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Background and Purpose: Hypertension is a major medical condition that can cause many complications
and sudden death when not appropriately controlled. This study determined serum calcium, parathyroid
hormone, vitamin D, renin, angiotensin I, angiotensin | converting enzyme, and aldosterone in
hypertensive individuals, as these compounds play key roles in regulating human blood pressure.

Materials and Methods: This case-control study was conducted on 549 (324 hypertensive cases
and 225 controls) individuals between October 2018 and September 2020. Fasting blood samples
were collected into plain vacutainer bottles to determine serum calcium, parathyroid hormone,
vitamin D, and renin-angiotensin components using ion selective electrode and ELISA methods.
Continuous and categorical variables were subjected to appropriate statistical analyses using the
STATA version 16 (StataCorp LLC).

Results: The demographic comparison showed that the mean age did not differ between the case and
control groups, but the body mass index was higher (P<0.05) among the case group. The mean calcium
value was elevated in the case group (2.4120.26 mmol/L) vs the control group (2.20£0.54 mmol/L)
(P<0.001). Comparing between case and control groups, the median values of parathyroid hormone
(PTH) (47.26 pg/mL, interquartile range [IQR]=25.05-71.70 vs 26.43 pg/mL, IQR=17.67-45.70) (P<0.001),
renin (339.77 pg/mL, IQR=227.61-566.89 vs pg/mL 269.295, IQR=159.30-420.13) (P<0.001), angiotensin
Il (402.74 pg/mL, IQR=253.79-594.77 vs 328.19 pg/mL, IQR=264.24-383.51) (P<0.001), angiotensin
| converting enzyme (3.13 ng/mL, IQR=1.77-7.35 vs 1.82 ng/mL, IQR=1.25-3.58) (P<0.001), and
aldosterone (307.18 pg/mL, IQR=204.05-502.32 vs 187.85 pg/mL, IQR=163.89-306.13) (P<0.001) were
higher in the hypertensive group. However, Vitamin D (42.91 nmol/L, IQR=24.32-55.48 vs 55.33 nmol/L,
IQR=42.67-99.73) was reduced (P<0.001) among hypertensive individuals. Multivariate analysis showed
that increase in calcium (odds ratio=5.012, P<0.001; 95% Cl, 2.885%, 8.707%, PTH (odds ratio=1.0204;
P<0.001; 95% Cl, 1.0139%, 1.02699%) and aldosterone (odds ratio=1.0008; P=0.001; 95% Cl, 1.00032%,
1.00129%) were related with higher odds of hypertension and its associated complications.

Conclusion: Abnormal parathyroid, vitamin D, aldosterone hormones, and calcium were associated
with pathophysiology and prominence of hypertension.

Keywords: Hypertension, Parathyroid hormone, Vitamin D, Renin-angiotensin-aldosterone
system (RAAS)
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Introduction

ypertension is a major medical condition
that results in many complications and
sudden death when not properly managed
[1]. High blood pressure doubles the long-
term risk of cardiovascular diseases [2, 3].

Hypertension has been reported as a major health
problem in Nigeria, as recent studies have suggested a
significant surge in its prevalence among some major cit-
ies in Nigeria [4, 5].

Abnormality in parathyroid hormone (PTH) and vita-
min D may be associated with or aggravate hyperten-
sion [6]; however, there is no consensus on this issue
so far. Studies suggest associations between vitamin
D, PTH deficiencies, and hypertension [7, 8]. The previ-
ous studies also indicate that abnormal levels of these
two hormones may exacerbate the already known or
confirmed hypertensive disorder [7, 9, 10]. Kota et al.
[7] demonstrated that individuals who had vitamin D
inadequacy experienced blood pressure increase. They
spoke out that the vitamin D deficiency could be related
to renin-angiotensin-aldosterone system (RAAS) regula-
tion. A reverse relationship appears between cholecal-
ciferol level and blood pressure [11]. Low cholecalcif-
erol is an independent risk factor for hypertension and
cardiovascular mortality [12]. A prospective study and
meta-analysis report that a deficiency of cholecalciferol
was associated with an increased danger of hyperten-
sion [13]. At the same time, vitamin D supplementation
was observed to impact blood pressure positively [14].

Cholecalciferol deficiency has also been correlated
with a higher risk of some chronic diseases [15-17]. Like-
wise, an inverse relationship between 25-hydroxycho-
lecalciferol levels and incident hypertension has been
reported in a previous study [18]. However, few studies
showed no association between these factors [11, 10].
Hence, it is important to investigate if there is any as-
sociation between 25-hydroxycholecalciferol levels and
hypertension among Nigerian population.

Also, it has been observed that blood pressure is signifi-
cantly linked with PTH (positively) than with 25-hydroxy-
cholecalciferol (negatively) [19]. This issue could imply
that cholecalciferol’s impact on blood pressure might be
influenced by its effects on parathyroid hormone.

Furthermore, the RAAS has been known as a key regula-
tor of blood pressure [20]. Thus, an abnormality in RAAS
promotes the enhancement of hypertension and cardio-
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vascular complications [21, 22]. Therefore, this study as-
sessed serum PTH hormone, cholecalciferol, calcium, and
renin-angiotensin-aldosterone in Nigerians with hyper-
tension, as all these biochemical variables are related to
the pathophysiology and pathogenesis of hypertension.

Materials and Methods
Study population and design

A case-control study was conducted with 549 partici-
pants. Out of the total, 324 volunteers were referred to
the Cardiology Unit of Lagos State University Teaching
Hospital (LASUTH) in lkeja, and the Medical Outpatient
Departments of General Hospital ljede and General
Hospital Mushin, where the study was conducted. On
account of the detection of elevation in blood pressure
(after a repeated check) during routine checks, elevated
blood pressure was confirmed on all the referred sub-
jects. Among these registered (consenting) volunteers,
8 mL of venous blood sample was collected from a well-
disinfected surface of the antecubital vein within the
cubital fossa. A fasting blood sample was taken from all
consenting hypertensive volunteers (case) and consent-
ing normotensive volunteers (control).

