelines for the Management of Arterial Hyper-
tension. Eur Heart J 2018; 39(33): 3021-3104.

OMS. 2022
obesity#tab=tab_1
Olsen M H, Angell SY, Asma S, Boutouyrie P, Burger D, Chirinos
JA, et al . A call to action and a lifecourse strategy to address

https://www.who.int/fr/healthtopics/

the global burden of raised blood pressure on current and future
generations: the Lancet Commission on hypertension. Lancet
2016;388(10060): 2665-2712.

Kontis V, Mathers C D, Bonita R, Stevens G A, Rehm J, Shield
K D et al. Regional contributions of six preventable risk fac-
tors to achieving the 25 x 25 non-communicable disease mor-
tality reduction target: a modelling study. Lancet Glob Health
2015;3(12):e746—757.

Global Burden of Metabolic Risk Factors for Chronic Diseases
Collaboration Cardiovascular disease, chronic kidney disease,
and diabetes mortality burden of cardiometabolic risk factors
from 1980 to 2010: a comparative risk assessment. Lancet Diabe-
tes Endocrinol 2014;2:634-47.

World Health Organization. NCD global monitoring framework
(WHO, 2013).

Kontis V, Mathers CD, Rehm J, Stevens GA, Shield KD, Bonita
R et al. Contribution of six risk factors to achieving the 25x25
non-communicable disease mortality reduction target: a model-
ling study. Lancet 2014;384(9941):427-37.

Phan O, Burnier M. Vitamine D et hypertension : quel lien ?Re-
vue Médicale Suisse 2007 ;124 .ISSN :1660-9379.

Allali F, El Aichaoui S, Khazani H, Benyahia B, Saoud B, El Ka-
bbaj S. et al. High prevalence of hypovitaminosis D in Morocco:
relationship to lifestyle, physical performance, bone markers, and
bone mineral density. Semin Arthritis Rheum 2009. 38(6):444-51.
10. Lamghari Y. Hypovitaminose D chez la femme marocaine :a pro-
pos de 73 cas. Thése de pharmacie Université Med V de Rabat,
Faculté de Médecine et de Pharmacie. 2018:81.

Chapuy MC, Preziosi P, Maamer M, Arnaud S, Galan P, Hercberg
S, et al. Prevalence of vitamin D insufficiency in an adult normal
population. Osteoporos Int 1997;7(5):439-43.

11.

24



Hasna Azmi et al. / Vitamin D status in hypertensive patients, 2022, 68(12): 21-25

12.

13.

14.

15.

16.

17.

18.

Barker T, Martins TB, Hill HR, Kjeldsberg CR, Trawick RH,
Weaver LK, etal. Low vitamin D impairs strength recovery after
anterior cruciate ligament surgery. JEBCAM 2011;16(3) : 201-09.
Girgis CM, Clifton-Blight RJ, Hamrick MW, Holick MF, Gunton
JE . The roles of vitamin D in skeletal muscle: form, function, and
metabolism. Endocrine Rev 2013; 34: 33-83.

Sato Y, Iwamoto J, Kanoko T, Satoh K. Low-dose vitamin D
prevents muscular atrophy and reduces falls and hip fractures in
women after stroke: a randomized controlled trial. Cerebrovas-c.
Dis 2005; 20(3): 187-192.

Djennane M, Jouberbielle JC.Actualités sur la vitamine D. Batna
J Med Sci 2015; 2(1):7-12.

Bakos J and Miko P. Vitamin D forming effectiveness of ultravio-
let radiation from sunlight in different months in Budapset, Hun-
gary. Orv Hetil 2007; 148: 319-25.

Guardia G, Parikh N, Eskridge T, Phillips E, Divine G and Sud-
haker Rao D. Prevalence of vitamin D depletion among subjects
seeking advice on osteoporosis a five years cross sectional study
with public health implications. Osteoporos Int 2008; 19: 13-9.
Mahmood Syed S, Levy D, Vasan RS, Wang JT. The Framingham
Heart Study and the Epidemiology of Cardiovascular Diseases:

19.

20.

21.

22.

23.

24.

a historical perspective. Lancet 2014 Mar 15; 383 (9921): 999-
1008.

Lantelme P, CUSTAUD MA, Vincent M, Milon H.Implications
cliniques de la variabilité tensionnelle. Arch Mal Coeur Vaiss
2002;95:787-92.

thése M. Adama K. COULIBALY (2012).Hypertension artérielle
chez les sujets de 15 ans et plus dans le service de cardiologie de
Sikasso.Thése de doctorat,université des sciences techniques et de
la technologie, Mali.

Rostand SG. Ultraviolet light may contribute to geographic and
racial blood pressure differences. Hypertension 1997; 30: 150-6.
Krause R, Biithring M, Hopfenmiiller W, Holick MF,Sharma A
M. Ultraviolet B and blood pressure. Lancet 1998; 352: 709-10.
Pfeifer M, Begerow B, Minne HW, Nachtigall D, Hansen C.
Effects of a short-term vitamin D (3) and calcium supplementa-
tion on blood pressure and parathyroid hormone levels in elderly
women. J Clin Endocrinal Metab 2001; 86: 1633-7.

Forman JP, Bischoff-Ferrari HA, Willett WC, Stampfer MJ,
Curhan GC. Vitamin D intake and risk of incident hypertension:
results from three large prospective cohort studies. Hypertension
2005; 46(4): 676-82.

25



