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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.

Impact evidence of the vitamin D status in hypertensive patients in Morocco

Hasna Azmi1, Maryame Lamsisi1, Said Ait Faraji 2, Mohammed EL Mzibri3, Moulay Mustapha Ennaji1*

1 Team of Virology, Oncology and Biotechnology/Laboratory of Virology, Oncology, Biosciences, Environment and New Energies - Faculty of 
Sciences & Technologies Mohammedia - University Hassan II of Casablanca, Morocco.

2 Statistical Engineer- National Institute of Applied Economic Statistics (INSEA), Gender, Economics, Actuarial, Statistics, Demography and 
Sustainable Development Laboratory (GEAS3D), Rabat.Morocco

3 Medical and Biology Research Unit. National Centre of Energy, Nuclear Sciences and Techniques, Rabat. Morocco

ARTICLE INFO ABSTRACT

Keywords:

Vitamin D, insufficiency, RAAS, 
high blood pressure

Original paper

Article history:
Received: June 20, 2022
Accepted: December 15, 2022
Published: December 31, 2022

* Corresponding author. Email: m.ennaji@yahoo.fr; mymustapha.ennaji@univh2c.ma
  Cellular and Molecular Biology, 2022, 68(12): 21-25

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.

Doi: http://dx.doi.org/10.14715/cmb/2022.68.12.5                               Copyright: © 2022 by the C.M.B. Association. All rights reserved.

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 



22

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

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 χ2

 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.

N %

Sex
Male 160 15.8
Female 855 84.2

Age

25 – 35 years old 61 6.01
36 – 50 years old 134 13.20
> 50 years old 820 80.78

Blood pressure
Normal 609 60
Anormal 406 40

Family history Hypertension 134 13.2

Table 1. Demographic and clinical characteristics of hypertensive patients.

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 2. Comparison of vitamin D status between normal subjects and hypertensive cases.

Vitamin D
P valueDeficiency Insufficiency Normal

N N % N % N %

Gender
Male 160 49 30.6 99 62 12 7.3

0.02
Female 855 182 21.3 620 72.5 53 6.2

Age
25 – 35 years old 61 18 29.5 36 59 7 10.9

0.01236 – 50 years old 134 35 26 87 65 12 9
> 50 years old 820 152 18.6 617 75.2 51 6.2

Physical

Activity

Yes 192 35 18 115 60.2 42 21.8
< 0.001

No 823 176 21.4 578 70.2 69 8.4

Skin

color

Matte color 609 140 23 369 60.6 100 16.4
< 0.001White color 254 36 14 127 50 91 36

Black color 152 54 35.2 98 64.8 0 0

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

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 

Vitamin D
 Deficiency Insufficiency Normal

P value
 N N % N % N %

Gender
Male 158 5 3.16 129 81.65 26 16.46

<0.0001
Female 631 128 20.29 467 74.01 27 4.28

Age

<12 8 3 37.50 3 37.50 2 25.00

0.1990

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
>50 395 72 18.23 296 74.94 27 6.84
<40 52 13 25.00 34 65.38 5 9.62
41-50 184 33 17.93 125 67.93 26 14.13
>50 97 17 17.53 73 75.26 7 7.22

Physical 
activity 

Yes 241 44 18.26 169 70.12 28 11.62
0.8235No 548 104 18.98 373 68.07 71 12.96

No 686 151 2.01 514 74.93 21 3.06

Skin color

Matte 473 102 21.6 284 62.2 77 16.3
<0.0001White 197 35 17.8 113 57.4 49 24.9

Black 119 38 31.9 78 65.5 3 2.5

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 %
Normal blood pressure 609 130 21.3 321 52.7 158 26

0.0000High blood pressure 406 123 30.4 277 68.2 6 1.4

Table 5. Distribution of vitamin D status according to hypertensive.
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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(OH)2D and blood pressure as 1,25(OH)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 IU/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 IU/d or less than 200 IU/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.
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