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Abstract
Objectives: To assess the impact of sociodemographic factors, lifestyle habits
and lipid proﬁle, associated with development of Essential Hypertension in
an urban population of North-Eastern region of India. Materials & Methods:
Hypertension was deﬁned as per Clinical Practice guidelines 2017. A total number of 400 subjects – 200 normotensive and 200 hypertensives were enrolled in
this case-control study. The subjects underwent Blood Pressure measurement,
anthropometric measurements and Electrocardiography. Detailed sociodemographic data, medical history and personal history were noted. Serum lipid
proﬁle was estimated for all the subjects. Statistical analysis was performed in
SPSSvs16. Findings: Among the 200 Normotensives 69 (17.2%) had elevated
BP. In the Essential Hypertensive group 24 (6%) were Stage 1 and 176 (44%)
were stage 2 hypertensives. A statistically signiﬁcant number of 88% (176)
hypertensive subjects were above 40 years of age (p value <0.001). Among
the socio-demographic factors high risk of hypertension was associated with
gender male [OR 1.59 (1.064, 2.402)], Body Mass Index≥25 [OR 2.98(1.986,
4.497)], sedentary work activity [OR 8.3 (5.124, 13.48)], extra salt intake [OR 1.99
(1.165, 2.584)], alcohol [OR 1.99 (1.084, 3.683)] and tobacco users [OR 2.1(1.374,
3.187)]. The serum lipids Cholesterol ≥ 200 mg/dl, triglycerides ≥150 mg/dl,
Low Density Lipoproteins ≥100 mg/dl and cholesterol: High Density Lipoprotein ratio >3 was signiﬁcantly associated with hypertension. Conclusion: The
present study highlights the association of age, high BMI, sedentary habits,
consumption of extra salt, alcohol, tobacco use and dyslipidemia as major
risk factors associated with Essential Hypertensive subjects in urban adults
in Assam. Novelty: The study highlights the diﬀerent predictors of Essential
Hypertension in North Eastern Indian urban adults.
Keywords: Essential hypertension; Blood pressure; Overweight; Extra salt
intake; Serum lipids; Sedentary activity
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1 Introduction
Hypertension or high blood pressure (BP) is a global health problem. Nearly 1.13 billion people worldwide have hypertension
and most people with high blood pressure are not aware that they have hypertension. (1)
Hypertension without any underlying cause it is labeled as Essential Hypertension (EH). Approximately 5% of patients with
hypertension have underlying renal, cardiac, arterial or endocrine disorder are classified as Secondary Hypertension (2) .
Uncontrolled EH leads to increased morbidity and mortality. It increases the risk of cardiovascular complications and
other organ diseases. Nearly 44% of premature deaths caused annually by major Non-Communicable diseases worldwide were
attributed to cardiovascular diseases (3) . Hypertension and dyslipidemia are major modifiable risk factors for cardiovascular
disease (CVD) (4,5) .
More recently it has been reported that hypertension was a common co-morbid condition associated with the ongoing
COVID-19 pandemic caused by severe acute respiratory corona virus -2 SARS-CoV-2 by several Chinese researchers (6,7) .
Considering the fact that majority of the COVID-19 patients with critical illness were elderly and hypertension is more frequently encountered in this age group, these findings may not reflect a causal role of hypertension in COVID-19 infection and
severity. The virus gains entry into cells by binding to the Angiotensin converting enzyme (ACE) 2 in the lungs. However, it is
still not clear whether the antihypertensive drugs ACE inhibitors and angiotensin –II type 1 receptor blockers are beneficial or
detrimental in COVID-19 infections (8,9) .
The prevalence of hypertension across the World Health Organization (WHO) region was highest in Africa at 46% and
lowest in America at 35% for both sexes (10) . In India the prevalence of the disease varies from 9.3% to 47.9% in different sets of
population of the country (11–15) . The prevalence of elevated BP in urban dwellers varied between 11.5% — 31.5% and that in
rural population from 10.6 % — 33.8% (12–14) .
In the state of Assam the prevalence of hypertension was reported to be 15% — 25% across the different districts in 2015 –
2016 (13) . In Assamese rural population the prevalence was reported to be 33.3% (16) . High BP was more frequent in Indians at
a younger age than western countries (17) .
With rapid urbanization, movement of people from rural to urban area, changes in eating habits and unhealthy lifestyle
has led to the emergence of hypertension as a major global disease. Association of various risk factors with hypertension like
overweight, smoking tobacco, alcohol intake, psychosocial stress and lack of physical exercise among others have been explored
by many researchers with varying results. The association between dyslipidemia and hypertension also varies significantly from
region to region in different population (18–22) .
Situated in the state of Assam, Guwahati is a rapidly expanding city in North Eastern region of India. As such along with
urbanization, the city populace is exposed to the risk factors of urban dwellers. The objective of the present case – control
study was to (i) assess the sociodemographic and lifestyle characteristics and (ii) To assess the serum lipid profile in Essential
hypertensive and Normotensive subjects residing in Guwahati City. The knowledge is relevant for the clinician and the patients
for planning management strategies for the patient, including lifestyle modification, rationale for use of lipid lowering drugs
and antihypertensive medication, thereby helping in prevention of CVD.

