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INTRODUCTION 

In both developing and developed countries, elevated 

arterial blood pressure is perhaps the most significant 

public health issue. It is widespread, often asymptomatic, 

readily observable, typically easily treatable and, if left 

untreated, frequently leads to lethal complications. 

According to the Framingham report, the prevalence of 

hypertension in the white suburban population is almost 

one-fifth of those with blood pressure>160/95 mm Hg, 

while almost half of those with blood pressure>140/90 mm 

Hg . The incidence is closely linked to age in females, with 

a large increase occurring after the age of 50. This rise is 

probably due to menopausal hormonal shifts. The 

hypertension incidence ratio in women to men therefore 

rises from 0.6 to 0.7 at the age of 30 to 1.1 to 1.2 at the age 

of 65.1  

In 2005, 2.3 million deaths were caused by cardiovascular 

diseases in India and this is expected to double by 2020. 

Hypertension is directly responsible for 57 percent of all 

deaths from strokes and 24 percent of all deaths in India 

from coronary artery disease. In India, the prevalence of 

hypertension was found to be 24 percent among men and 

17 percent among women in 2007.2  

Hypertension is known to occur when a person's systolic 

blood pressure is consistently greater than or equal to 140 
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ABSTRACT 

Background: In both developing and developed countries, elevated arterial blood pressure is perhaps the most 

significant public health issue. It is widespread, often asymptomatic, readily observable, typically easily treatable and, 

if left untreated, frequently leads to lethal complications. According to the Framingham report, the prevalence of 

hypertension in the white suburban population is almost one-fifth of those with blood pressure >160/95 mm Hg, while 

almost half of those with blood pressure >140/90 mm Hg. Aim and objectives were to estimate the efficacy of vitamin 

C as an add-on therapy to the antihypertensive regimen. 

Methods: The prospective comparative study was undertaken in mild to moderate hypertensive patients to find out the 

efficacy and tolerability of vitamin C as an add-on therapy to the standard anti-hypertensive regimen in the reduction 

of blood pressure and C-reactive protein levels. This study was done at the Saraswathi institute of medical sciences, 

Hapur, UP. 
Results: For Systolic BP as well as DBP, at baseline there was non-significant difference among all the four group with 

p value 0.28, whereas at all the visit at 1, 3 and 6 month there was significant difference among the four group with p 

value<0.01, <0.001 and<0.001.  

Conclusions: There was significant addon benefit of vit C when added with standard antihypertensive regimen.  
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mm Hg and/or their diastolic blood pressure is consistently 

greater than or equal to 90 mm Hg. The seventh report of 

the joint national committee on the prevention, diagnosis, 

assessment and treatment of high blood pressure recently 

identified pre-hypertension as blood pressure from 120/80 

mm Hg to 139/89 mm Hg. Pre-hypertension is not a form 

of illness; rather, it is a classification selected to classify.3 

Different symptoms will arise from untreated 

hypertension. Hypertension complications are associated 

either with sustained elevations in blood pressure, with 

consequent changes in the vasculature and heart, or with 

atherosclerosis preceded and accelerated by long-standing 

hypertension. Cardiac disorders are the primary causes of 

hypertension morbidity and mortality and a major aim of 

therapy is to avoid them. Left ventricular hypertrophy, left 

ventricular dysfunction, congestive heart failure, 

ventricular arrhythmia, myocardial infarction and sudden 

death are cardiac complications of hypertension.4 

Other complications of hypertension include stroke, 

especially intracerebral haemorrhage and ischaemic 

cerebral infarction, hypertensive retinopathy, hypertensive 

nephropathy, aortic dissection, etc. Many groups of 

theoretically available anti-hypertensive drugs are now 

available, five of which (ACE inhibitors, diuretics, beta 

blockers, calcium channel blockers, and angiotension 

receptor blockers (ARBs) are ideal for efficacy and 

tolerability-based single drug therapy. The first line of 

drug therapy of choice for the treatment of hypertension is 

ACE inhibitors.5 

It is increasingly recognised that inflammation and its 

mediators are involved in hypertension, cardiovascular 

pathophysiology, and atherogenesis. Inflammatory 

molecular plasma levels such as C-reactive protein (CRP); 

