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Background & objectives: Urban Indians have a high prevalence of insulin resistance, hypertension and
cardiovascular disease. We studied the prevalence of pre-hypertension and hypertension, as well their
association with cardiovascular risk factors, in a north Indian upper socio-economic population.

Methods: A total of 1746 adults (age >30 yr) residing in an urban colony of high-income group residents in
the city of Lucknow, north India, were invited to be enrolled for the study. The response rate was 64 per
cent (n=1112). Blood pressure, anthropometry, plasma glucose in response to oral glucose tolerance test
and lipids were measured. The variables contributing significantly to pre-hypertension and hypertension
were analyzed by multiple logistic regression analysis.

Results: The age and sex adjusted prevalence of hypertension was 32.2 per cent and pre-hypertension
was 32.3 per cent. In contrast to hypertension, which was highest in the age group 60-69 yr (64%), pre-
hypertension was highest (36%) in the group 30-39 yr. There was a high prevalence of cardiovascular
risk factors in the general population [central obesity (86.7%), elevated LDL cholesterol (22.8%),
abnormal glucose tolerance (41.6%) and smoking (20.3% of males)]. Two or more of the cardiovascular
risk factors were present in a higher proportion of hypertensive [66%, odds ratio (OR) 3.0, P<0.0001]
and pre-hypertensive, (56%, OR 2.0, P<0.0001) compared to normotensive subjects (39%). Subjects
with pre-hypertension had body mass index, waist-hip ratio and frequency of glucose intolerance,
which was intermediate between normotensive and hypertensive subjects. In multiple logistic regression
analysis, increasing age, body mass index, waist hip ratio and impaired glucose tolerance/diabetes were
independent risk factors for both hypertension and pre-hypertension.

Interpretation & conclusions: A high prevalence of pre-hypertension and hypertension were noted in
affluent urban north Indians. Increasing age, body mass index, central obesity and impaired glucose
tolerance/diabetes were significantly associated with both hypertension and pre-hypertension. Pre-
hypertension was associated with an increased prevalence of cardiovascular risk factors.
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Hypertension affects nearly 26 per cent of the adult cerebrovascular accidents and death**. The Seventh
population worldwide!. Hypertension is an important Report of the Joint National Committee on Prevention,
independent predictor of cardiovascular disease, Detection, Evaluation, and Treatment of High Blood
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Pressure (JNC7) defines hypertension as blood pressure
>140/90 mmHg. Persons with blood pressure above
optimal levels, but not clinical hypertension (systolic
blood pressure of 120-139 mm Hg or diastolic blood
pressure of 80-89 mm Hg), are defined as having “pre-
hypertension’™. Persons with pre-hypertension have a
greater risk of developing hypertension than do those with
lower blood pressure levels®. In addition, pre-hypertension
is associated with increased risk of major cardiovascular
events, independent of other cardiovascular risk factors’.

The prevalence of cardiovascular diseases and
hypertensionisrapidly increasing in developing countries®.
This increase, most marked in the urban population,
is likely to be related to changing life-styles and to an
increased longevity. Cardiovascular diseases are estimated
to have led to 1.59 million deaths in India in the year 2000
and this figure is projected to increase to 2.03 million for
the year 20103°. Hypertension has been reported to be
responsible for 57 per cent of all stroke deaths and 24 per
cent of all cardiovascular deaths in East Asians'’. Earlier
studies in the Indian urban population (albeit using older
WHO guidelines i.e., blood pressure >160/95 mmHg)
reported the prevalence of hypertension as 1.2-4.0 per
cent''. Subsequent studies report an increasing prevalence
and current data suggest that hypertension affects nearly
25 per cent of urban Indians'"*. However, there are only
a few studies on the prevalence and risk factors for pre-
hypertension in Indians'*'®. Shanthirani e al reported a
47 per cent prevalence of pre-hypertension among urban
residents in Chennai who were >18 yr!, while in a survey
in an industrial population, Prabhakaran et al'® reported
pre-hypertension in 44 per cent'>.

