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ABSTRACT

Background: Hypertension is the third leading killer disease in the world and is responsible for 1 in every 8 deaths. About
1 billion people are affected by hypertension worldwide.1 There is strong positive and continuous correlation between BP
and the risk of cardiovascular disease (myocardial infarction, heart failure), renal disease, stroke and mortality. The present
was aimed to find low plasma vitamin D levels are the risk factors for primary hypertension or not. Aims:. To study the low
plasma vitamin D levels are the risk factors for primary hypertension or not. Methods: This was a case control study
carried out in 100 patients, 50 controls and 50 cases with primary hypertension, aged between 18 to 60 years , admitted in
BLDEDU'’s Shri B.M.Patil hospital. Results: The number of patients in both the groups was predominantly female (52%)
respectively while male patients constituted 48% of the study population. The mean systolic blood pressure (SBP) value in
controls was significantly lower as compared to cases (116.8 + 6.7 vs. 155.0 + 8.4 mmHg). The mean diastolic blood
pressure (DBP) values in controls was significantly lower as compared to cases (74.5 + 4.8 vs. 87.6 £ 5.2 mmHg). The
mean Vitamin D level in controls was higher as compared to cases (21.2+ 11.5 vs. 18.0 + 6.3ng/ml). However there was no
significant difference between the groups as per Student t-test (p>0.05). Conclusion: In controls, 8% patients had Vitamin
D deficiency while 24% patients had Vitamin D sufficiency. In cases, 10% patients had Vitamin D deficiency while 84%
patients had Vitamin D insufficiency. The systolic and diastolic blood pressure values were significantly higher in cases as

Qmpared to controls in Vitamin D deficient, insufficient and sufficient patients. /
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INTRODUCTION

Hypertension is the third leading killer disease in the
world and is responsible for 1 in every 8 deaths.
About 1 billion people are affected by hypertension
worldwide.[! Hypertension is a major public health
problem in India and other countries as well. There
is strong positive and continuous correlation
between BP and the risk of cardiovascular disease
(myocardial infarction, heart failure), renal disease,
stroke and mortality. Hyperuricemia predicts
mortality in patients with heart failure or coronary
heart disease, cerebrovascular events in individuals
with  diabetes and cardiac ischemia in
hypertension.[?

Hypertension, defined as a systolic blood pressure
>140 mmHg and/or a diastolic pressure >90 mmHg,
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is one of the most common chronic diseases. The
overall hypertension prevalence among the adult
population was estimated at 26.4% in
2000.Blmoreover it has been reported that this
prevalence increased from 23.9%, in 1994, to 29.0%,
in 2008, in the USA4 from 25.0% in 1993 to 43.2%
in 2006, in Mexico;® and from 15.3% in 1995, to
24.5%, in 2005, in Canada among other countries. [l
From this prevalence, it is evident that hypertension
is a very important public health challenge because
its  complications, including  cardiovascular,
cerebrovascular, and renal diseases, are major causes
of morbidity and mortality. Reducing blood pressure
in individuals with hypertension prevents or
attenuates these complications. [

Hypertension is due to specific causes in a small
fraction of cases, but in the vast majority of
individuals (=90-95%), its etiology cannot be
determined; therefore, the essential hypertension
term is employed.®! Essential hypertension is
currently understood as a multifactorial disease
arising from the combined action of many genetic,
environmental, and behavioral factors. Given the
multifactorial nature of blood pressure homeostasis,
any change in blood pressure as, for example, one
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due to a mutation, is likely to be compensated by
feedback, complementary action, or change, in some
other control mechanisms, in an effort to return
blood pressure to normal. It is only when the balance
between the factor(s) that tend to increase the blood
pressure and those that try to normalize it is
sufficiently disturbed, when the compensatory
mechanisms fail to counteract the perturbation, that
essential hypertension results.®’! A century of
epidemiological, clinical, and physiological research
in humans and animals has provided remarkable
insights on the relationships existing between dietary
salt (Nacl), renal sodium handling, and blood
pressure.l9

Vitamin D is a steroid molecule and lipid soluble
vitamin, mainly produced by the skin and absorbed
from the gut in diet that regulates the expression of a
large number of genes. Its main role is in the control
of bone metabolism and calcium and phosphorus
homeostasis”.