2 Materials and Methods
The present study was a case-control study carried out from April 2014 to March 2019. The study was approved by the Guwahati
University Institutional Ethics Committee.

2.1 Selection of patients
A total number of 400 participants with and without EH between 18 – 65 years who had been residing in Guwahati city for at
least last 5 years were randomly selected for the study. Hypertension was defined as Systolic BP ≥ 130 mm of Hg or DBP ≥ 80
mm of Hg as per published guidelines of American College of Cardiology (ACC)/American heart Association (AHA) 2017 (23) .
The participants were enrolled following measurement of office BP at the physician’s office. All the subjects were consented to
prior to enrolment.

2.2 Inclusion and exclusion criteria
Adult patients with newly detected hypertension and known cases of uncontrolled EH were included as cases. The control group
composed of healthy volunteers. All the subjects had a normal baseline Electrocardiogram (ECG). Patients with secondary
hypertension, hypertensive on lipid lowering drugs, children, pregnant women, individuals with cognitive disorders, cardiac
disease, hormonal imbalance or diseases like chronic kidney disease, neurological disorders, etc. were excluded from this study.
https://www.indjst.org/
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2.3 BP and anthropometric measurement
The BP recorded was the average of 2 readings taken 5-10 minutes apart after the subject had rested for 15 minutes. All the subjects underwent a general physical examination and anthropometric measurement. The Body mass Index (BMI) was calculated
using the formula weight in kilogram / square of height in meter. Subjects with BMI ≥ 25 were considered overweight.

2.4 Data collection
All data were collected using a pre-defined questionnaire. Information was collected on occupational status, socioeconomic
status (SES), personal history - use of extra salt (>5g/day), history of tobacco use — smoking and smokeless, alcohol consumption and physical activity. Ways of extra salt intakes was noted as over the table, fast food, processed food or any other form.
The subjects who were current and past alcoholics who had consumed alcohol/used any form of tobacco within last one year
were considered alcohol and tobacco users.

2.5 Biochemical analysis
For serum lipids estimation 4 ml of venous blood was collected from the participants in fasting state (overnight). Serum lipids
estimated were — cholesterol (CHOL) and Triglyceride (TGL) were estimated by enzymatic colorimetric methods; high density
lipoprotein cholesterol (HDLC) by direct selective inhibition method and low-density lipoprotein cholesterol (LDLC) by direct
solubilisation method. The cholesterol: HDLC ratio was calculated. Prevalence of dyslipidemia was assessed as per National
Cholesterol Education Program Expert Panel — Adult treatment Panel III (NCEP ATP iii) (4) .

2.6 Statistical analysis
The data were analysed using standard statistical methods using Statistical package for social sciences software (SPSS vs16)
whenever required. For continuous variables data were presented in mean ± standard deviation and compared using independentsamples t-test. The educational status, occupation, SES and physical activity were presented in numbers and percentage. Chi
square test was used to compare the distribution of categorical risk factors. The measure of association between risk factors
including lipid profile and hypertension was expressed in odds ratio (95% Confidence Interval). A binary logistic regression
was performed to assess the interaction between age, sex, BMI and serum lipids with hypertension. The statistical results were
considered significant at two-tailed p value <0.05.