In contrast to developed economies, the risk
of metabolic and cardiovascular diseases (CVD) is
reported to be highest in affluent urban sections of
the population in third world countries®’. It has been
reported that type 2 diabetes (T2DM) is higher in
upper socio-economic strata compared with those in
lower strata!”. However, such data are not available
for hypertension or pre-hypertension. Studies targeting
high socio-economic groups would provide an estimate
of the future magnitude of the problem and assist in
developing strategies for control of hypertension and
CVD. We therefore estimated the prevalence and
risk factors for hypertension and pre-hypertension in
affluent urban population in a north Indian city.

Material & Methods

Patients: A study was conducted between July and
December 2003 to determine the prevalence of

different components of the metabolic syndrome
(including hypertension) in an affluent urban Indian
population. A representative urban colony (Ashiana
colony) of high-income group residents in the city
of Lucknow, north India, was chosen for the study.
High-income group was defined on the basis of
occupation (businessmen, professionals, government
class 1 officers and their family members), education
(college) and self-ownership of a house in a high
income group colony. Rapport with the community
was built by public lectures and the local residents
association was actively involved in the project.
Assuming a prevalence of hypertension 20 per cent'’,
a sample size of 1082 was calculated to give the true
prevalence with a precision of 2 per cent with 90 per
cent of confidence level. All subjects aged >30 yr were
invited to participate in the study. Pregnant women,
disabled and acutely ill subjects were excluded from
the study. Informed written consent was obtained
from all subjects and the study was approved by the
institutional ethics committee.

All eligible subjects (n=1746) were called by
an appointment to a local community center after an
overnight fast. A total of 1112 subjects participated,
giving a response rate of 64 per cent. Three attempts,
including a personal visit by a social worker, were
made to contact eligible subjects prior to labelling
them as non-responders. The subjects who responded
had a similar age (49.8 = 11.5 yr, range 30-90 yr vs.
47.0 £ 11.6 yr, range 30-85 yr), sex ratio (male/female
= 1.0 vs. 0.96) and occupations as compared to non-
responders. For each subject, a detailed history was
taken followed by anthropometric measurements.
Previous history of cardiovascular disease (angina,
acute myocardial infarction) was based on the treating
physician’s notes or prescription details. Details of
previous blood pressure measurements and treatment
of hypertension were recorded. A random selection of
subjects (n=473) was done for assessment for physical
activity, using a questionnaire previously validated in
Indian subjects'®.

Blood pressure (systolic and diastolic phase V of
Korotkoff) was measured using a standard mercury
sphygmomanometer in the right arm in a sitting
posture, after at least 5 min of rest. It was repeated after
5 min and the second reading was used for analysis.
Blood pressure was measured only by the physicians
in the study and two identical sphygmomanometers
(Diamond, Industrial Electronic and Allied Products,
Pune) were utilized. Blood pressure variation was
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between 2-4 mm of Hg. Height was measured using a
Harpendon stadiometer (Holtain Ltd., Cambridge MD,
UK), while weight was recorded using a weighing
machine (Avery India Ltd. Haryana) with beam
balance (sensitivity of scales is up to 100 g). Body
mass index (BMI) was calculated using the formula:
weight in kg/height in m? Waist circumference was
measured at the midpoint between lowermost point of
the costal margin and highest point of iliac crest with
the subject standing, at the end of normal expiration.
Hip circumference was measured at the level of the
greater trochanters with the subject wearing minimum
clothes. The mean of two readings was taken in for
calculating the waist-hip ratio (WHR). All subjects,
except those known to have diabetes, underwent an
oral glucose tolerance test in accordance with World
Health Organization guidelines’. Fasting and 2 h
postprandial plasma glucose were measured in subjects
with previously diagnosed diabetes. Blood samples
(10 ml) were collected with sterile technique using
disposable syringes. Samples for plasma glucose were
collected in fluoride vials, while samples for other
analytes were collected without anticoagulant.