The sample size was determined using a previously
validated formula based on the recently documented
occurrence of high blood pressure among the Nigerian
population [23] at a 20%-25% prevalence rate based on
publication by Ogah et al. [24].

Inclusion and exclusion criteria

The inclusion criteria for the case group were as follows:
Ambulatory newly diagnosed and long-standing hyper-
tensive (primary) volunteers aged 18 and above without
any other known disease or complication(s). A simple
random sampling technique was adopted for this study.

The inclusion criteria for the control group were as
follows: Healthy normotensive adults aged 18 years
and above. All volunteers were recruited using simple
random sampling techniques.

The exclusion criteria for the case group were children
below the age of 18 years, hypertensive volunteers with
other known comorbidities, and female hypertensive
volunteers who were pregnant.

The exclusion criteria for the control group were adult
participants who were presented with any form of ail-
ment or disease in the absence of hypertension.
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Study methods

Before sample collection, intending participants were
given questionnaires to fill out after an explanation of
the purpose of the research. A well-designed structured
questionnaire consisting of sections for all anthropo-
metric data, educational background, family history of
hypertension, lifestyle, history of medications, and any
possible comorbidity during this study was adapted
from the Centers for Disease Control and Prevention
of Blood Pressure [25]. The participants were then re-
quested to take anthropometric height and weight
measurements using standard graduated meters and
scale equipment. Blood pressure measurements of all
volunteers were taken from the left upper arm using an
accosson sphygmomanometer and Omron IT series 10
sphygmomanometers. In contrast, body temperature
was taken using a clinical thermometer.

Sample collection

A total of 8 mL of fasting blood sample was taken
from all consenting hypertensive volunteers (case) and
normotensive volunteers (control). Fasting blood was
obtained from the cubital fossa of the subjects after
an overnight fast of between 10 and 16 h in a sitting
position in a plain and lithium heparinized vacutainer
bottle. Blood samples were centrifuged, separated, and
preserved at -20 °C pending analysis.

Biochemical analysis

Vitamin D hormone was estimated using 25-hydroxyl
vitamin D. Angiotensin 1 converting enzyme (ACE), re-
nin, angiotensin |, aldosterone, vitamin D hormone,
and PTH were estimated using Elabscience ELISA com-
mercial kits following the manufacturer’s instruction.
On the other hand, calcium was determined using an
SFRI 4000 ion selective electrode.

Aldosterone (catalog No: E-EL-0070), human angioten-
sin Il (catalog number: E-EL-H0326), 25-hydroxyl vitamin
D (catalog No: E-EL-0015), intact PTH (catalog number:
E-EL-0015), ACE (catalog number: E-EL-H0281), and hu-
man REN (renin) (Catalog No: E-EL-H0119) are all en-
zyme-linked immunosorbent assay based on either com-
petitive or non-competitive immunoassay reactions.

Statistical analysis

The Kolmogorov-Smirnov test was conducted to assess
the normality of the continuous data. Variables nor-
mally distributed were analyzed using a parametric test,
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while the skewed variables were analyzed using a non-
parametric test. Variables were presented as MeantSD
and analyzed using the independent t-test. The skewed
variables were presented as median and interquartile
range (IQR) and were analyzed using the Mann-Whitney
U test. The associations between these variables were
analyzed using the Pearson and Spearman rank corre-
lation for normally distributed and skewed variables. A
multivariate logistics regression analysis was conducted
to assess or predict the risks of developing hypertension
among the healthy control group using all the continu-
ous biochemical independent covariates. All data were
analyzed using statistics and data science (STATA soft-
ware, version 16 (StataCorp) and SPSS software, version
23. The significant level of probability was set at P<0.05.

Results

The anthropometric data of the case and control par-
ticipants showed that female volunteers were higher in
both groups, constituting 65.34% and 60.89%, respec-
tively. Both groups were age-matched, but the weight,
body mass index, systolic and diastolic blood pressure,
mean arterial blood pressure, and pulse pressure were
higher (P<0.05) among the case group [26].

Figure 1 shows the various categories of hypertensive
volunteers based on the body mass index. Out of the
323 hypertensive volunteers studied, 7(2.17%) were un-
derweight (BMI<18.5 kg/m?), 121(37.46%) had regular
weight (BMI=18.5-24.5 kg/m?), whereas 105 (32.51%)
were overweight (BMI>25-29 kg/m?). On the other
hand, a total of 90 (27.86%) hypertensive participants
were obese (BMI of >30 kg/m?).

Table 1 presents the median values of neurohor-
mones and other hormones that play some roles in
blood pressure regulation. The median parathyroid
and vitamin D values for hypertensive and control
groups were 47.26 pg/mL (25.05-71.70) vs 26.45 pg/
mL (17.67-45.70) (P<0.001) and 42.91 nmol/L (24.32-
55.48) vs 55.325 nmol/L (42.67-99.73) (P<0.001),
respectively. Renin and angiotensin Il values were
339.77 pg/mL (227.61-566.89) vs 269.295 pg/mL
(159.70-420.15) (P<0.001); 402.74 pg/mL (253.79-
594.77) vs 328.19 pg/mL (264.24-383.51) (P<0.001)
for hypertensive and control group, respectively. The
median human angiotensin | converting enzyme in the
case and control groups were 3.13 ng/mL (1.77-7.35)
vs 1.82 ng/mL (1.25-3.58) (P<0.001), respectively.
While the median aldosterone levels for the case and
control groups were 307.18 pg/mL (204.05-502.32) vs
187.85 pg/mL (163.89-306.13) (P<0.001), respectively.
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Figure 1. Body mass index categories among hypertensive study group

there was a negative association between renin and
aldosterone (rs=-0.1078, P=0.0122). Vitamin D, aldoste-
rone, and ACE correlated negatively, but these associa-
tions were non-significant. Other variables did not pro-

Table 2 presents the Spearman rank correlation of
the skewed continuous variables. Among hypertensive
participants, there was a positive relationship between
aldosterone and ACE (rs=0.112, P=0.0091). Also, a posi-

tive but insignificant association was found between

PTH and ACE (rs=0.0605, P=0.1601). On the other hand,

duce any significant association.