cytokines such as tumour necrosis factor- (TNF-) and 

interleukin-6 (IL-6); chemokines such as monocyte 

chemoattractant protein (MCP-1); and adhesion 

molecules, such as P-selectin and In patients with critical 

hypertension, leukocyte adhesion molecules, intercellular 

adhesion molecules (ICAM-1) are increased and increased 

CRP level has also been reported to be a predictor of 

potential cardiovascular diseases such as coronary artery 

disease occurrence, myocardial infarction and stroke.7-9  

In reducing the levels of C-reactive protein, which is a 

stronger indicator of potential cardiovascular and 

cerebrovascular risks, none of the standard anti-

hypertensive medicines have been found to be successful. 

As a good reducing agent, vitamin C, one of the water-

soluble vitamins, protects different organs against 

oxidising agents and decreases the oxidation of low-

density lipoproteins and prevents atheromatous plaque 

deposition and the occurrence of stroke. It helps to 

preserve vascular integrity through the effects of 

prostacyclines, antiplatelets, and vasodilators. By 

enhancing nitric oxide production in hypertensive patients, 

vitamin C improves endothelial based vasodilation.10  

This prospective comparative study is therefore 

undertaken to evaluate the effectiveness of vitamin C in 

blood pressure as an addition to therapy in the regular anti-

hypertensive regimen. 

Aims and objectives 

Aim and objectives were 1) this study is for estimate the 

efficacy of vitamin C as an add-on therapy to the 

antihypertensive regimen 2) this study is for examine the 

tolerability of vitamin C as an add-on therapy to the 

standard anti-hypertensive regimen in the management of 

mild to moderate hypertension.  

METHODS 

The study was undertaken in mild to moderate 

hypertensive patients to find out the efficacy and 

tolerability of vitamin C as an add-on therapy to the 

standard anti-hypertensive regimen in the reduction of 

blood pressure and C-reactive protein levels. This study 

was done at the Saraswathi institute of medical sciences, 

Hapur, UP  

Study design 

This study was a comparative prospective study.  

Study centre 

Saraswathi Institute of medical sciences, Hapur, UP   

Study period 

The study was carried out from November 2019 to Sept 

2020.   

Study population 

Patients attending the outpatient department of 

Department of Internal Medicine, Saraswathi Institute of 

medical sciences, Hapur  

Sample size  

120 patients    

Inclusion criteria  

Inclusion criteria were 1) patients in the age group of 18-

65 years 2) patients with mild to moderate hypertension 3) 

patients with body mass index (BMI) of 18-25  

 Exclusion criteria 

Exclusion criteria were 1) patients with any other active 

infection 2) patients with any history of surgery in the 

recent past 3 months 3) patients with history of 

malignancies 4) patients with evidence of gastrointestinal 
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tract, renal, endocrine, cardiovascular abnormalities and 

any other major systemic illness 5) pregnant and lactating 

women  

The study commenced after obtaining approval from the 

Institutional ethical committee.  

Patient recruitment   

The study method, purpose and its benefits were explained 

in detail to patients who attended the out-patient 

Department, Department of Internal Medicine, Saraswathi 

Institute of Medical Sciences, Hapur,  

Written informed consent was obtained in the specified 

format in the regional language prior to the execution of 

the research procedures from patients willing to participate 

in the study. If the patient is illiterate, look for a left thumb 

impression.  

This was done in the presence of impartial witness. 

Patients advised to come on next day at 8.00 A.M on empty 

stomach for screening procedure.   

Baseline visit 

Detailed medical history, blood pressure monitoring, 

estimation of C-reactive protein levels, physical and 

systemic evaluation and baseline demographic 

characteristics were reported for patients who gave written 

informed consent to participate in the study. For the 

haematological and serum biochemical tests, blood was 

drawn. We screened 580 patients.  

Recruitment and grouping  

Among 580 patients screened, 120 patients who fulfilled 

the inclusion and exclusion criteria were recruited for the 

study. The recruited 120 patients were randomized into 

four groups each consisting of 30 patients.  