Biochemical analysis: Plasma for glucose measurement
was separated within half an hour in the field itself. All
samples were transported on ice to the laboratory in our
institute (SGPGI) where biochemical analyses were
performed. All analytes were measured in an autoanalyzer
(Bayer RA-XT, Tarrytown, NY, USA) using kits by the
same company (Bayer Diagnostics, Tarrytown, NY,
USA). Plasma glucose was measured by the glucose
oxidase-peroxidase technique®. Serum total cholesterol
and triglycerides were measured by cholesterol
oxidase peroxidase and lipoprotein lipase peroxidase
methods respectively?'?2.  Serum HDL cholesterol was
measured after precipitation by magnesium chloride
phosphotungstate®. LDL cholesterol was calculated
using Friedewald’s equation®.

Definition and diagnostic criteria: Hypertension
was diagnosed according to JNC 7 criteria®. Normal
blood pressure was defined as systolic blood pressure
<120 mm Hg and diastolic blood pressure <80 mm
Hg and pre-hypertension as systolic blood pressure
between 120 to 139 mm Hg or diastolic blood pressure
between 80 to 89 mm Hg. Hypertension was defined
as systolic blood pressure > 140 mm Hg or diastolic
blood pressure >90 mm Hg. All subjects currently
on anti-hypertensive medications, or having written
prescriptions of anti-hypertensive drugs, were classified
as “hypertensive”, irrespective of their current blood

pressure reading. Overweight was defined as BMI
> 23 kg/m?, and obesity as BMI of >27.5 kg/m? while
central obesity was defined as WHR >0.88 in male and
>(.81 in female***. Metabolic syndrome was defined
according to the Executive Summary of the Third
Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) i.e., NCEP-ATP III criteria?’.

Statistical analysis: The age-adjusted prevalences of
pre-hypertension and hypertension were calculated
using the 2001 census data for Lucknow, obtained
from Registrar General and Census Commissioner,
Ministry of Home Affairs, Government of India.
Continuous variables are expressed as mean =+
standard deviation. The one-way analysis of variance
or Student’s t test was used for comparison of
continuous variables while Bonferroni’s correction
was used to adjust for multiple comparisons.
Hypertensives were excluded when analyzing pre-
hypertensives, and vice versa. The z test was used
to calculate the significance of proportions while
the chi square test was employed for comparison
of categorical variables. Trend was calculated by
chi-square for trend or by ANOVA for linearity, as
applicable. Risk factors for hypertension and pre-
hypertension were separately tested in a univariate
logistic regression analysis. Independent variables
tested were age, gender, smoking (only for males),
family history of hypertension, physical activity
grade, BMI, WHR, and impaired glucose tolerance
(IGT)/diabetes and lipids. Variables were age and sex
adjusted while performing the univariate analysis.
For the purpose of regression analysis variables were
categorized into units as follows: age: 10 yr, BMI:
2 kg/m?, WHR: 0.05 units, serum total cholesterol,
serum triglycerides and serum LDL cholesterol: 10
mg/dl and HDL cholesterol: 5 mg/dl. All variables
which were significant in univariate analysis were
then tested by forward multiple logistic regression
analysis. A two-tailed P value <0.05 was considered
significant. Statistical analyses were performed
using SPSS Statistical Package (version 9.0; SPSS,
Chicago, IL, USA).

Results

In the study population, the prevalence of
overweight and obese subjects was 47 and 32 per cent
respectively. Central obesity was present in 96 per
cent of males and 77 per cent of females surveyed.
The prevalence of the metabolic syndrome according
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to the NCEP-ATP III criteria was 67 per cent. Among
the cardiovascular risk factors, serum LDL cholesterol
was elevated in 23 per cent, 20 per cent of males were
current or ex-smokers and 42 per cent had abnormal
glucose tolerance (IGT 17%, diabetes mellitus 25%).
The proportion of the population who were sedentary
or performing light activity was 61 per cent while
only 2 per cent were engaged in heavy activity
(Table I).

The age and sex adjusted prevalence of
hypertension was 32.2 per cent (Table II). Of these
72 per cent (307/429) were previously detected as
hypertensives and were on treatment. Hypertension
was higher in males (35.9%) when compared to
females (28.1%; P<0.0001). The overall prevalence of
hypertension in the age group 30-39 yr was 13.7 per
cent and increased to a peak of 64 per cent in the age
group 60-69 yr (trend chi square P<0.0001) (Fig. A).