Table 1. Hormones and neurohormones modulators of blood pressure in participants

Median (IQR)/MeantSD
Variables P
Hypertensive (n=324) Control (n=225)

PTH (pg/mL) 47.26 26.45 <0.001°

Interquartile range (IQR) (25.05-71.70) (17.67-45.70) )
Vitamin D hormone (nmol/L) 42.91 55.325 <0.001°

Interquartile range (IQR) (24.32-55.48) (42.67-99.73) :
Renin (pg/mL) 339.77 269.295 <0.001°

Interquartile range (IQR) (227.61- 566.89) (159.70-420.15) '
Angiotensin Il (pg/mL) 402.74 328.19 <0.001°

Interquartile range (IQR) (253.79- 594.77) (264.24-383.51) ’
Human angiotensin | converting enzyme (ng/mL) 3.13 1.82 <0.001"

Interquartile range (IQR) (1.77-7.35) (1.25-3.58) :
Aldosterone (pg/mL) 307.18 187.85 <0.001°

Interquartile range (IQR) (204.05- 502.32) (163.89-306.13) :
Calcium (mmol/L) 2.41+0.26 2.20£0.54 <0.001"

“Significant P.
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https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

Iranian Journal of Health Sciences

July 2024, Vol 12, Issue 3

Table 2. The Spearman rank correlation between the variables for the skewed data

Variables Spearman Correlation Coefficient (r) P
Aldosterone and ACE 0.112 0.0091"
Renin and ACE -0.0124 0.7731
Renin and aldosterone -0.1078 0.0122°
Vitamin D and ACE -0.0267 0.5360
Vitamin D and aldosterone -0.0536 0.2134
Vitamin D and renin -0.0499 0.2471
PTH and ACE 0.0605 0.1601
PTH and aldosterone 0.0508 0.2383

*Significant P.

Table 3 presents the multivariate logistics regression
analysis used to forecast the risk of hypertension among
the healthy control group. The odds of hypertension
among the healthy control group increased significantly
(Odds ratio [OR]: 5.012; 95% Cl, 2.885%, 8.707%) with
an increase in plasma calcium concentration, ACE ([OR]:
1.013; 95% Cl, 0.9979%, 1.02877%), renin ([OR]: 1.0088;
95% Cl, 1.0034%, 1.00142%), angiotensin Il (OR: 1.001;
95% Cl, 1.000%, 1.00095%), aldosterone ([OR]: 1.008;
95% Cl, 1.00032%, 1.001298%), PTH ([OR] 1.0204; 95%
Cl, 1.01392%, 1.026994%), whereas an increase in vi-
tamin D was associated with decreased odds (risk) of
hypertension and its associated complication ([OR]:
0.9747; 95% Cl, 0.9688%, 0.9807%).

Discussion

In this study, the largest percentage of volunteers
were within healthy weight, but some hypertensive

patients were overweight and obese. The under-
weight hypertensive participants were the least, rep-
resenting only 2.17% of the total hypertensive partici-
pants (Figure 1). The causal association between BMI
and hypertension was significant.

In addition, the calcium value in the case group was
elevated. This finding agrees with previous observa-
tions by Sabanayagam and Shankar [27] and Chou et al.
[28]. It has been documented that this electrolyte plays
a vital role in developing primary hypertension [29, 30]
because of its significance for vascular smooth muscle
cell function [30]. A previous study has observed that
a normotensive individual from a familial hypertensive
disposition exhibits elevated intracellular calcium com-
pared to others without hypertension lineage [31]. This
study supported this finding through the multivariate
logistics regression analysis study, where an increase
in extracellular calcium demonstrated a strong odds of

Table 3. Multivariate logistics regression analysis predicting the odds (risk) of hypertension among apparently healthy participants

Variables Odds Ratio Std Error P 95% Confidence Interval
Calcium 5.012 1.410 <0.001" 2.885-8.707
Angiotensin-converting 1.013 0.0078 0.091 0.9979-1.02877
enzyme
Renin 1.009 0.00027 0.001" 1.0034-1.00142
Angiotensin Il 1.001 0.0002 0.029" 1.000-1.00095
Aldosterone 1.0008 0.00027 0.001" 1.00032-1.001298
Parathyroid hormone 1.0204 0.0333 <0.001" 1.01392-1.026994
Vitamin D 0.9747 0.0030 <0.001" 0.9688-0.9807

Parathyroid Hormone, Vitamin D, Calcium, and Renin-angiotensin-aldosterone in Hypertensive Nigerian. Iran J Health Sci. 2024; 12(3):195-204.
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hypertension, suggesting a possible link between cal-
cium and the pathogenesis of hypertension. Thus, high
serum calcium has been seen in hyperparathyroidism
and vice vasa [32]. In this study, hypertensive volun-
teers demonstrated a significant increase in extracel-
lular calcium and PTH levels. The impact of calcium on
blood pressure is initiated by its interaction with sodi-
um, potassium, and magnesium [33].