Grouping 

 Group 1: Enalapril 5 mg BD   

 Group 2: Enalapril 5 mg BD +vitamin C 100 mg OD  

 Group 3: Enalapril 5 mg BD +vitamin C 250 mg OD  

 Group 4: Enalapril 5 mg BD + vitamin C 500 mg OD 

Total 120 patients with systolic blood pressure in the 140-

179 mm Hg range and diastolic blood pressure in the 90-

109 mm Hg range with C-reactive protein levels in the 10-

12 mg/dl range were recruited for the study out of 580 

patients screened.  

1) patient were given medication for two weeks 2) 

instructed to come fortnightly to collect the medication 3) 

patients were instructed to bring the empty foils at the end 

of 2 weeks to check the patients compliance  4) patient’s 

blood pressure was recorded 5) detailed medical history 

and clinical examination was done 6) blood samples were 

collected for the estimation of  C-reactive protein levels 

and routine hematological and biochemical parameters 7) 

patients were advised to report to the investigator as soon 

as possible in case of occurrence of any adverse effects 8) 

patients were instructed to report to the investigator in case 

of occurrence of any other illness and intake of other 

medications for the same.  This study was undertaken to 

find out the efficacy and tolerability of vitamin C as an 

add-on therapy to the standard anti-hypertensive regimen.  

RESULTS 

Out of 580 patients screened, 120 patients who fulfilled the 

inclusion and exclusion criteria were recruited for the 

study. They were randomized into four groups, group 1, 

group 2, group 3 and group 4, each consisting of 30 

patients.  

Table 1: Distribution of study subjects as per age. 

Groups N Mean 
Std. 

deviation 

ANOVA 

F-test 

Group 1 30 43.96 7.613 
 

F=0.49 

P=0.69 

Not 

Significant 

Group 2 30 45.30 8.203 

Group 3 30 46.50 7.550 

Group 4 30 45.04 7.881 

Total 120 45.20 7.758 

Table 1 shows distribution of study subjects as per age. In 

group 1, mean age was 43.96±7.61, group II 45.30±8.203, 

group III 46.5±7.55 whereas in group 4 45.04±7.88. On 

comparison we found non-significant difference with P 

value. 

Table 2: Comparison of SBP among all four group at different visit. 

Parameter 

Groups 

Test of significance Group 1 Group 2 Group 3 Group 4 

Mean SD Mean SD Mean SD Mean SD 

Baseline SBP 156.36 6.08 153.93 7.01 155.36 7.07 153.34 6.22 F=1.28 P=0.28 (NS) 

1-month SBP 152.36 5.24 147.28 6.16 146.67 6.37 143.04 7.29 F=11.09 P<0.01 (S) 

3-month SBP  148.93 5.34 143.32 7.16 142.39 7.34 131.34 3.47 F=44.62, P=0.001 (S) 

6-month SBP 136.39 7.27 126.32 17.77 119.37 19.54 118.68 3.42 F=10.65, P=0.001 (S) 
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Table 3: Comparison of DBP among all four group at different visit. 

Parameter 

Group 

Significance Group 1 Group 2 Group 3 Group 4 

Mean SD Mean SD Mean SD Mean SD 

Baseline DBP 89.98 3.75 88.87 3.12 89.08 3.01 90.03 3.47 
F=0.96, 

P=0.41(NS) 

1-month DBP 87.32 4.23 86.48 3.37 84.88 3.38 83.83 3.43 
F=5.63 

P=0.01(S) 

3-month DBP  83.79 3.64 83.11 2.88 82.97 2.67 78.28 2.17 
F=23.02 

P<0.01(S) 

6-month DBP 80.78 4.22 79.88 3.16 77.48 3.13 74.82 2.17 
F=20.25 

P=0.001(S) 

 

Table 2 shows comparison of SBP among all four group at 

different visit. At baseline there was non-significant 

difference among all the four group with p value 0.28, 

whereas at all the visit at 1, 3 and 6 month there was 

significant difference among the four group with p value 

<0.01, <0.001 and <0.001. 

Table 3 shows comparison of DBP among all four group at 

different visit. At baseline there was no significant 

difference among different groups in diastolic BP, whereas 

there was significant difference among all four groups at 

all 3 visit i.e 1, 3 and 6 months with p value<0.001. 

