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Abstract 
Aim: To explore the link between Vitamin D and cellular senescence measured with the enzyme 
telomerase in pre-HTN. 
Methodology: After obtaining the institute ethics committee clearance from Shri Ramakrishna 
Institute of Medical Sciences and Sanaka Hospital, volunteers were recruited from medical 
students. Inclusion criteria for the pre-hypertensive group (pre-HTN) (n = 50) were both genders 
between 18 and 25 years of age with SBP between 120 and 139 mmHg and DBP between 80 and 
89 mmHg in apparently healthy individuals. The controls (n = 50) population were healthy 
individuals with 18–25 years of age with SBP between 100 and 119 mmHg and DBP between 60 
and 79 mmHg. The volunteers were asked to not participate in heavy exercises, not drink alcohol 
and coffee 1 day before the data collection. Baseline, anthropometric parameters were recorded 
before recording of the BP by sphygmomanometer as per standard protocol. Then, 5 ml of blood 
was collected, allowed to clot, and subjected to centrifugation to separate the serum. Serum was 
stored at ‒80°C for processing of Vitamin D and telomerase levels as per the instructions provided 
in the commercially available kits.  
Results: The study population included 100 apparently healthy individuals. 50 were pre-
hypertensive with the age of 20.65±1.56and the age of controls was 19.98±1.25. Among 50 in each 
group, 28 males, 22 females in pre-HTN group and 26 males, 24 females in the control group. A 
significant difference was not found between-group differences in height and waist-hip ratio. 
Significantly low levels of Vitamin D (P < 0.001) and high telomerase (P < 0.001) were seen in 
pre-HTN group when compared to controls. Low levels of Vitamin D have no correlation with 
BMI, waist-hip ratio, DBP, and MAP. However, significant correlation was seen with HR, SBP, 
PP, RPP, and telomerase. High telomerase levels have correlation with waist-hip ratio, SBP, DBP, 
MAP, and RPP but no significant correlation was seen with BMI, HR, and PP. 
Conclusion: From this study, it can be concluded that reduced Vitamin D levels in pre-HTN may 
cause derangements of cardiovascular homeostatic mechanism, enhance the speed of cellular 
senescence measured by telomerase. 
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Introduction 
Hypertension is a common health problem, 
one of the leading costs to the health care 
system, and a significant cause of mortality 
and morbidity worldwide [1]. Hypertension 
is also one of the most common and 
influential risk factors of cardiovascular 
disease including myocardial infarction, 
cerebral stroke, congestive heart failure, 
peripheral vascular disorders and kidney 
disease [2]. It has been estimated that 
eliminating high blood pressure would 
reduce the occurrence of stroke by 35% and 
heart attacks by 18% [3, 4]. To reduce the 
burden of hypertension, a multicomponent 
lifestyle intervention that includes weight 
loss, increased physical activity, restricted 
sodium and alcohol consumption, and 
adherence to a Dietary Approach to Stop 
Hypertension like diet with plenty of fruits, 
vegetables, and low-fat dairy items and little 
saturated fat is needed [5]. Moreover, 
improved vitamin D status has been proposed 
as an easily modifiable risk factor [6].  
According to many reports in India, there is 
70–100% deficiency of Vitamin D, playing 
pivotal role in a higher risk of development 
of bone diseases and several non-
communicable diseases like cancer, 
metabolic diseases, and cardiovascular 
pathologies, [7] playing role as a major cause 
for higher health-care burden on Indian 
health-care system [8]. At a cellular level, 
vitamin D exerts antihypertensive effects 
through improved endothelial function [9-
11], reduced production of pro-inflammatory 
cytokines [12], reduced activity of the renin-
angiotensin-aldosterone system and reduced 
levels of parathyroid hormone [13-15]. 
In May 2003, the joint national commission 
(JNC 7), to emphasize the perception of close 
abnormal blood-pressure levels, introduced 
the term pre-hypertension (pre-HTN) which 
described as 120–139 mmHg of systolic 
blood pressure (SBP) of 80–89 mmHg of 