A similar increasing trend was observed in both males
and females.

The age and sex adjusted prevalence of pre-
hypertension was 32.3 per cent; it was significantly
higher in males (36%) compared to females
(28.1%; P<0.0001; Table II). The prevalence of pre-
hypertension in the youngest age group was 36 per
cent. Its prevalence either did not change (in females)
or was lower with increasing age (in males, P< 0.05)
(Fig. B). The age adjusted prevalence of hypertension
and pre-hypertension combined was 63 per cent. In
the age group 30-39 yr, 50 per cent of subjects were
normotensive, while among those in the age groups 60-
69 yr only 14 per cent had normal blood pressure. The
proportion of subjects with hypertension compared to
those with pre-hypertension increased from 0.4 in the
age group 30-39 yr to 2.8 in subjects 60-69 yr of age.

Table I. Clinical characteristics of study population

Variables Males Females Total
(n=557) (n=555) (n=1112)

Age (yr) (mean + SD) 51.2+11.5 484+ 114 498 +11.5
Family history of hypertension 277 (53.2) 312 (59.7)* 589 (56.4)
Overweight/obese (BMI >23 kg/m?) 414 (74.5) 466 (84.0)" 880 (79.3)
Central obesity (Waist hip ratio)* 536 (96.2) 426 (77.0)" 962 (86.7)
Diabetes mellitus 158 (28.4) 115 (20.7)* 273 (24.6)
Impaired glucose tolerance 89 (16.6) 101 (18.2) 190 (17.1)
Metabolic syndrome 423 (75.9) 324 (58.4)* 747 (67.2)
History of coronary artery disease 38 (6.8) 17 (3.1)* 55 (4.9)
Elevated triglycerides (=150 mg/dl) 230 (41.3) 163 (29.4)** 393 (35.3)
Elevated LDL cholesterol (=130 mg/dl) 95 (17.9) 159 (29.0)** 254 (22.8)
Low HDL cholesterol (<40 mg/dl) 310 (55.7) 295 (53.2) 605 (54.4)
Sedentary physical activity 128 (63.1) 158 (58.5) 286 (60.5)
Smoking 113 (20.3) 0 113 (10.2)

*Central obesity — waist hip ratio (Indian criteria) >0.88 in men and >0.81 in women?®

Metabolic syndrome by ATPIII criteria®’

Physical activity scoring done in 473 individuals; family history of hypertension was not available in 68 individuals (36 males and 32
females); no female admitted to smoking. Figures in parentheses are percentages. BMI not available in 2 and WHR in 3 subjects

*P<0.05, '<0.001 compared to males

Table I1. Crude and age-adjusted prevalence of hypertension and pre-hypertension

Group Hypertension Pre-hypertension
n Crude prevalence  Age adjusted prevalence n Crude prevalence Age adjusted prevalence

Overall 429 38.6 329 29.6 323
(n=1112) (35.7-41.4) (29.5-34.9) (26.8-32.1) (29.6-35.0)
Males 239 429 174 31.2 36.0

(n=557) (38.8-47.0) (33.1-38.7) (27.3-35.0) (33.2-38.8)
Females 190 34.2 155 27.9 28.1

(n=555) (30.3-38.2) (25.5-30.7) (24.1-31.6) (25.5-30.7)

Figures in parentheses are 95 per cent confidence intervals
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Fig. Prevalence of hypertension (A) and pre-hypertension (B) in different age groups in males and females

As a group, subjects with either pre-hypertension or
hypertension had increased body mass index, waist-hip
ratio and higher prevalence of [GT/diabetes compared to
those with normal blood pressure (Table III). There was
a significant increasing trend for various cardiovascular
risk factors as the population moved from normotension
to pre-hypertension and hypertension (BMI, P<0.0001,
WHR, P<0.0001, LDL cholesterol, P=0.003, diabetes,
P<0.0001, IGT, P<0.0001). Of the four risk factors for

cardiovascular disease (central obesity, LDL cholesterol,
IGT /diabetes and smoking), two or more were present
in 49, 63 and 66 per cent of males (P<0.05) and in 32,
47 and 66 per cent of females (P<0.0001) with normal
blood pressure, pre-hypertension and hypertension
respectively. Known cardiovascular disease was
significantly more frequent in hypertensive individuals
compared to those with normal blood pressure (9.8% vs.
2.3%; P<0.0001). There was no significant difference

