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ABSTRACT

Hypertension affects over 1.2 billion individuals worldwide and has become the most critical and expensive public
health problem. It is a multifactorial disease involving environmental and genetic factors together with risk conferring
behaviours. Most cases of hypertension are idiopathic, where it is also known as essential hypertension. It has long
been suggested that an increase in salt intake increases the risk of developing hypertension. Hypertension is also
associated with atherosclerosis, coronary and cerebrovascular disease, diabetes and can lead to myocardial infarction,
stroke, renal failure, and consequent death if not detected early and treated appropriately. Hypertension can occur due
to many underlying causes, when it is known as secondary hypertension, mainly due to Cushing’s disease,
phaeochromocytoma, hyperthyroidism, renovascular disease, raised intracranial pressure, aortic coarctation and renal
parenchymal disease (1). It is a major contributor to the most common causes of morbidity and mortality in adult

populations.
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ABBREVIATIONS-

Tumour Necrosis Factor Alpha TNF a
American Heart Association AHA
American Medical Association AMA
Very Low Density Lipoprotein VLDL
Dietary Approaches to Stop Hypertension DASH
High Density Lipoprotein HDL
Interleukin 6 IL-6
Joint National Committee JNC
Low Density Lipoprotein LDL
Left Ventricle Hypertrophy LVH
Non Steroidal Anti Inflammatory Drug NSAID
Obstructive Sleep Apnea OSA
Body Mass Index BMI
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Systolic Blood Pressure SBP
Diastolic Blood Pressure DBP
Chronic Kidney Disease CKD

Hypertension is one of the most significant modifiable risk factors for cardiovascular disease and one of the main
causes of morbidity and mortality globally. In the 2017, the Global Burden of Disease Study performed a systematic
analysis, in which it was found that high systolic blood pressure (SBP) was the leading risk factor for mortality and
disability-adjusted life years (2)

The risk of cardiovascular illnesses is doubled by hypertension, these include coronary artery disease, congestive
cardiac failure (CHF), stroke, chronic kidney disease, and peripheral artery disease. It generally accompanies other
cardiovascular disease risk factors, and the impact of all associated factors raises the likelihood of developing
cardiovascular disease. 3)
Guidelines for BP measurement

The following are 7 strategies recommended by the AHA/AMA for accurate attainment of BP: 1) no conversation, 2)
empty bladder, 3) use correct cuff size, 4) place BP cuff on bare arm, 5) support arm at heart level, 6) keep legs
uncrossed, and 7) support back and feet (4).

Secondary Hypertension

Clinical clues that should raise suspicion for a secondary cause of hypertension include snoring/daytime sleepiness,
abrupt onset of hypertension, hypertension onset < 30 years of age, accelerated/malignant hypertension, abrupt loss
of BP control in a patient with prior BP control, use of BP raising substances such as
NSAIDs/amphetamines/immunosuppressive agents, resistant (taking 3 or 4 antihypertensive drugs, including a
diuretic and BP above goal or taking > 4 drugs, including a diuretic and BP below goal) or refractory hypertension
(taking > 5 drugs, including a diuretic, and BP above goal), unprovoked (not taking a diuretic) or excessive
hypokalaemia, and/or the onset of diastolic hypertension in older patients (> 65 years).

Risk factors for hypertension

The prevalence of hypertension increases with age in both males and females (5). Although men's blood pressure is
greater at younger ages than women's, women's blood pressure rises more quickly over the course of a decade.
Women have a higher mean blood pressure and prevalence of hypertension as compared to men. Race and ethnicity
also have an important role in the development of hypertension (6).

High sodium intake

In 2010, the PURE study estimated that on an average, 3,950 mg of sodium were consumed globally per day, which
is substantially more than the recommended daily consumption of less than 2,300 mg (7). Observational
epidemiological studies and randomised clinical trials have proven that there is a causal link between high sodium
intake and high blood pressure. The majority of observational studies were crosssectional and found a substantial link
between dietary salt intake and hypertension (8).

Low dietary potassium

The best available measure of potassium intake is the 24-hour urinary potassium excretion. Like sodium, 24-hour
urine potassium excretion varies greatly by region, with Europe and South America having the highest amounts and
Asia and Africa having the lowest values (9). An inverse association of dietary potassium intake has been found with
blood pressure levels and hypertension.
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Alcohol consumption

Several observational epidemiological studies have revealed that excessive alcohol use is a risk factor for high blood
pressure (10). According to the Atherosclerosis Risk in Communities Study, drinking alcohol and the risk of
developing hypertension have a J-shaped relationship (10). Alcohol intake was positively and linearly linked with
blood pressure in a large prospective cohort study of more than 500,000 Chinese people (11).