diastolic blood pressure (DBP) [16,17]. It 
helps such pre-HTN individuals could 
modify their lifestyle to postpone 
hypertension [18]. Reports have 
demonstrated that pre-HTN caused higher 
risk if cardiovascular morbidity independent 
to other risk factors [17,19]. Many original 
research articles, reviews, and meta-analyses 
reported the pre-HTN prevalence in varied 
groups and its relation with risks and benefits 
of treatment in cardiovascular diseases. The 
prevalence of pre-HTN in India ranges from 
20 to 80% [20,21].  
Observational studies consistently find an 
association between lower serum 25-
hydroxyvitamin D (25(OH)D) 
concentrations and higher blood pressure 
levels [11]. However, there have been 
conflicting results from trials investigating 
vitamin D supplementation as an intervention 
to improve blood pressure [23]. Information 
on the importance of vitamin D in cellular 
senescence in individuals with pre-HTN was 
not available. Hence, in this study, we 
planned to explore the link between Vitamin 
D and cellular senescence measured with the 
enzyme telomerase in pre-HTN. Further, an 
attempt was made to describe the importance 
of vitamin D in blood pressure. 

Materials and Methods 
After obtaining the institute ethics committee 
clearance from Shri Ramakrishna Institute of 
Medical Sciences and Sanaka Hospital, 
volunteers were recruited from medical 
students. Inclusion criteria for the pre-
hypertensive group (pre-HTN) (n =50) were 
both genders between 18 and 25 years of age 
with SBP between 120 and 139 mmHg and 
DBP between 80 and 89 mmHg in apparently 
healthy individuals. The controls (n = 50) 
population were healthy individuals with 18–
25 years of age with SBP between 100 and 
119 mmHg and DBP between 60 and 79 
mmHg.  
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Individuals suffering from diabetes, 
hypertension, endocrine disorders, kidney 
diseases, and hypertensive patients already 
receiving medication were not considered to 
take part in this research.  
The volunteers were asked to not participate 
in heavy exercises, not drink alcohol and 
coffee 1 day before the data collection. 
Baseline, anthropometric parameters were 
recorded before recording of the BP by 
sphygmomanometer as per standard 
protocol.[24] Then, 5 ml of blood was 
collected, allowed to clot, and subjected to 
centrifugation to separate the serum. Serum 
was stored at ‒80°C for processing of Vit-D 
and telomerase levels as per the instructions 
provided in the commercially available kits.  
Statistical analysis was done to analyze the 
data. To study the between-group 
differences, independent t-test, to assess the 
correlation of vitamin D with telomerase and 

other parameters, Pearson’s correlation 
coefficient analysis was applied. 
Results 
The study population included 100 
apparently healthy individuals. 50 were pre-
hypertensive with the age of 20.65±1.56and 
the age of controls was 19.98±1.25. Among 
50 in each group, 28 males, 22 females in pre-
HTN group and 26 males, 24 females in the 
control group. A significant difference was 
not found between-group differences in 
height and waist-hip ratio. However, pre-
HTN group subject’s BMI (P < 0.001) and 
weight (P < 0.001) was more compared to 
controls. In pre-HTN group, significantly 
higher HR (P < 0.001), SBP (P < 0.001), 
DBP (P < 0.001), MAP (P < 0.001), and RPP 
(P < 0.001) were seen when compared to 
controls. No significant difference was seen 
in PP but it was slightly high in pre-HTN 
group and negatively associated with 
Vitamin D. 

Table 1: Comparison of anthropometric characteristics between pre-HTN and controls 
Parameter Pre-HTN (n=50) Controls (n=50) P-value 
Age 20.65±1.56 19.98±1.25 0.465 
Gender (male/female) 28/22 26/24 NA 
Height (cm) 170.29±9.82 166.72±7.48 0.398 
Weight (kg) 65.46±10.36 58.46±8.46 <0.001 
BMI (k/m2) 25.15±4.74 22.74±4.82 <0.001 
Waist to hip ratio 0.92±0.10 0.87±0.08 0.487 

Table 2: Comparison of cardiovascular parameters between pre-HTN and controls 
Parameter Pre-HTN (n=50) Controls (n=50) P-value 
HR (BPM) 89.46±5.75 80.46±4.83 <0.001 
SBP (mmHg) 126.15±4.86 114.2±4.57 <0.001 
DBP (mmHg) 85.64±4.06 74.36±3.96 <0.001 
PP (mmHg) 40.74±5.98 39.02±5.54 0.180 
MAP (mmHg) 96.54±2.88 89.78±3.74 <0.001 
RPP 10943.86±706.74 9084.72±492.85 <0.001 

Significantly low levels of Vitamin D (P < 0.001) and high telomerase (P < 0.001) were seen in 
pre-HTN group when compared to controls. Low levels of Vitamin D have no correlation with 
BMI, waist-hip ratio, DBP, and MAP. However, significant correlation was seen with HR, SBP, 
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PP, RPP, and telomerase. High telomerase levels have correlation with waist-hip ratio, SBP, DBP, 
MAP, and RPP but no significant correlation was seen with BMI, HR, and PP. 