Furthermore, an evaluation of PTH and vitamin D
showed that the hypertensive group had significantly
higher parathyroid and lower vitamin D values. This
observation agrees with previous literature. Zhao et
al. [34] and Ulu et al. [35] demonstrated elevated PTH
levels in hypertensive individuals with a positive as-
sociation with hypertensive severity. Also, it was ob-
served that PTH correlated positively with the RAAS
components measured, whereas an opposite effect
was observed between extracellular calcium and the
components of RAAS studied. This association agrees
with some previous studies [36, 37]. Thus, an increase
in PTH could contribute to increased aldosterone and,
by extension, increased sodium and water retention—
all these contribute to hypertension. Also, an increase
in the components of RAAS may elicit a decrease in
serum calcium. This condition may accentuate hyper-
tension [36, 37]. Thus, an elevation in serum PTH levels
makes an individual prone to developing incident hy-
pertension or accentuating existing hypertension [38,
39]. However, other studies did not observe any rela-
tionship between parathyroid and blood pressure [38,
39]. Li et al. [40] and Alpsoy et al. [41] could not estab-
lish any relationship between PTH levels and BP and re-
ported similar P for PTH levels in systolic hypertension
and normotensive individuals. This observation could
be linked to genetic diversity and environmental varia-
tion as different research populations were involved in
this study and their study. An increase in PTH was al-
lied with increased odds of hypertension. Concerning
the significantly lower vitamin D demonstrated by the
test group, previous research has shown a reverse cor-
relation between vitamin D and the risk of high blood
pressure [42]. This condition could be related to the
negative influence of vitamin D on RAAS and the as-
sociation with endothelial vasodilator dysfunction [36,
37, 43-45]. This observation could result in a higher risk
of atherosclerosis, left ventricular hypertrophy, and hy-
pertension [43-45]. Additionally, vitamin D might affect
lipid metabolism circuitously via its impact on insulin
secretion and sensitivity [46, 47]. However, relatively
higher serum 25(0OH)D levels have been reported to
lower average blood pressure, thus reducing hyperten-
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sion prevalence [42, 48]. Few studies, however, did not
show any alliance between low vitamin D values and
hypertension [38, 44, 49-52].

The RAAS has been described as one of the most
important hormonal mechanism systems responsible
for controlling hemodynamic stability [53, 54]. In this
study, renin, angiotensin Il, and aldosterone were high-
er in the case group than in the control participants.
Also, angiotensin | converting enzyme activity was sig-
nificantly higher among the hypertensive group. Pre-
ceding experiments have shown that vitamin D defi-
ciency leads to RAAS activation [42, 45]; this might have
been possible among the hypertensive group studied.
Hypertension results when there is hyperactivation of
the sympathetic nervous system and RAAS [54]. The
findings regarding the RAAS components of this study
suggest the activation of this system in some Nigerians
who are hypertensive. This condition is possibly accen-
tuated by this study’s significantly low vitamin D level.
A multivariate logistics regression analysis showed that
all RAAS components studied (except ACE) showed
higher odds (risk) of hypertension and its associated
complications with increased serum values of the RAAS
component studied. Activation of RAAS is associated
with a higher risk of hypertension [54, 22]. Thus, the re-
sults of this study concerning RAAS components agree
with studies by Drummond et al. [54].

Conclusion

The case group demonstrated much higher serum val-
ues of PTH, RAAS components, and calcium, whereas vi-
tamin D was vividly lower among the case group. Thus,
it appears that abnormal blood concentration of these
variables may play a part in the pathogenesis and accen-
tuation of hypertension among the Nigerian population.

Study limitations

This study only had a snapshot encounter with all vol-
unteers. Hence, there was no follow-up study on this
group of volunteers where we would have been able to
evaluate possible influences of medications, lifestyles,
and diet on the biochemical variables studied.
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Parathyroid Hormone, Vitamin D, Calcium, and Renin-angiotensin-aldosterone in Hypertensive Nigerian. Iran J Health Sci. 2024; 12(3):195-204.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.lasuth.org.ng/
https://www.lasuth.org.ng/

Iranian Journal of Health Sciences

06/10/1074). Also, permission was obtained from the
Lagos State Health Service Commission (HSC) to use
some of the general hospitals in addition to Lasuth for
sample collection. A detailed explanation of the purpose
of the study was provided to all intended volunteers.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors contributions

All authors equally contribute to preparing all parts of
the research.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgements

The authors are grateful to all clinicians and nurses
who assisted in recruiting volunteers for this study.

References

[1] James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb
C, Handler J, et al. 2014 evidence-based guideline for the man-
agement of high blood pressure in adults: Report from the panel
members appointed to the Eighth Joint National Committee (JNC
8). JAMA. 2014; 311(5):507-20. [DOI:10.1001/jama.2013.284427]
[PMID]

[2] Fuchs FD, Whelton PK. High blood pressure and cardiovascular dis-
ease. Hypertension 2020; 75(2):285-92. [DOI:10.1161/HYPERTEN-
SIONAHA.119.14240] [PMID] [PMCID]

[3] Mills KT, Stefanescu A, He J. The global epidemiology of hy-
pertension. Nature Reviews Nephrology. 2020; 16(4):223-37.
[DOI:10.1038/541581-019-0244-2] [PMID] [PMCID]

[4] Okubadejo NU, Ozoh OB, Ojo OO, Akinkugbe AO, Odeniyi IA, Ade-
goke O, et al. Prevalence of hypertension and blood pressure profile
amongst urban-dwelling adults in Nigeria: A comparative analysis
based on recent guideline recommendations. Clinical Hypertension.
2019; 25:7. [DOI:10.1186/540885-019-0112-1] [PMID] [PMCID]

[5] Odili AN, Chori BS, Danladi B, Nwakile PC, Okoye IC, Abdullahi U, et
al. Prevalence, awareness, treatment and control of hypertension in
Nigeria: Data from a Nationwide Survey 2017. Global Heart. 2020;
15(1):47. [DOI:10.5334/gh.848] [PMID] [PMCID]

[6] He JL, Scragg RK. Vitamin D, parathyroid hormone, and blood
pressure in the National Health and Nutrition Examination Sur-
veys. American Journal of Hypertension. 2011; 24(8):911-7.
[DOI:10.1038/ajh.2011.73] [PMID]