Lack of physical activity

According to a study that looked at trends in physical inactivity from 2001 to 2016, the prevalence of insufficient
physical activity, defined as less than 150 minutes per week of moderate-intensity activity or 75 minutes per week of
vigorous-intensity activity, or any equivalent combination of the two, was higher in women (31.7%) than in men
(23.4%) (12).

PATHOGENESIS

Increased peripheral arterial resistance is the hallmark of essential hypertension. he active component of arteriolar
resistance depends on the contraction of vascular smooth muscle cells. Structural changes in the wallto-lumen ratio
are termed vascular remodelling. Histopathological studies of gluteal arterioles mounted on wire myographs have
shown that resistance
vessels of hypertensive patients have a reduced lumen, an increased media-tolumen ratio, but a normal medial cross-
sectional area. Experimental evidence favours the notion that these morphological alterations arise as an adaptation to
the increased blood pressure through changes in the neurohumoral milieu, and that they amplify rather than cause
increase of blood pressure (13).

Inflammatory Markers in Hypertension

Whilst there is a distinction between primary inflammatory markers and vascular markers that may be indirectly
involved in the inflammatory process (inflammatory sensitive markers), the boundaries are somewhat blurred.
Nevertheless, there is an increasing evidence base to support a relationship between elevation in vascular inflammatory
markers and hypertension (14).
Highly sensitive C-Reactive Protein (CRP)

Highly sensitive CRP has evolved as the most robust and reproduceable marker of vascular inflammation and is
considered the prototypic downstream marker of inflammation (15).
Interleukin 6 and Interleukin-1b

IL-6 is a pleiotropic cytokine produced by T-cells, macrophages, and endothelial cells that has many diverse
physiological roles, including mediation of both proinflammatory responses and cyto-protective functions. IL-6
stimulates the synthesis of several acute-phase reaction proteins, including CRP, Serum amyloid-A and fibrinogen,
and counter regulates TNF-a and IL-1 b (16).

Tumour Necrosis Factor Alpha (TNF-a)

TNF-a is a 185 amino acid glycoprotein peptide hormone that is synthesized mainly by monocytes and macrophages.
TNF-a plays a significant role in the initial activation of the immune system (17)

SECONDARY HYPERTENSION

About 5-10% of hypertensive patients have an underlying cause. The main causes of secondary hypertension are
parenchymal renal disease, primary aldosteronism and renovascular hypertension. The identification of these patients
is important because it enables the etiological management of the underlying disease and in some cases leads to blood
pressure control without antihypertensive medications (18).
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MATERIAL AND METHODS

This open label, hospital based, prospective, cross-sectional, observational study was carried out in the medicine OPD,
nephrology OPD/ward, emergency department, and patients admitted in the medicine wards, coronary care unit and
critical care ward of Jawaharlal Nehru Medical College and Hospital, Aligarh Muslim University, Aligarh. A total of
164 patients were enrolled for the study. This study was conducted from December 2020 to October 2022.

Inclusion criteria:
a. All patients with newly diagnosed hypertension stages 1 and 2 as per Joint National Committee 8 (JNC 8) criteria.

b. Patients diagnosed with hypertension stages 1 and 2 as per Joint National Committee 8 (JNC 8) criteria who have
been started on antihypertensive therapy for less than 8 weeks duration.

Exclusion criteria:

a. Patients on antihypertensive therapy for more than 8 weeks of duration.
b. Congestive cardiac failure

c. Chronic kidney disease on haemodialysis

d. Malignancy

e. Moribund patients

f. Stroke

g. Pregnant patients

h. Patients on oral contraceptive pills or steroid therapy
i. Haemodynamically unstable patients (till stabilized)
j- Patients not giving voluntary consent for the study.

The study was approved by the Institutional Ethics Committee and the study was conducted as oer the standards of
Good Clinical Practice.

STATISTICAL ANALYSIS

All categorical variables were presented in the form of number and percentage (%). Quantitative data was presented
as the mean + SD and as median with 25th and 75th centiles (interquartile range). The following statistical tests were
applied for the results: a. The association of the variables which were quantitative in nature were analyzed using
independent t test (for two groups) and ANOVA test (for more than two groups). b. The association of the variables
which were qualitative in nature were analyzed using Chi-Square test. If any cell had an expected value of less than 5
then Fisher’s exact test was used. The data entry was done in the Microsoft Excel spreadsheet and the final analysis
was done with the use of Statistical Package for Social Sciences (SPSS) software, IBM manufacturer, Chicago, USA,
Ver 26.0. For statistical significance, p value of less than 0.05 was considered statistically significant.
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RESULTS
A total of 164 patients presenting with moderate to severe hypertension were enrolled in our study.