Vitamin D deficiency has been traditionally
associated with poor bone growth and development
of rickets in children and osteoporosis in adults.
During the last two decades new research and data is
showing that vitamin D could be a risk factor in
many chronic diseases like hypertension, diabetes
mellitus, dyslipidemia, CVD, some cancers, auto
immune disease and TB.

Vitamin D deficiency, defined as a plasma 25-
hydroxyvitamin D3 (25(0OH) D) level under 20
ng/mL, is highly prevalent with an incidence of
about 30-50% in all over of the world.! A low level
of vitamin D is linked to the increased risk of
cardiovascular diseases (CVD) and mortality.[*2
Adiposity, lack of physical activity and excessive
salt intake are some of the best-known
environmental factors associated with hypertension.
In recent years, yet another cause has been
postulated: vitamin D deficiency.3l

A wealth of observational data has demonstrated
relationships between circulating vitamin D
metabolite levels and blood pressure (BP). Lower
25-hydroxyvitamin D (250HD) levels are associated
with higher BP levels in cross-sectional studies and
with increased rates of incident hypertension.[*4l
Vitamin D has been shown to improve endothelial
function in some studies,* reduce the production of
proinflammatory cytokines, “reduce activity of the
renin-angiotension-aldosterone system, and reduce
parathyroid hormone (PTH) levels.'! Any or all of
these mechanisms therefore potentially mediate an
effect of vitamin D on BP levels”.

Studies in India have demonstrated the low levels of
vitamin D in the Indian population and hypertension,
diabetes, vascular disease show high incidence and
prevalence in India.l"]

Hence the present study was done at our hospital to
assess the relationship between plasma levels of
vitamin D and hypertension in this part of our
country. Based on this observatation further

ypertension

prospective studies can be taken up on the role of
supplementation of vitamin D3 and reduction in
blood pressure in hypertensive patients.

MATERIALS AND METHODS

This case control study included outpatients and
inpatients at tertiary care center, between October
2016 to august 2018, who were diagnosed as
primary hypertension. All patients with primary
hypertension, aged more than 18years were included
in the studied and patients with secondary
hypertension were excluded. A detailed history,
general physical examination, systemic examination
and investigations were performed on all patients
having primary hypertension.

Vitamin D is done in every patient of primary
hypertension and other routine investigations to rule
out secondary hypertension are done. After
considering the inclusion and exclusion criteria, all
patients will be interviewed as per the prepared
proforma and then complete clinical examination
and laboratory investigations will be done.

Inclusion Criteria
Primary Hypertensive patients
18-60 years of both sexes.

Exclusion Criteria

All identifiable secondary hypertensive patients.
Cerebro- vascular disease

Coronary artery disease

Chronic renal disease

Diabetes mellitus

Anti-epileptic drugs

Smokers

All patients are evaluated with detailed history
including age, sex, presenting symptoms, history of
co morbid illnesses, smoking history, alcohol
consumption and physical parameters like BMI,
Waist Hip ratios will be noted, age and sex matched
controls will be taken and in both groups plasma
vitamin D level will be estimated.

Statistical Analysis

The patients were informed about study in all
respects and informed consent was obtained.
Statistical analysis of data was done using Mean +
SD, Diagrams, Correlation coefficient, Chi-square
test.