3 Results
Out of total 400 subjects, majority of subjects were males (62%), 45.8% were overweight (BMI≥25), 12.75% consumed alcohol,
34.8% were tobacco-users and 27.3% consumed extra salt.
Highest number (42.5%) of subjects in the normotensive group was in the age group 36-45 years while maximum numbers
(45.5%) of hypertensives were in the age group 46-55 years and were males [ Table 1 ]. There was a significant difference in
the mean age (in years) of controls (41.24±7.74) and cases (46.09±6.46); t= 6.84(398), p < 0.05. A total number of 176 (88%)
hypertensive subjects and 114 (55%) normotensive subjects were aged ≥ 40 years. The risk of hypertension increased in the
subjects aged ≥ 40 years, with an OR 5.5 (3.322, 9.214) and p value<0.001(Data not shown).
The different categories of subjects in the present study as per ACA/AHA Clinical Practice Guidelines 2017 are shown in
Table 2. A total number of 126 (31.6%) subjects were unaware that they had elevated BP or EH. Of these 17.2 % had normal but
elevated BP and 14.3% had stage 1 or stage 2 HTN. The difference between mean SBP (in mm Hg) scores of controls (115±7.41)
and cases (153±12.8) and DBP (in mmHg) of controls (75.11±5.48) and cases (89.96±9.42) was significant with t = 36.18(398),
p<0.05 and t=18.95(398), p <0.05 respectively.
SES, educational status, occupational status and physical activity of hypertensive cases and normotensive controls are shown
in [ Table 3 ]. Overall combined (37.8%) and in both the groups — cases (37.5%) and controls (38%), majority of subjects were
well educated (professional/post graduates/graduates). Maximum number of subjects belonged to upper middle class (64.5%).
Unemployment was more frequent in the group cases (39%) compared to the control group (5%). 77.5% of the hypertensive
subjects were in the SES category of upper middle class. Sedentary physical activity was more common among the hypertensives
(58.5%) while 81.5% of the normotensives were moderately active. Type of physical activity had significant association with
hypertension.
Association of risk factors with EH is presented in [ Table 4]. Males were significantly more at risk of developing hypertension
than females - OR 1.59(1.064, 2.402), p value - 0.01. Other risk factors - (BMI≥25), extra salt intake, alcohol consumption,
https://www.indjst.org/
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Age (in years)

< 25

26-35

36-45

46-55

56-65

Gender

Table 1. Age- and gender-wise distribution of subjects
Normotensive
Hypertensive (n=200)
(n=200)

M
F
Total
M
F
Total
M
F
Total
M
F
Total
M
F
Total

0 (0)
3 (1.5)
3 (1.5)
29 (14.5)
23 (11.5)
52 (26)
53 (26.5)
32 (16)
85 (42.5)
27 (13.5)
27 (13.5)
54 (27)
4 (2.0)
2 (1.0)
6 (3)

0 (0)
1 (0.5)
1(0.5)
6 (3.0)
5 (2.5)
11 (5.5)
54 (27)
33 (16.5)
87 (43.5)
68 (34)
23 (11.5)
91 (45.5)
7 (3.5)
3 (1.5)
10 (5.0)

Total
(N=400)
0 (0)
4 (1)
4 (1)
35 (8.75
28 (7.0)
63 (15.7)
107 (26.8)
65 (16.2)
172 (43.0)
95 (23.8)
50 (12.5)
145 (36.3)
11 (2.8)
5 (1.2)
16 (4.0)

M: Male; F: Female; Data are number (percentage)

Table 2. Categorization of subjects as per ACA/AHA Clinical Practice Guidelines 2017
CategoryBP (in mmHg)
Male(n=248)
Female(n=152)
Total (n=400)
Normotensive
Normal(SBP<120 and DBP <80)
Elevated(SBP 120-129 and DBP<80)
Hypertensive
Stage 1 ( SBP 130-139 or DBP 80-89)
Stage 2( SBP ≥140 or DBP ≥ 90)

71 (28.6%)
42 (16.9%)

60 (39.5%)
27 (17.8%)

131(32.8%)
69(17.2%)

18 (7.3%)
117 (47.2%)

6 (3.9%)
59 (38.8%)

24 (6%)
176(44%)

SBP: Systolic blood pressure; DBP: diastolic blood pressure

tobacco use and sedentary work activity were significantly associated with increased risk of EH (p value < 0.05). The tobacco
use was in the form of zarda, khaini, ghutka, smoke and tobacco leaf with raw betel nut and betel leaf. Of the serum lipids,
except low HDLC (< 40 mg/dl in males and < 50 mg/dl in females) all the other parameters were significantly associated with
hypertension.
Logistic regression was performed to obtain a best fit model for variables age, gender, BMI and lipid profile on the likelihood
that participants have HTN. The model was statistically significant with chi square 178.675, df = 8, p<0.05. 81.5%, outcomes
CONTROL of variable DISEASE and 76.5% outcomes CASES were predicted correctly. Males were 1.78 times more likely to
have hypertension than females. Increasing age, BMI & serum triglycerides was associated with an increased likelihood of
suffering from HTN [ Table 5].