The characteristics were analysed and were evaluated for underlying secondary causes of hypertension.

Age group (years) X;;:rrtz:sion Severe Hypertension
<30 1 3

30-39 12 6

40-49 29 29

50-59 19 1

60-69 13 10

70-79 11 3

>80 3 0

TABLE 1

56.7% patients were males and 43.3% patients were females. In majority (56%) of patients, lifestyle was sedentary.
Mean value of age (years) of study subjects was 58.53 £ 5.67 with median (25th-75th percentile) of 50 (45-52.75)

30

B Moderate Hypertansion
M Severe Hypertension

20

Number of patients

10

<30 30-39 40-49 50-59 60-69 70-79 >30
Age groups

FIGURE 1
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The maximum age of patients in our study was found to be 90 years, and the minimum age was 16 years. The mean
age of our study population was 51.53 £ 12.7 years. In similar studies conducted in India, the mean age was 59.2 + 13
years (19).

Majority of the patients were young (between 40-49 years) (40%) followed by 24% in older age groups and only 4%
were in extremes of age.

The mean age of males included in study was lower than females i.e., 38.41 years in males as compared to 40.71 years
in females. This is similar to previous studies done in India and World (20). Male sex is one of the most consistently
confirmed risk factors for
hypertension. (21)

Majority of study population had sedentary lifestyle in our study (56%) as compared to active lifestyle (44%) as seen
in other similar studies such (22).

In the present study, it was found that the majority (53.33%) of patients had Normal BMI followed by Obese (24%),
Overweight (12%) and Underweight 10.67%. Mean value of body mass index (kg/m?) of study subjects was 22.59 +
3.34 with median (25th-75th percentile) of 22.04 (20.429-24.34). This was comparable to previous studies in patients
with essential hypertension (23).

Dyslipidaemia in our study was seen in 85.33% of patients which was similar to but was higher than few other studies
(24). This is due to different reference range taken for dyslipidaemia. Dyslipidaemia appears to be the cause of
essential hypertension in young South Asians.

Phosphate levels

In our study, it was observed that the mean phosphate levels were high (6.2 mg/dl) in patients with secondary
hypertension. This is higher than previous studies. This is because in our study, majority of patients with secondary
hypertension had renal parenchymal disease in which the phosphate levels increase due to decreased excretion from
the circulation (25).

LDL was high in 53.33% patients with a mean value of 68.46 + 23.70 with a positive skew deviation. The reason for
this is that patients with secondary hypertension had normal LDL levels and resulted in a positive skew deviation. The
mean was comparable to similar studies done in India (26)

HDL Levels

HDL was low in 76% patients which was similar to other such studies and mean HDL was 39.42 + 4.74 which was
similar in (27).

Triglyceride Levels

In majority (52%) of patients, Triglyceride(mg/dL) was High and mean value of Triglyceride (mg/dL) of study subjects
was 135.22 +39.96 as seen in (28)

Total Cholesterol Levels

Total cholesterol (mg/dL) was High in 53.33% patients and mean value of total cholesterol (mg/dL) was 134.93 +
27.38. Similar findings were seen in (29).

IL-6
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Our study suggested that the mean IL-6 level was elevated in all patients and was found to be 70.91 £+ 7.69 pg/ml,
with a range of 59 to 86. There was no significance between IL-6 levels among patients with moderate and with severe
hypertension (p > 0.05). This was comparable to previous studies (30)

TNF- a

In our study, it was observed that mean TNF-a level was elevated in all patients and was found to be 123.73 + 14.29
pg/ml, with a range of 102 to 159. There was no significance between TNF-a levels among patients with moderate
and with severe hypertension (p > 0.05). A similar result was found in previous studies (31)

Actiology of secondary hypertension

In our study, it was observed that 49% of patients with secondary hypertension had underlying renal parenchymal
disease, 27% of them had hypothyroidism, 8% of patients had hyperthyroidism, 5% of patients had Cushing’s
syndrome and Takayasu arteritis each, and 3% of them had phacochromocytoma, renal artery stenosis was found in
3% of the patients. These results were similar to previous studies done for evaluation of secondary hypertension (32)

8%

3%

27% 5%

5%
3%

49%

B Hyperthyroidism B Renovascular
M Cushing syndrome Takayasu arteritis
B Pheochromocytoma B Renal parenchymal disease