July 2024, Vol 12, Issue 3

[7] Kota SK, Kota SK, Jammula S, Meher LK, Panda S, Tripathy PR, et al.
Renin-angiotensin system activity in vitamin D deficient, obese indi-
viduals with hypertension: An urban Indian study. Indian Journal of
Endocrinology and Metabolism. 2011; Suppl 4(Suppl4):5395-401.
[DOI:10.4103/2230-8210.86985] [PMID] [PMCID]

[8] Alagacone S, Verga E, Verdolini R, Saifullah SM. The association be-
tween vitamin D deficiency and the risk of resistant hypertension.
Clinical and Experimental Hypertension. 2020; 42(2):177-80. [DOI:1
0.1080/10641963.2019.1601204] [PMID]

[9] Karadeniz Y, Ozpamuk-Karadeniz F, Ahbab S, Ataoglu E, Can G. Vita-
min D deficiency is a potential risk for blood pressure elevation and
the development of hypertension. Medicina. 2021; 57(12):1297.
[DOI:10.3390/medicina57121297] [PMID] [PMCID]

[10] Jensen NS, Wehland M, Wise PM, Grimm D. Latest Knowledge on
the Role of Vitamin D in Hypertension. International Journal of Mo-
lecular Sciences. 2023; 24(5):4679. [DOI:10.3390/ijms24054679]
[PMID] [PMCID]

[11] Mokhtari E, Hajhashemy Z, Saneei P. Serum vitamin D levels in
relation to hypertension and pre-hypertension in adults: A sys-
tematic review and dose-response meta-analysis of epidemiologic
studies. Frontiers in Nutrition. 2022; 9:829307. [DOI:10.3389/
fnut.2022.829307] [PMID] [PMCID]

[12] Rai V, Agrawal DK. Role of Vitamin D in cardiovascular diseases.
Endocrinology and Metabolism Clinics of North America. 2017;
46(4):1039-9. [DOI:10.1016/j.ecl.2017.07.009] [PMID] [PMCID]

[13] Qi D, Nie XL, Wu S, Cai J. Vitamin D and hypertension: Prospec-
tive study and meta-analysis. PLoS One. 2017; 12(3):e0174298.
[DOI:10.1371/journal.pone.0174298] [PMID] [PMCID]

[14] Tomson J, Hin H, Emberson J, Kurien R, Lay M, Cox J, et al. Effects of
vitamin D on blood pressure, arterial stiffness, and cardiac function
in older people after 1 year: BEST-D (Biochemical Efficacy and Safety
Trial of Vitamin D). Journal of the American Heart Association. 2017;
6(10):e005707. [DOI:10.1161/JAHA.117.005707] [PMID] [PMCID]

[15] Zhang R, Li B, Gao X, Tian R, Pan Y, Jiang Y, et al. Serum 25-hydrox-
yvitamin D and the risk of cardiovascular disease: Dose-response
meta-analysis of prospective studies. The American Journal of Clini-
cal Nutrition. 2017; 105(4):810-9. [DOI:10.3945/ajcn.116.140392]
[PMID]

[16] Ekmekcioglu C, Haluza D, Kundi M. 25-Hydroxyvitamin D status
and risk for colorectal cancer and type 2 diabetes mellitus: A sys-
tematic review and meta-analysis of epidemiological studies. In-
ternational Journal of Environmental Research and Public Health.
2017; 14(2):E127. [DOI:10.3390/ijerph14020127] [PMID] [PMCID]

[17] Jayedi A, Rashidy-Pour A, Shab-Bidar S. Vitamin D status and risk
of dementia and Alzheimer’s disease: A meta-analysis of dose-re-
sponse. Nutritional Neuroscience. 2019; 22(11):750-9. [DOI:10.108
0/1028415X.2018.1436639] [PMID]

[18] Zhang D, Cheng C, Wang Y, Sun H, Yu S, Xue Y, et al. Effect of
Vitamin D on blood pressure and hypertension in the general
population: An update meta-analysis of cohort studies and rand-
omized controlled trials. Preventing Chronic Disease. 2020; 17:E03.
[DOI:10.5888/pcd17.190307] [PMID] [PMCID]

[19] Garcia VC, Schuch NJ, Catania AS, Gouvea Ferreira SR, Martini
LA. Parathyroid hormone has an important role in blood pressure
regulation in vitamin D-insufficient individuals. Nutrition. 2013;
29(9):1147-51. [DOI:10.1016/j.nut.2013.03.022] [PMID]

Parathyroid Hormone, Vitamin D, Calcium, and Renin-angiotensin-aldosterone in Hypertensive Nigerian. Iran J Health Sci. 2024; 12(3):195-204.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://hsc.lagosstate.gov.ng/
https://www.lasuth.org.ng/
https://doi.org/10.1001/jama.2013.284427
https://www.ncbi.nlm.nih.gov/pubmed/24352797
https://doi.org/10.1161/hypertensionaha.119.14240
https://www.ncbi.nlm.nih.gov/pubmed/31865786
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10243231
https://doi.org/10.1038/s41581-019-0244-2
https://pubmed.ncbi.nlm.nih.gov/32024986/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7998524
https://doi.org/10.1186/s40885-019-0112-1
https://www.ncbi.nlm.nih.gov/pubmed/31016027
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6463661
https://doi.org/10.5334/gh.848
https://www.ncbi.nlm.nih.gov/pubmed/32923341
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7427662
https://doi.org/10.1038/ajh.2011.73
https://www.ncbi.nlm.nih.gov/pubmed/21525968
https://doi.org/10.4103/2230-8210.86985
https://www.ncbi.nlm.nih.gov/pubmed/22145146
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3230105
https://doi.org/10.1080/10641963.2019.1601204
https://doi.org/10.1080/10641963.2019.1601204
https://www.ncbi.nlm.nih.gov/pubmed/30939946
https://doi.org/10.3390/medicina57121297
https://www.ncbi.nlm.nih.gov/pubmed/34946242
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8703486
https://doi.org/10.3390/ijms24054679
https://pubmed.ncbi.nlm.nih.gov/36902110/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10003079
https://doi.org/10.3389/fnut.2022.829307
https://doi.org/10.3389/fnut.2022.829307
https://www.ncbi.nlm.nih.gov/pubmed/35360696
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961407
https://doi.org/10.1016/j.ecl.2017.07.009
https://www.ncbi.nlm.nih.gov/pubmed/29080634
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675035
https://doi.org/10.1371/journal.pone.0174298
https://www.ncbi.nlm.nih.gov/pubmed/28358827
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5373576
https://doi.org/10.1161/JAHA.117.005707
https://www.ncbi.nlm.nih.gov/pubmed/29066437
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5721827
https://doi.org/10.3945/ajcn.116.140392
https://www.ncbi.nlm.nih.gov/pubmed/28251933
https://doi.org/10.3390/ijerph14020127
https://www.ncbi.nlm.nih.gov/pubmed/28134804
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5334681
https://doi.org/10.1080/1028415X.2018.1436639
https://doi.org/10.1080/1028415X.2018.1436639
https://www.ncbi.nlm.nih.gov/pubmed/29447107
https://doi.org/10.5888/pcd17.190307
https://www.ncbi.nlm.nih.gov/pubmed/31922371
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6977781
https://doi.org/10.1016/j.nut.2013.03.022
https://www.ncbi.nlm.nih.gov/pubmed/23927947