RESULTS
Table 1: Distribution of patients according to Age
Age Cases Control P Value
N % N %
21-30 0 0 7 14 0.001*
31-40 6 12 16 32
41-50 21 42 14 28
51-60 23 46 13 26
Total 50 100 50 100
Mean+SD 18.02+6.3 21.2+115

Note: * significant at 5% level of significance (p<0.05)
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A hospital based observational case control study
was conducted with 100 patients to analyze whether
low plasma vitamin D level is risk factor for primary
hypertension or not. The patients are divided into
two groups of 50 patients each as follows:

Cases: Patients of primary hypertension

Control: Patients that were age and sex matched
individuals

ypertension

Table 3: Comparison of Blood Pressure parameters
between groups
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Figure 3: Comparison of Blood Pressure parameters
between groups

Figure 1: Distribution of patients according to Age

Distribution of patients according to Gender

The number of patients in both the groups was
predominantly female (52%) respectively while
male patients constituted 48% of the study
population.

Comparison of Vitamin D levels between groups
The mean Vitamin D level in controls was higher as
compared to cases (21.2+ 11.5 vs. 18.0 £ 6.3ng/ml).

Table 4: Comparison of Vitamin D levels between

Table 2: Distribution of patients according to Gender

Sex Cases Control P Value
N % N %
Male 24 48 24 48 >0.05
Female 26 52 26 52
Total 50 100 50 100
M/f ratio 0.92:1 0.92:1
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Figure 2: Distribution of patients according to Gender

groups
Parameters Cases Control p value
Mean | SD | Mean | SD
VIT-D (ng/dl) 18.0 6.3 21.2 115 | 0.093
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Figure 4: Comparison of Vitamin D levels between
groups

Comparison _of Blood Pressure parameters
between groups

The mean systolic blood pressure (SBP) value in
controls was significantly lower as compared to
cases (116.8 £ 6.7 vs. 155.0 £ 8.4 mmHg).
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Association of Deficiency in Vitamin D levels and
Blood Pressure parameters

The systolic and diastolic blood pressure values were
significantly higher in cases as compared to controls
in Vitamin D deficient, insufficient and sufficient
patients. The association of Vitamin D levels was
found to be significant with SBP and DBP values
(p<0.05).
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Table 5: Association of Deficiency in Vitamin D levels and Blood Pressure parameters
VIT-D (ng/dl) BP CASES CONTROL p value
Mean SD Mean SD

Deficiency (<10) SBP 161.2 5.2 120.0 0.0 <0.001*

DBP 90.4 0.9 80.0 0.0 <0.001*
Insufficiency (10-30) SBP 154.3 8.8 117.3 6.9 <0.001*

DBP 86.9 5.4 74.4 4.8 <0.001*
Sufficiency (>30) SBP 154.0 2.0 110.0 0.0 <0.001*

DBP 92.7 3.1 71.2 1.8 <0.001*

Note: * significant at 5% level of significance (p<0.05)
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Figure 5: Association of Deficiency in Vitamin D levels
and Blood Pressure parameters

DISCUSSION

A hospital based observational case control study
was conducted with 100 patients to analyze whether
low plasma vitamin D level is risk factor for primary
hypertension or not. The patients are divided into
two groups of 50 patients each as follows:

Cases: Patients of primary hypertension

Control: Patients that were age and sex matched
individuals

Vitamin D deficiency is an emerging risk factor for
multiple comorbidities worldwide, despite abundant
sunshine. So far, various studies have been done to
prove an association between Vitamin D deficiency
and HTN. This relationship has already been
established in the Western population but needs
further validation in the Indian scenario.[281°

In the present study, majority of the patients (32%)
in controls were from the age group of 31-40 years
followed by 28% from the age group of 41-50 years,
26% from the age group of 51-60 years, 14% from
the age group of 21-30 years. The mean age in
controls was 21.2 + 11.5 years. Majority of the
patients (46%) in cases were from the age group of
51-60 years followed by 42% from the age group of
41-50 and 12% from the age group of 31-40 years.
The mean age in cases was 18.02 + 6.3 years. The
difference in mean age of the patients in the two
groups was statistically significant as per Student t-
test (p<0.05).