W Hypothyroidism

FIGURE 2
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Our study revealed that the mean age of the patients was 59.53 years and most common age group affected was 40 to
49 years showing aggravated risk with increasing age. Males were affected predominantly in young patients with
hypertension and at an earlier age than females. Dyslipidaemia (85.33%) was the most prevalent risk factor in young
patients, followed by Smoking (74.67%), Obesity (36%), Family history (24%), Hypothyroidism (17.33%) and
Diabetes Mellitus (10.67%). LDL was raised in majority (85.33%) of the patients and this was more than other similar
studies due to reference range used in our study was as per Asian population. HDL was low in 76% patients;
Triglyceride was high in 52% patients and Total Cholesterol was high in 53.33% patients. The most common cause of
secondary hypertension included renal parenchymal diseases (29%) and the second most common cause was found to
be hypothyroidism (6%). Inflammatory markers, Interleukin-6 (70.91 + 7.7) and Tumour Necrosis Factor- a (102 +
14.3) were found to be raised in all patients presenting with untreated hypertension, irrespective of the severity.

LIMITATIONS OF THE STUDY
The limitations of our study include the following:
» Inherent to the nature of observational study design, chances of potential residual confounders always persist.

» This was a single centre study, and the sample size was small. Therefore, the results require further validation from
larger multicentre prospective studies.
» As there was no follow-up, so short-term and long-term morbidity and mortality was uncertain.
» All causes of secondary hypertension could not be assessed as it was not affordable for most of the study population.

> Genetic framework could not be assessed due to financial constraints.

REFERENCES

1. Bakris GL, Sorrentino MJ. A Companion to Braunwald’s Heart Disease.2018

2. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, Abbafati C,
Abbasi N, Abbastabar H, Abd-Allah F, Abdela J. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of Disease Study 2017. The Lancet.
2018 Nov 10;392 (10159):1923-94

3. Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo DL, Loscalzo J,
eds. Harrison's Principles of Internal Medicine. 20th ed. McGraw Hill; 2018

4. Hernandez-Vila E. A review of the JNC 8 blood pressure guideline. Texas Heart
Institute Journal. 2015 Jun;42(3):226-8

5. Singh GM, Danaei G, Pelizzari PM, Lin JK, Cowan MJ, Stevens GA, Farzadfar F,
Khang YH, Lu Y, Riley LM, Lim SS. The age associations of blood pressure, cholesterol, and glucose:
analysis of health examination surveys from international
populations. Circulation. 2012 May 8;125(18):2204-11.

6. Dorans KS, Mills KT, Liu Y, He J. Trends in prevalence and control of hypertension
according to the 2017 American College of Cardiology/American Heart
Association (ACC/AHA) guideline. Journal of the American Heart Association.
2018 Jun 1;7(11):e008888.

7. Powles J, Fahimi S, Micha R, Khatibzadeh S, Shi P, Ezzati M, Engell RE, Lim SS,
Danaei G, Mozaffarian D, Global Burden of Diseases Nutrition and Chronic
Diseases Expert Group (NutriCoDE. Global, regional and national sodium intakes
in 1990 and 2010: a systematic analysis of 24 h urinary sodium excretion and
dietary surveys worldwide. BMJ open. 2013 Dec 1;3(12):¢003733

518



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833 VOL14, ISSUE 05, 2023

He J, Tell GS, Tang YC, Mo PS, He GQ. Relation of electrolytes to blood pressure
in men. The Yi people study. Hypertension. 1991 Mar;17(3):378-85.

Iwahori T, Miura K, Ueshima H, Tanaka-Mizuno S, Chan Q, Arima H, Dyer AR,
Elliott P, Stamler J. Urinary sodium-to-potassium ratio and intake of sodium and
potassium among men and women from multiethnic general populations: the
INTERSALT Study. Hypertension Research. 2019 Oct;42(10):1590-8.

Fuchs FD, Chambless LE, Whelton PK, Nieto FJ, Heiss G. Alcohol consumption
and the incidence of hypertension: The Atherosclerosis Risk in Communities Study.
Hypertension. 2001 May;37(5):1242-50

Millwood IY, Walters RG, Mei XW, Guo Y, Yang L, Bian Z, Bennett DA, Chen

Y, Dong C, Hu R, Zhou G. Conventional and genetic evidence on alcohol and
vascular disease aetiology: a prospective study of 500 000 men and women in
China. The Lancet. 2019 May 4;393(10183):1831-42.

Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient
physical activity from 2001 to 2016: a pooled analysis of 358 population-based
surveys with 1- 9 million participants. The lancet global health. 2018 Oct
1;6(10):e1077-86.

Kvist S, Mulvany MJ. Reduced medication and normalization of vascular structure,
but continued hypertension in renovascular patients after revascularization.
Cardiovascular research. 2001 Oct 1;52(1):136-42.

Bautista LE. Inflammation, endothelial dysfunction, and the risk of high blood
pressure: epidemiologic and biological evidence. Journal of human hypertension.
2003 Apr;17(4):223-30.

Venugopal SK, Devaraj S, Jialal I. Effect of C-reactive protein on vascular cells:
evidence for a proinflammatory, proatherogenic role. Current opinion in
nephrology and hypertension. 2005 Jan 1;14(1):33-7.

Tilg H, Dinarello CA, Mier JW. IL-6 and APPs: anti-inflammatory and
immunosuppressive mediators. Immunology today. 1997 Sep 1;18(9):428-32.
Kofler S, Nickel T, Weis M. Role of cytokines in cardiovascular diseases: a focus
on endothelial responses to inflammation. Clinical science. 2005 Mar 1;108(3):205-
13.

Anagnostis P, Karagiannis A, Tziomalos K, Athyros VG, Kita M, Mikhailidis DP.
Endocrine hypertension: Diagnosis and management of a complex clinical entity.
Curr Vasc Pharmacol 2010; 8: 646-60

Gupta R, Gaur K, S Ram CV. Emerging trends in hypertension epidemiology in
India. ] Hum Hypertens. 2019 Aug;33(8):575-587.

McEniery CM, Wilkinson IB, Avolio AP. Age, hypertension and arterial function.
Clinical and Experimental Pharmacology and Physiology. 2007 Jul;34(7):665-71.
Sandberg K, Ji H. Sex differences in primary hypertension. Biology of sex
differences. 2012 Dec;3(1):1-21.

Diaz KM, Shimbo D. Physical activity and the prevention of hypertension. Current
hypertension reports. 2013 Dec;15(6):659-68.

Jiang SZ, Lu W, Zong XF, Ruan HY, Liu Y. Obesity and hypertension.
Experimental and therapeutic medicine. 2016 Oct 1;12(4):2395-9.

Halpern A, Mancini MC, Magalhides ME, Fisberg M, Radominski R, Bertolami
MC, Bertolami A, de Melo ME, Zanella MT, Queiroz MS, Nery M. Metabolic
syndrome, dyslipidemia, hypertension and type 2 diabetes in youth: from diagnosis

519



25.

26.

27.

28.

29.

30.

31.

32.

Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833 VOL14, ISSUE 05, 2023

to treatment. Diabetology & metabolic syndrome. 2010 Dec;2(1):1-20.

Wong SK. A Review of Current Evidence on the Relationship between Phosphate
Metabolism and Metabolic Syndrome. Nutrients. 2022 Oct 27;14(21):4525.

Cicero AF, Rosticci M, Baronio C, Morbini M, Parini A, Grandi E, D'Addato S,
Borghi C, Brisighella Heart Study Group. Serum LDL cholesterol levels and new
onset of arterial hypertension: an 8 year follow up. European journal of clinical
investigation. 2014 Oct;44(10):926-32.

Halperin RO, Sesso HD, Ma J, Buring JE, Stampfer MJ, Michael Gaziano J.
Dyslipidemia and the risk of incident hypertension in men. Hypertension. 2006 Jan
1;47(1):45-50.

Choi JW, Park JS, Lee CH. Interactive effect of high sodium intake with increased
serum triglycerides on hypertension. PloS one. 2020 Apr 16;15(4):¢0231707
Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R, Obarzanek E, Ernst
ND, Horan M. Body mass index and the prevalence of hypertension and
dyslipidemia. Obesity research. 2000 Dec;8(9):605-19.

Stefanadi E, Tousoulis D, S Androulakis E, Papageorgiou N, Charakida M, Siasos
G, Tsioufis C, Stefanadis C. Inflammatory markers in essential hypertension:
potential clinical implications. Current vascular pharmacology. 2010 Jul
1;8(4):509-16.

Mehaffey E, Majid DS. Tumor necrosis factor-a, kidney function, and
hypertension. American Journal of Physiology-Renal Physiology. 2017 Oct
1;313(4):F1005-8.

Charles L, Triscott J, Dobbs B. Secondary hypertension: discovering the underlying
cause. American family physician. 2017 Oct 1;96(7):453-61.

CONFLICTS OF INTEREST

None

520