July 2024, Vol 12, Issue 3

[20] Triebel H, Castrop H. The renin angiotensin aldosterone system.
Pflugers Archiv: European Journal of Physiology. 2024; 476(5):705-
13. [DOI:10.1007/s00424-024-02908-1] [PMID] [PMCID]

[21] Ferrari R. RAAS inhibition and mortality in hypertension.
Global Cardiology Science and Practice. 2013; 2013(3):269-78.
[DOI:10.5339/gcsp.2013.34] [PMID] [PMCID]

[22] Fountain JH, Kaur J, Lappin SL. Physiology, renin angiotensin sys-
tem. [Updated 2023 Mar 12]. In: StatPearls [Internet]. Treasure Is-
land (FL): StatPearls Publishing; 2023. [Link]

[23] Cochran WG. Sampling techniques. New York: John Wiley and
Sons, Inc.; 1963. [Link]

[24] Ogah, OS, Madukwe OO, Chukwuonye I, Onyeonoro UU, Ukegbu
AU, Akhimien MO. et al. Prevalence and determinants of hyperten-
sion in Abia State Nigeria. Ethnicity & Disease. 2013; 23(2):161-7.
[Link]

[25] Aryal KK, Neupane S, Mehata S, Vaidya A, Singh S, Paulin F, et al.
Non communicable diseases risk factors: STEPS survey nepal 2013.
Kathmandu: Nepal Health Research Council; 2013. [Link]

[26] Ekun, OA, Daniel, F Adebola, P, Ajibare, A, Ekun, 0O, Omogoroye,
00, et al. Assessment of plasma sodium to potassium ratio, renal
function, markers of oxidative stress, inflammation, and endothelial
dysfunction in Nigerian hypertensive patients. International Journal
of Hypertension. 2020; 1:1-8. [DOI: 10.1155/2020/6365947]

[27] Sabanayagam C, Shankar A. Serum calcium levels and hyperten-
sion among US adults. Journal of Clinical Hypertension (Greenwich).
2011; 13(10):716-21. [DOI:10.1111/.1751-7176.2011.00503.x]
[PMID] [PMCID]

[28] Chou CW, Fang WH, Chen YY, Wang CC, Kao TW, Wu CJ, et al. Asso-
ciation between serum calcium and risk of cardiometabolic disease
among community-dwelling adults in Taiwan. Scientific Reports.
2020; 10(1):3192. [DOI:10.1038/s41598-020-60209-w] [PMID]
[PMCID]

[29] Andrea S, Alice G, Chiara DP, Pietro M, Olle M, Cristiano F. Serum
calcium is associated with peripheral and central blood pressure in
different samples. Journal of Hypertension. 2024; 42(Suppl 1):e272.
[DOI:10.1097/01.hjh.0001022304.78904.c6)

[30] Touyz RM, Alves-Lopes R, Rios FJ, Camargo LL, Anagnostopoulou
A, Arner A, et al. Vascular smooth muscle contraction in hyperten-
sion. Cardiovascular Research. 2018; 114(4):529-39. [DOI:10.1093/
cvr/cvy023] [PMID] [PMCID]

[31] Zidek W, Losse H, Dorst KG, Zumkley H, Vetter H. Intracellular sodi-
um and calcium in essential hypertension. Klinische Wochenschrift.
1982; 60(16):859-62. [DOI:10.1007/BF01728353] [PMID]

[32] Tee MC, Holmes DT, Wiseman SM. lonized vs serum calcium in
the diagnosis and management of primary hyperparathyroidism:
Which is superior? American Journal of Surgery. 2013; 205(5):591-
6; discussion 596. [DOI:10.1016/j.amjsurg.2013.01.017] [PMID]

[33] Martinez C. Calcium and hypertension. Nutrition Bytes. 1998
1998; 4(2). [Link]

[34] Zhao G, Ford ES, Li C, Kris-Etherton PM, Etherton TD, Balluz LS.
Independent associations of serum concentrations of 25-hydroxy-
vitamin D and parathyroidhormone with blood pressure among US
adults. Journal of Hypertension. 2010. 28(9):1821-8. [DOI:10.1097/
HJH.0b013e32833bc5b4] [PMID]

Iranian Journal of Health Sciences

[35] Ulu SM, Ulasld A, Yaman F, Yaman G, Ozkececi G, Yuksel, S. The
relationship between vitamin D and PTH levels and cardiovascular
risk in the elderly hypertensives. Clinical and Experimental Hyper-
tension. 2014; 36(1):52-7. [DOI:10.3109/10641963.2013.783054]
[PMID]