The number of patients in both the groups was
predominantly female (52%) respectively while
male patients constituted 48% of the study
population. The distribution of patients between two
groups on basis of gender were comparable and

statistically not significant as per Chi-Square test
(p>0.05). This is similar to the studies of Priya S et
al,”? Reddy VS et al and Akbari R et al.?+%]

The study of Reddy VS et alld reported
Hypertension was detected in 29 of the 407 subjects
(prevalence=7.1%), of which the majority were
newly diagnosed (76%). The prevalence among men
(15.0%) was higher as compared to women (5.0%).
In addition, 46.7% of the subjects were found to
have blood pressures in the pre-hypertensive range.
It was observed in our study that the mean Vitamin
D level in controls was higher as compared to cases
(21.2+ 11.5 vs. 18.0 £ 6.3ng/ml). However there was
no significant difference between the groups as per
Student t-test (p>0.05).

Priya S et al,!??l cross sectional case—control study
establishing a causal association between Vitamin D
deficiency and HTN reported mean level of 25(0OH)
D among cases was 15.15 + 12.51 ng/ml, while
among controls, the corresponding value was 33.59
+ 16.69 ng/ ml. The difference was statistically
significant (P = 0.0001). Among cases, 80.4% were
Vitamin D deficient and 9.8% had insufficient levels
of Vitamin D. Among controls, 16.2% each had
Vitamin D deficiency and insufficiency.

It was observed in the present study that in controls,
8% npatients had Vitamin D deficiency while 24%
patients had Vitamin D sufficiency. In cases, 10%
patients had Vitamin D deficiency while 84%
patients had Vitamin D insufficiency. There was
significant difference between the groups as per Chi-
Square test (p<0.05).

Akbari R et al,”¥ case-control study investigating
the relationship between serum vitamin D level and
hypertension (HTN) in hypertensive subjects
reported mean of PTH serum level in two groups
showed no significant difference between the men of
the two groups; however, this difference was
significant between the females of both groups.
Serum vitamin D level was significantly higher in
patients with HTN than healthy group (P=0.001).
Proportion of serum 25-OHD deficiency,
insufficiency and sufficiency in patients were 27%,
40% and 33% and in the control group 40%, 53%
and 7% respectively.

The systolic and diastolic blood pressure values in
our study were significantly higher in cases as
compared to controls in Vitamin D deficient,
insufficient and sufficient patients. The association
of Vitamin D levels was found to be significant with
SBP and DBP values (p<0.05). This is comparable

(nnals of Intemational Medical and Dental Reseanch, Vel (5), Jssue (1)

Page 33

w
@D
o
=
o
=
®
=
=
5
@D




Kandala £ Bivadar; Plasma Vitamin D Levels as a Risk Factor in P

to the studies of Priya S et al,[?d Akbari R et al and
Martins D et al.2324

Discrepancies in relationship between serum vit D
across various studies may be attributed to several
factors including age, sex, ethnic characteristics, and
prevalence of coexisted comorbidities particularly
HTN and vit D deficiency in the general population
and the study groups. Additionally, several common
chronic diseases such as vitamin D deficiency,
diabetes, obesity, metabolic syndrome, and
hypertension are prevalent in this geographic
region.? These factors affect HTN and vitamin D
status differently.

For Vitamin D, a cut off 17.75 had highest
sensitivity 42.0% and specificity 40.0%. The area
under the ROC curve was low and cannot be a
predictor of hypertension. Similar observations were
noted in the studies of Priya S et al,?d Ke L et al,[*®!
Qi D et al,['8l and O’Callaghan KM et al.[?"!