DISCUSSION 

The study was conducted in the Outpatient Department of 

Department of Internal medicine, Saraswathi Institute of 

medical sciences, Hapur. Out of 580 patients screened, 120 

patients who fulfilled the inclusion and exclusion criteria 

were recruited for the study. They were randomized into 

four groups, group I, group II, group III and group IV, each 

group consisting of 30 patients. Group I received Enalapril 

5 mg BD, group II received Enalapril 5 mg BD with 

vitamin C 100 mg OD, group III received enalapril 5 mg 

BD with vitamin C 250 mg OD and Group D Efficacy 

variables were assessed at baseline, at the end of the 1st 

month, at the end of the 3rd month, and at the end of the 

6th month of the study, such as systolic blood pressure, 

diastolic blood pressure and C reactive protein levels. 

Other haematological studies such as full hemogram, blood 

sugar, blood urea, serum creatinine, measures of liver 

function such as SGOT, SGPT, serum alkaline 

phosphatase, total bilirubin, total protein, albumin were 

performed at baseline, at the end of the first month, at 

baseline, at the end of the first month received enalapril 5 

mg BD with vitamin C 500 mg OD for a period of 6 months 

causes statistical significant reduction of systolic blood 

pressure of 11.15% at the end of 1st month, reduction of 

18.29% at the end of 3rd month and 24.73% at the end of 

6th month of the study.  

At the end of the 1st month, 7.17 percent at the end of the 

3rd month and 12.64 percent at the end of the 6th month of 

the study, 3.45 percent reduction in systolic blood pressure 

produced by Enalapril 5 mg BD. One analysis, comparing 

vitamin C supplementation of 500 mg/day for 1 month, 

showed a substantial decrease in systolic BP of 9.9 mm 

Hg.11 Another research found that once daily, vitamin C 

500 mg created a 9 percent drop in blood pressure after 4 

weeks of study.12-14 In this study, when a dose of 500 mg 

was given, with enalapril 5 mg BD causes statistical 

significant reduction of diastolic blood pressure of 12.72% 

at the end of 3rd month and 15.73% at the end of 6th month 

of the study. Enalapril 5 mg BD alone group produces 

reduction of diastolic blood pressure of 7.08% at the end of 

3rd month and 10.07% at the end of 6th month of the study. 

In our study, it has been found even though group III 

showed significant reduction of C reactive protein levels, 

only patients in group IV (vitamin C 500 mg) showed 

reduction of C reactive protein to the desirable level 

(<1mg/dl). 

In our study, it was observed that when administered with 

enalapril 5 mg BD, vitamin C at a dosage of 500 mg once 

daily induces a decrease in C reactive protein levels to 

49.47 percent at the end of the 1st month, 88.54 percent at 

the end of the 3rd month and 99.64 percent at the end of 

the 6th month, compared to enalapril 5 mg OD alone, in 

which the decrease in C reactive protein level was 0.27 

percent at the end of the 6th month. One study showed that 

ingestion of vitamin C 250 mg/day and 500 mg/day showed 

significant reduction of C reactive protein levels at the end 

of 2 months. 

Hence, it has been found even though vitamin C 100 mg 

and 250 mg group showed reduction of systolic and 

diastolic blood pressure, only patients in group 3 (vitamin 

C 500 mg) showed reduction of C reactive protein to 

desirable levels. Other hematological and biochemical 

parameters were measured at the baseline, at the end of 1st 

month, at the end of 3rd month and the end of 6th month 

and found to have no statistical difference among the study 

groups.  

CONCLUSION 

From our study, we conclude that vitamin C at the dose of 

500 mg OD as an add on therapy to enalapril 5 mg BD 

causes significant reduction of both systolic and diastolic 

blood pressure, vitamin C 500mg OD supplementation to 
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the standard anti-hypertensive drugs may produce better 

reduction of blood pressure, vitamin C 500 mg may be 

recommended as an adjuvant to regular anti-hypertensive 

regimen to reduce cardiovascular and cerebrovascular risks 

associated with hypertension. 
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