[36] Ke L, Ho J, Feng J, Mpofu E, Dibley MJ, Feng X, et al. Modifiable risk
factors including sunlight exposure and fish consumption are asso-
ciated with risk of hypertension in a large representative population
from Macau. The Journal of Steroid Biochemistry and Molecular
Biology. 2014; 144 Pt A:152-5. [DOI:10.1016/j.jsbmb.2013.10.019]
[PMID]

[37] Liu NQ, Ouyang Y, Bulut Y, Lagishetty V, Chan SY, Hollis BW, et
al. Dietary Vitamin D restriction in pregnant female mice is asso-
ciated with maternal hypertension and altered placental and fetal
development. Endocrinology. 2013; 154(7):2270-80. [DOI:10.1210/
en.2012-2270] [PMID]

[38] van Ballegooijen AJ, Kestenbaum B, Sachs MC, de Boer IH, Sis-
covick DS, Hoofnagle AN, et al. Association of 25-hydroxyvitamin
D and parathyroid hormone with incident hypertension: MESA
(Multi-Ethnic Study of Atherosclerosis). Journal of the Ameri-
can College of Cardiology. 2014; 63(12):1214-22. [DOI:10.1016/].
jacc.2014.01.012] [PMID] [PMCID]

[39] Yagi S, Aihara K, Kondo T, Endo |, Hotchi J, Ise T, et al. High serum
parathyroid hormone and calcium are risk factors for hyperten-
sion in Japanese patients. Endocrine Journal. 2014; 61(7):727-33.
[DOI:10.1507/endocrj.ej14-0004] [PMID]

[40] Li L, Yin X, Yao C, Zhu X, Wu X. Vitamin D, parathyroid hormone
and their associations with hypertension in a Chinese population.
PLoS One. 2012; 7(8):e43344.[D0I:10.1371/journal.pone.0043344]
[PMID] [PMCID]

[41] Alpsoy S, Akyiiz A, Akkoyun DC, Giir DO, Topcu B, Tiiliibas
F. Vitamin D levels in white coat and sustained hypertension.
Blood Pressure Monitoring. 2016; 21(3):131-5 [DOI:10.1097/
MBP.0000000000000171] [PMID]

[42] van Ballegooijen AJ, Gansevoort RT, Lambers-Heerspink HJ, de
Zeeuw D, Visser M, Brouwer IA, et al. Plasma 1,25-Dihydroxyvi-
tamin D and the Risk of Developing Hypertension: The preven-
tion of renal and vascular end-stage disease study. Hypertension.
2015; 66(3):563-70. [DOI:10.1161/HYPERTENSIONAHA.115.05837]
[PMID]

[43] Weng S, Sprague JE, Oh J, Riek AE, Chin K, Garcia M, et al. Vitamin
D deficiency induces high blood pressure and accelerates athero-
sclerosis in mice. Plos One. 2013; 8(1):e54625. [PMID] [PMCID]

[44] Vaidya A, Williams JS. The relationship between vitamin D and
the renin-angiotensin system in the pathophysiology of hyperten-
sion, kidney disease, and diabetes. Metabolism. 2012; 61(4):450-8.
[DOI:10.1016/j.metabol.2011.09.007] [PMID] [PMCID]

[45] Tare M, Emmett SJ, Coleman HA, Skordilis C, Eyles DW, Morley
R, et al. Vitamin D insufficiency is associated with impaired vascu-
lar endothelial and smooth muscle function and hypertension in
young rats. The Journal of Physiology. 2011; 589(Pt 19):4777-86.
[DOI:10.1113/jphysiol.2011.214726] [PMID] [PMCID]

[46] Argano C, Mirarchi L, Amodeo S, Orlando V, Torres A, Corrao
S. The role of vitamin D and its molecular bases in insulin resist-
ance, diabetes, metabolic syndrome, and cardiovascular disease:
State of the Art. International Journal of Molecular Sciences. 2023;
24(20):15485. [PMID] [PMCID]

Parathyroid Hormone, Vitamin D, Calcium, and Renin-angiotensin-aldosterone in Hypertensive Nigerian. Iran J Health Sci. 2024; 12(3):195-204.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1007/s00424-024-02908-1
https://www.ncbi.nlm.nih.gov/pubmed/38233636
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11033231
https://doi.org/10.5339/gcsp.2013.34
https://www.ncbi.nlm.nih.gov/pubmed/24689028
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3963752
https://www.ncbi.nlm.nih.gov/books/NBK470410/
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1837525
https://www.jstor.org/stable/48667830
https://nhrc.gov.np/wp-content/uploads/2017/02/noncommunicable-disease-report_2012_2013.pdf
https://doi.org/10.1155/2020/6365947
https://doi.org/10.1111/j.1751-7176.2011.00503.x
https://www.ncbi.nlm.nih.gov/pubmed/21974758
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8108903
https://doi.org/10.1038/s41598-020-60209-w
https://www.ncbi.nlm.nih.gov/pubmed/32081877
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7035351
https://doi.org/10.1097/01.hjh.0001022304.78904.c6
https://doi.org/10.1093/cvr/cvy023
https://doi.org/10.1093/cvr/cvy023
https://www.ncbi.nlm.nih.gov/pubmed/29394331
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5852517
https://doi.org/10.1007/BF01728353
https://www.ncbi.nlm.nih.gov/pubmed/7132237
https://doi.org/10.1016/j.amjsurg.2013.01.017
https://www.ncbi.nlm.nih.gov/pubmed/23592168
https://escholarship.org/uc/item/68b658ss
https://doi.org/10.1097/HJH.0b013e32833bc5b4
https://doi.org/10.1097/HJH.0b013e32833bc5b4
https://www.ncbi.nlm.nih.gov/pubmed/20613627
https://doi.org/10.3109/10641963.2013.783054
https://www.ncbi.nlm.nih.gov/pubmed/23701502
https://doi.org/10.1016/j.jsbmb.2013.10.019
https://www.ncbi.nlm.nih.gov/pubmed/24189545
https://doi.org/10.1210/en.2012-2270
https://doi.org/10.1210/en.2012-2270
https://www.ncbi.nlm.nih.gov/pubmed/23677931
https://doi.org/10.1016/j.jacc.2014.01.012
https://doi.org/10.1016/j.jacc.2014.01.012
https://www.ncbi.nlm.nih.gov/pubmed/24480627
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999436
https://doi.org/10.1507/endocrj.ej14-0004
https://www.ncbi.nlm.nih.gov/pubmed/24849536
https://doi.org/10.1371/journal.pone.0043344
https://www.ncbi.nlm.nih.gov/pubmed/22937036
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3420866
https://doi.org/10.1097/MBP.0000000000000171
https://doi.org/10.1097/MBP.0000000000000171
https://www.ncbi.nlm.nih.gov/pubmed/26735704
https://doi.org/10.1161/HYPERTENSIONAHA.115.05837
https://www.ncbi.nlm.nih.gov/pubmed/26195480
https://www.ncbi.nlm.nih.gov/pubmed/23349943
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551761
https://doi.org/10.1016/j.metabol.2011.09.007
https://www.ncbi.nlm.nih.gov/pubmed/22075270
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3290690
https://doi.org/10.1113/jphysiol.2011.214726
https://www.ncbi.nlm.nih.gov/pubmed/21807617
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213423
https://www.ncbi.nlm.nih.gov/pubmed/37895163
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10607188