Qi D et al,® prospective study and meta-analysis
determining the link between vitamin D
concentrations and incident hypertension reported
during a median follow-up of 2 years, 42.6% of the
cohort (n = 1047) developed hypertension.
Compared with the 25-hydroxyvitamin D >30ng/ml,
25-hydroxyvitamin D <20 ng/ml was associated with
a greater hypertension risk (OR: 1.225 [95% CI:
1.010 to 1.485] p = 0.04).

O’Callaghan KM et al®d interventional,
observational narrative systematic review evaluating
growing evidence of an association between low
maternal vitamin D status and increased risk of
hypertensive disorders reported conflicting data for
an association of vitamin D with gestational
hypertensive disorders in observational studies arises
from a number of sources including large
heterogeneity between study designs, lack of
adherence to standardized perinatal outcome
definitions, variable quality of analytical data for 25-
hydroxyvitamin D (25(OH)D), and inconsistent data
reporting of vitamin D status.

CONCLUSION

Low Vitamin D levels are risk factors for primary
hypertension. Despite the accumulating evidence of
a consistent link between vitamin D and blood
pressure, the questions still remain in relation to the
causality of this relationship. Further studies are
needed to determine whether this represents a causal
association. Large randomized controlled trials are
also needed to determine whether vitamin
supplementation may be beneficial in the prevention
or the treatment of hypertension. More research is
needed to further determine the role of 25-
hydroxyvitamin D in hypertension prevention and
therapy.

10.

11.

12.

13.

14.

15.

16.

17.

ypertension

REFERENCES

Guilbert JJ. The world health report 2002 - reducing risks,
promoting healthy life. Educ Health(Abingdon).
2003;16(2):230.

Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis J,
Watanabe S, et al. Is there a pathogenetic role for uric acid in
hypertension and cardiovascular and renal disease?
Hypertension. 2003;41(6):1183-90.

Patricia M Kearney, Megan Whelton, Kristi Reynolds, Paul
Muntner, Paul K Whelton, He J. Global burden of
hypertension--analysis  of  worldwide data.  Lancet.
2005;365:217-23.

Egan BM, Zhao Y, Axon RN. US Trends in Prevalence,
Awareness, Treatment, and Control of Hypertension, 1988-
2008. Jama [Internet]. 2010;303(20):2043-50. Available from:
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2
010.650

Barquera S, Campos-Nonato |, Hernandez-Barrera L,
Villalpando S, Rodriguez-Gilabert C, Durazo-Arvizl R, et al.
Hypertension in Mexican adults: results from the National
Health and Nutrition Survey 2006. Salud Publica Mex
[Internet]. 2010;52(January). Auvailable from:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0036
-36342010000700010&Ing=en&nrm=iso&tlng=en

Tu K, Chen Z, Lipscombe LL. Prevalence and incidence of
hypertension from 1995 to 2005: a population-based study.
Cmaj. 2008;178(11):1429-35.

Messerli FH, Williams B, Ritz E. Essential hypertension.
Lancet (London, England) [Internet]. 2007;370(9587):591—
603. Available from:
http://www.sciencedirect.com/science/article/pii/S0140673607
612999

Carretero. Clinical Cardiology: New Frontiers. Strategies.
2000;329-35.

Mullins LJ, Bailey MA, Mullins JJ. Hypertension, kidney, and
transgenics: a fresh perspective. Physiol Rev [Internet].
2006;86(2):709-46. Available from:
http://www.ncbi.nim.nih.gov/pubmed/16601272

Meneton P. Links Between Dietary Salt Intake, Renal Salt
Handling, Blood Pressure, and Cardiovascular Diseases.
Physiol Rev [Internet]. 2005;85(2):679-715. Available from:
http://physrev.physiology.org/cgi/doi/10.1152/physrev.00056.
2003

Holick MF. Vitamin D Deficiency. N Engl J Med [Internet].
2007;357(3):266-81. Available from:
http://www.nejm.org/doi/abs/10.1056/NEIJMra070553

Judd S, Tangpricha V. Vitamin D Deficiency and Risk for
Cardiovascular Disease.
Circulation[Internet].2008;117(4):503-11. Availablefrom:
http://www.ncbi.nlm.nih.gov/pubmed/18180395%5Cnhttp://w
ww.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC2726
624%5Cnhttp://circ.ahajournals.org/cgi/doi/10.1161/CIRCUL
ATIONAHA.107.706127

Ke L, Mason RS, Kariuki M, Mpofu E, Brock KE. Vitamin D
status and hypertension: A review. Integr Blood Press
Control. 2015;8:13-35.