4 Discussion
In the present study, investigation was conducted on the relationships between socio-demographic characteristics, lifestyle
habits and serum lipid profile with EH, in an urban population of Assam. The results revealed hypertension was more frequent
in males. This was similar to the findings of other Indian studies (12,14,15,18,20) . An earlier report from Pudducherry did not report
any association between gender and HTN (24) . The risk of developing hypertension increased in subjects who consumed extra
salt, consumed alcohol, tobacco users and sedentary workers which was according to other reports (16,18,24,25) .
There has been a change in the categorisation of blood pressure from The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) to the recent guidelines followed by
ACA/AHA (26) . Most of the earlier reports were based on the JNC6 or JN7 classification (12–16,18,20,24) . In the recent guidelines
https://www.indjst.org/
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Parameter

Table 3. Education, occupation, SES and physical activity of the subjects
Normotensive
Hypertensive
(n=200)
(n=200)

Total
(N=400)

Education
Professional
Post graduate/Graduate
Higher secondary
High school
Middle school
Literate
Illiterate

5 (2.5)
71 (35.5)
61 (30.5)
30 (15)
06 (3 )
26 (13 )
01 (0.5)

4 (2)
71(35.5)
41(20.5)
44 (22)
21 (10.5)
14 (7)
5 (2.5)

9 (2.25)
142 (35.5)
102 (25.5)
74 (18.5)
27 (6.75)
40 (10 )
6 (1.5)

Occupation
Professional
Associate professional
Clerk/Shop/Farmer
Skilled worker
Semi-skilled worker
Unskilled worker
Unemployed

10 ( 5)
59 (29.5)
59(29.5)
23 (11.5)
02 ( 1)
37 (18.5)
10 (5)

6 (3)
49 (24.5)
27 (13.5)
27 (13.5)
7 (3.5 )
6 ( 3)
78 (39)

16 (4)
108 (27)
86(21.5)
50( 12.5)
9 (2.25)
43 (10.8)
88 (2.2)

SES
Upper
Upper middle
Lower middle
Lower

13 (6.5)
103 (51.5)
76 (38)
08 ( 4)

08 (4)
155 (77.5)
32 (16)
5 (2.5)

21 (5.3)
258 ( 64.5)
108 (27)
13 (3.2)

Physical activity
Sedentary
Moderate
Vigorous

29(14.5)
163(81.5)
8(4)

117(58.5)
74(37)
9(4.5)

146(36.5)
237(59.3)
17(4.2)

Data are number(percentage)

the SBP and diastolic BP has been fixed in the normal and elevated BP group to <120 mmHg and < 80mm Hg respectively. The
Pre-hypertension group (SBP 120-139 mmHg or DBP 80-89 mm Hg) in JNC7 with DBP >80 mm Hg is now labelled as Stage
1 HTN. The subjects with elevated blood pressure are more at risk of developing CVD and progressing to hypertension (23) .
The finding in the present study that 31.6% subjects were unaware of their elevated BP or hypertension status is a matter of
serious public health concern as it is a major risk factor for cardiac disease like heart attacks, atrial fibrillation, renal damage
and cognitive impairment (1,17) . Unawareness of BP status in the population was an important finding in other Indian studies
and varied from 20.8% to more than 50% of hypertensive cases (12,14) .
In the present study age above 40 years was a significant risk factor (OR: 5.5). Other studies from across the country have
reported significant correlation of hypertension with increasing age (12,15,16,18,24) .
Obesity is a major risk factor in the development of hypertension and CVD (16,18,21,27) . Our study showed significant association of overweight with hypertension. Subjects with BMI values ≥ 25 were more than 1.5 times at risk of developing hypertension. Blood pressure can be lowered by keeping the daily salt intake to less than 5 g/day, roughly equivalent to 1 teaspoon (28) .
Extra salt was consumed in the form of processed food, fast food, over the table and snacking. It is a fairly common practice
amongst Assamese people to consume green chillies and lemon slices with one or two extra pinches of salt. Earlier researchers
have also reported similar results (14–16) . . In our study risk of hypertension was higher (OR: 1.99) in extra-salt consumers.
Our study reported the educational level of majority of the subjects (88.5%) was above literate. Being a literate has become a
basic requirement to be eligible for many of the unskilled jobs. In contrast, earlier studies on Assamese population and aboriginal
https://www.indjst.org/
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Parameter
Gender –Male
BMI ≥ 25
Tobacco User(yes)
Alcohol(yes)
Extra Salt (yes)
Sedentary Work(yes)
Cholesterol ≥200 mg/dl(yes)
TGL ≥150 mg/dl (yes)
HDLC
< 40 mg/dl (male) (yes) <50
mg/dl(female)(yes)
LDLC ≥100 mg/dl (yes)
Cholesterol/HDLC > 3 (yes)