Iranian Journal of Health Sciences

[47] Abbasi F, Feldman D, Caulfield MP, Hantash FM, Reaven GM. Re-
lationship among 25-hydroxyvitamin D concentrations, insulin ac-
tion, and cardiovascular disease risk in patients with essential hy-
pertension. American Journal of Hypertension. 2015; 28(2):266-72.
[DOI:10.1093/ajh/hpul36] [PMID] [PMCID]

[48] Golzarand M, Shab-Bidar S, Koochakpoor G, Speakman J R, Djafar-
ian K. Effect of vitamin D3 supplementation on blood pressure in
adults: An updated meta-analysis. Nutrition, Metabolism, and
Cardiovascular Diseases. 2016; 26(8):663-73. [DOI:10.1016/j.num-
ecd.2016.04.011] [PMID]

[49] Chien KL, Hsu HC, Chen PC, Lin HJ, SuTC, Chen MF, et al. Total 25-hy-
droxyvitamin d concentration as a predictor for all-cause death and
cardiovascular event risk among ethnic Chinese adults: A cohort
study in a Taiwan Community. PLoS One. 2015; 10(3):e0123097.
[DOI:10.1371/journal.pone.0123097] [PMID] [PMCID]

[50] Skaaby T, Husemoen LL, Pisinger C, Jgrgensen T, Thuesen BH,
Fenger M, et al. Vitamin D status and changes in cardiovascular risk
factors: A prospective study of a general population. Cardiology.
2012; 123(1):62-70. [DOI:10.1159/000341277] [PMID]

[51] Sakamoto R, Jaceldo-Siegl K, Haddad E, Oda K, Fraser GE, Tonstad
S. Relationship of vitamin D levels to blood pressure in a biethnic
population. Nutrition, Metabolism and Cardiovascular Diseases.
2013; 23(8):776-84. [DOI:10.1016/j.numecd.2012.04.014] [PMID]
[PMCID]

[52] Burgaz A, Orsini N, Larsson SC, Wolk A. Blood 25-hydroxy-
vitamin D concentration and hypertension: A meta-analysis.
Journal of Hypertension. 2011; 29(4):636-45. [DOIl: 10.1097/
HJH.0b013e32834320f9] [PMID]

[53] Te Riet L, van Esch JH, Roks AJ, van den Meiracker AH, Danser AH.
Hypertension: Renin-angiotensin-aldosterone system alterations.
Circulation Research. 2015; 116(6):960-75. [DOI:10.1161/CIRCRE-
SAHA.116.303587] [PMID]

[54] Drummond GR, Vinh A, Guzik TJ, Sobey CG. Immune mechanisms
of hypertension. Nature Reviews Immunology. 2019; 19(8):517-32.
[DOI:10.1038/541577-019-0160-5] [PMID]

July 2024, Vol 12, Issue 3

Parathyroid Hormone, Vitamin D, Calcium, and Renin-angiotensin-aldosterone in Hypertensive Nigerian. Iran J Health Sci. 2024; 12(3):195-204.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1093/ajh/hpu136
https://www.ncbi.nlm.nih.gov/pubmed/25138785
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4357801
https://doi.org/10.1016/j.numecd.2016.04.011
https://doi.org/10.1016/j.numecd.2016.04.011
https://www.ncbi.nlm.nih.gov/pubmed/27287826
https://doi.org/10.1371/journal.pone.0123097
https://www.ncbi.nlm.nih.gov/pubmed/25807387
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4373875
https://doi.org/10.1159/000341277
https://www.ncbi.nlm.nih.gov/pubmed/22986625
https://doi.org/10.1016/j.numecd.2012.04.014
https://www.ncbi.nlm.nih.gov/pubmed/22770642
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3522760
https://doi.org/10.1097/hjh.0b013e32834320f9
https://www.ncbi.nlm.nih.gov/pubmed/21191311
https://doi.org/10.1161/CIRCRESAHA.116.303587
https://doi.org/10.1161/CIRCRESAHA.116.303587
https://www.ncbi.nlm.nih.gov/pubmed/25767283
https://doi.org/10.1038/s41577-019-0160-5
https://www.ncbi.nlm.nih.gov/pubmed/30992524

This Page Intentionally Left Blank