Table 3: Comparison of Vitamin D and telomerase levels between pre-HTN and controls 
Parameter Pre-HTN (n=50) Controls (n=50) P-value 
Vitamin D (ng/ml) 16.28±4.28 21.02±6.28 0.051 
Telomerase (IU/ml) 36.88±17.92 7.04±5.91 <0.001 

 
Discussion 
Vitamin D deficiency has recently emerged 
as a public health problem, affecting almost 
50% of the population worldwide [25]. In 
addition to the reduced exposition to sunlight 
[26], also genetic and environmental factors 
have been suggested as a cause of this 
pandemic, such as pollution, diet, sedentary 
life style and stress [27]. Moreover, vitamin 
D is no longer considered as only a pivotal 
mediator of calcium metabolism and skeletal 
health, but it also regulates several cell 
functions, including differentiation and 
metabolism. This aspect may explain the 
reason why hypovitaminosis D has been 
proved to be an independent risk factor for 
overall mortality in various cohort 
analyses[28], whereas vitamin D 
supplementation significantly reduced 
mortality [29]. 
Although the effects of vitamin D on blood 
pressure have been known for several 
decades, some physiological aspects on the 
modulation of vascular cells and the vascular 
tone still remain to be clarified. Martins et al 
[30] showed an increased prevalence of 
hypertension associated with low serum 25 
(OH) vitamin D levels in 15088 subjects from 
this cohort. Forman et al [31] firstly reported 
an increased risk of incident hypertension in 
1811 subjects selected from these two 
matched cohorts at 4-year follow-up (pooled 
RR = 3.18, 95%CI: 1.39-7.29, P < 0.05). In 
addition, the investigators extended this risk 
prediction, as a surrogate, to the overall study 
population including 38388 man from HPFS 
(adjusted RR = 2.31, 95%CI: 2.03-2.63, P < 
0.05) and 77531 women from the NHS 2 

(adjusted RR = 1.57, 95%CI: 1.44-1.72, P < 
0.05). Afterwards, the same authors also 
designed a prospective nested case-control 
study including 1484 normotensive women 
from the NHS 2 that confirmed the previous 
results (inter-quartile OR = 1.66, 95%CI: 
1.11-2.48, P value for trend = 0.01)[32]. 
This study volunteers had no statistically 
significant variations in their age, height, and 
waist-hip ratio. Weight and body mass index 
were significantly high in the pre-HTN group 
when compare to age-matched and gender-
matched controls. HR, SBP, DBP, PP, MAP, 
RPP, and telomerase levels were high, 
Vitamin D levels were low in the pre-HTN 
group. Low Vitamin D levels were negatively 
correlated with telomerase, HR, SBP, and PP 
and it was independent of age, gender, BMI, 
and hip-waist ratio. 
Earlier reports have shown that higher 
Vitamin D is related to longer telomere 
length, which underscores the conceivably 
advantageous impacts of this hormone on cell 
senescence and age-related conditions [33]. 
In this study, cellular senescence was 
assessed using telomerase. This enzyme 
attempts to inhibit the process of telomere 
shortening [34]. Since the cell telomere loss 
appears to result from cell division just to a 
fractional degree, different components, 
particularly oxidative stress, were attested to 
assume a job in the expanded rate for 
shortening of telomeres [35]. The exact 
mechanism by which lower Vit-D levels are 
associated with this cellular senesce is 
hypothesized dependent on the perceptions 
recommends that the degrees of the 
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telomerase may really be related to oxidative 
stress, with higher oxidative stress prompting 
higher telomerase levels. Cells of nearly 
complex organism may not have an ability to 
divide. This marvel was depicted by Hayflick 
in 1961 [36]. The quantity of potential 
divisions – around fifty – was named the 
“Hayflick Limit” and at times is called cell 
senescence. Just because it was valued that 
cells could be mortal (typical cells) or 
unfading (tumor cells). The results of our 
study showed an association between Vit-D 
and BP is consistent with previously 
conducted studies [37,38] and stretch out the 
relationship to pre-HTN, a prior stage when 
essential anticipation is powerful.  

Conclusion 
From this study, it can be concluded that 
reduced Vitamin D levels in pre-HTN may 
cause derangements of cardiovascular 
homeostatic mechanism, enhance the speed 
of cellular senescence measured by 
telomerase. 
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