Table 4. Association of risk Factors with EH
Hypertensive*(N=200) Normotensive*
(N=200)

OR (95% CI)

P value

135(67.5)
118(59)
86(43)
33(16.5)
125(62.5)
117(58.5)
102(51)
95(47.5)
63(31.5)

113(56.5)
65 (32.5)
53(26.5)
18 (9.0)
95(47.5)
29(14.5)
49(24.5)
33(16.5)
74(37)

1.59(1.06-2.4)
1.71(1.39-2.08)
2.1(1.37- 3.18)
1.99 (1.08 -3.68)
1.99 (1.165, 2.584)
8.3 (5.124, 13.48)
3.27(2.09-4.9)
4.58(2.88-7.29)
0.78(0.52-1.18)

0.01
<0.001
<0.001
0.01
0.003
<0.001
<0.001
<0.001
0.12

158(79)
188(94)

134(67)
175(87.5)

1.85(1.18-2.91)
2.23(1.09-4.59)

0.003
0.01

OR: odds ratio; CI: Confidence Interval; BMI: Body mass index; TGL: Triglycerides; HDLC: High density lipoprotein; LDLC: Low density lipoprotein;
*Column Data are number (percentage)

Table 5. Logistic regression model for association of hypertension and age, gender, BMI and serum lipids using cases and controls as
dependent variable (N = 400)
B
Sig*
Exp(B) 95% CI
Age
Gender (Male)
BMI
Cholesterol
HDLC
TGL
LDLC

0.110
0.581
0.217
0.016
0.015
0.011
0.0

0.000
0.033
0.0
0.239
0.556
.001
0.982

1.117
1.788
1.242
1.016
0.985
1.011
1.0

1.077-1.157
1.05-3.046
1.148-1.343
0.989-1.044
0.938-1.035
1.004-1.018
0.975-1.026

CI: Confidence interval; *cut off p <0.05

Nicobarese tribe, the number of well-educated subjects was the lowest (16,29) . Lack of adequate physical activity is associated with
increased risk of non-communicable diseases (3) . We found that the subjects with sedentary lifestyle were at a very high risk of
hypertension (OR: 8.3) similar to the findings in earlier studies (12,14–16,24) .
According to WHO report, tobacco use and alcohol consumption are major risk factors in causation of Non-Communicable
disease epidemic worldwide (30) . Alcohol consumption (OR: 1.99) and tobacco use (OR: 2.0) was found to increase the risk of
hypertension in the study. Smokeless tobacco was the commonest form of tobacco used. Tobacco smoking had no significant
association with HTN and pre-hypertension in North Indian population study (15,18) . It wa s reported in an earlier study that risk
of hypertension was high among the exclusive smokeless tobacco users (31) . Significant association of alcohol consumption and
hypertension was reported by earlier researchers (12,14,15,29) .
Dyslipidemia has a strong association with Hypertension and CVDs (32) . A study on affluent North Indian population
reported significant association between TGL and HTN (16) . Other studies from Indore, Madhya Pradesh and Bangladesh
reported significant difference in means of CHOL, TGL, LDLC and HDLC of normotensives and hypertensives (20,21) . In the
present study the serum lipids cholesterol ≥ 200 mg/dl, TGL ≥ 150 mg/dl, LDLC ≥100 mg/dl (Optimal) and cholesterol/ HDLC
ratio > 3 were significantly associated with hypertension. We did not find any significant association between low HDLC levels
with EH. The regression model with best fit included variables age, sex, BMI and serum lipids. Increasing age, gender male,
BMI and serum TGL was associated with increased risk of EH. Lowering one unit of BMI reduced the odds of hypertension by
24.2%.

https://www.indjst.org/
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5 Conclusion
Our findings suggest that prevalence of undetected elevated BP was high in the apparently healthy urban dwellers in NorthEastern region of India. Age, overweight, behavioural habits and dyslipidemia were major risk factors associated with EH.
All healthy adults should undergo a health check-up at regular interval for early detection and management of BP. The major
contributors in causation of hypertension were modifiable risk factors, which could be controlled by lifestyle modification and
medication. In addition to a healthy and active lifestyle regular measurement of BP, estimation of serum lipids and continuation
of antihypertensive therapy in known hypertensives is essential for proper management and achieve control of BP and to prevent
CVDs.
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