Fraser A, Williams D, Lawlor DA. Associations of serum 25-
hydroxyvitamin D, parathyroid hormone and calcium with
cardiovascular risk factors: Analysis of 3 NHANES cycles
(2001-2006). PLOS One. 2010;5(11).

Sugden JA, Davies JI, Witham MD, Morris AD, Struthers
AD. Vitamin D improves endothelial function in patients with
Type 2 diabetes mellitus and low vitamin D levels. Diabet
Med. 2008;25(3):320-5.

Borja-Cacho D, Matthews J. NIH Public Access. Nano.
2008;6(9):2166-71.

Goswami R, Mishra SK, Kochupillai N. Prevalence &
potential significance of  vitamin D deficiency in Asian
Indians. Indian J Med Res. 2008;127(3):229-38.

(nnals of Intemational Medical and Dental Reseanch, Vel (5), Jssue (1)

Page 34

w
@D
o
=
o
=
®
=
=
5
@D




18.

19.
20.

21.

22.

23.

24,

25.

Kandala £ Bivadar; Plasma Vitamin D Levels as a Risk Factor in P

Qi D, Nie X, Wu S, Cai J. Vitamin D and hypertension:
Prospective study and meta-analysis. PLoS One [Internet].
2017;12(3):e0174298. Available from:
http://dx.plos.org/10.1371/journal.pone.0174298

Endocrinol LD. HHS Public Access. 2015;2(9):719-29.
O’Callaghan KM, Kiely M. Systematic review of vitamin D
and hypertensive disorders of pregnancy. Nutrients.
2018;10(3):1-18.

Vs R, Gp J, Ballala K, Ravi C, Ravi B, Gandhi P, et al.
Original article: A study on the prevalence of hypertension
among young adults in a coastal district of. 2015;(April):32-9.
Kumar S, Lahiri T. Enhanced external counterpulsation as an
effective nonsurgical solution for ischemic heart disease
patients. Hear India. 2017;5:55-60.

Akbari R, Adelani B, Ghadimi R. Serum vitamin D in
hypertensive patients versus healthy controls is there an
association? Casp J Intern Med [Internet]. 2016;7(3):168-72.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84990040793&partnerl D=40&md5=1eba809dca3chfo34d5f0
031a54884ef.

Martins D, Wolf M, Pan D, Zadshir A, Tareen N, Thadhani R,
et al. Prevalence of Cardiovascular Risk Factors and the
Serum Levels of 25-Hydroxyvitamin D in the United States.
Arch Intern Med [Internet]. 2007;167(11):1159. Available
from:
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/arc
hinte.167.11.1159

HagenauT,VestR,Gissel TN,PoulsenCS,ErlandsenM,Mosekild
eL,etal.GlobalvitaminDlevels in relation to age, gender, skin
pigmentation and latitude: An ecologic meta-regression
analysis. Osteoporos Int. 2009;20(1):133-40.

How to cite this article: Kandala SR, Biradar MS. A Study
of Plasma Vitamin D Levels as a Risk Factor in Primary
Hypertension: A Case Control Study. Ann. Int. Med. Den.
Res. 2019; 5(1):ME30-ME35.

Source of Support: Nil, Conflict of Interest: None declared

Unnals of Intewmaticnal Medical and Dental Reseanch, Vol (5), Tssue (1)

Page 35

w
D
o
=
o
=
@
=
=
-]
@