Table I11. Comparison of clinical and metabolic parameters in normotensive, pre-hypertensive and hypertensive subjects

Normal blood pressure  Pre-hypertension Hypertension Corrected

(n=354) (n=329) (n=429) P value
Sex (male) 114 (40.7) 174 (52.9)~ 239 (55.7)** <0.01
Age (yr) 45.0£10.0 483 £ 11.17 549+ 11.0™ <0.01
Family history of hypertension 169 (49.7) 149 (48.4) 271 (68.4)” <0.01
BMI (kg/m?) 249 +3.7 26.2 +£4.017 27.1 £4.47 <0.01
Waist-hip ratio 0.90 +0.09 0.94 +0.09* 0.96 +0.09" " <0.01
Diabetes mellitus 46 (13.0) 68 (20.7)* 159 (37.1)" <0.01
Impaired glucose tolerance 50 (14.1) 63 (19.1)* 77 (17.9)** 0.02
Serum triglycerides (mg/dl) 1322 £82.6 154.8 £ 108.7+ 159.3 £109.5** 0.01
Serum LDL cholesterol (mg/dl) 104.6 £28.3 106.4+31.4 111.2+31.9 0.08
Serum HDL cholesterol (mg/dl) 385+5.7 38.8+5.7 393 +6.1 0.182
Smoking 31(21.5) 43 (24.7) 39 (16.3) 0.102
Cardiovascular disease 8(2.3) 5(1.5) 42 (9.8)" <0.01

Values are shown as mean + SD; Figures in parentheses are percentages

Smoking only for males; no female admitted to smoking

“P” value calculated using ANOVA and corrected for multiple comparisons by multiplying by 11

*P<0.05, *'<0.01, *"*<0.001 compared to normotension

"P<0.01 compared to pre-hypertension; “*P<0.001 compared to normotension and pre-hypertension; ““P<0.05 compared to pre-hypertension
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Table IV. Risk of hypertension or pre-hypertension in relation to modifiable risk factors

Hypertension Pre-hypertension
n (%) Odds ratio (95% P n (%) Odds ratio (95% CI) P
Ch

Overweight/obese:
Yes (n=880) 361 (41.0) 265 (30.1)
No (n=230) 66 (28.7) 2.2(1.5-3.1) <0.001 64 (27.8) 1.6 (1.1-2.3) 0.007
Central obesity:
Yes (n=962) 400 (41.6) 287 (29.8)
No (n=147) 28 (19.0) 4.1 (2.6-6.4) <0.001 41 (27.9) 2.0(1.3-3.0) 0.001
Normal BMI with central obesity™:
Yes (n=173) 56 (32.4) 52 (30.1)
No (n=55) 9(16.4) 3.4 (1.5-7.6) 0.003 11 (20.0) 2.6 (1.2-5.5) 0.015
Activity:
Sedentary (n=286) 109 (38.1) 93 (32.5)
Active (n=187) 62 (33.2) 1.6 (1.0-2.5) 0.04 49 (26.2) 1.7 (1.1-2.7) 0.02
Smoking:
Yes (n=113) 39 (34.5) 43 (38.1)
No (n=444) 200 (45.0) 0.7 (0.4-1.2) 0.20 131 (29.5) 1.2 (0.7-2.0) 0.5

To calculate odds ratio, hypertensives were excluded when analyzing pre-hypertensives, and vice versa. Overweight/obese: BMI >23 kg/m?;

central obesity: waist-hip ratio >0.88 in men and >0.81 in women.

Smoking analyzed only in males (n= 557). Physical activity analyzed only in 473 individuals
*Individuals with BMI >23 kg/m? were excluded from analysis; CI, confidence interval

between the groups in the prevalence of smoking,
sedentary physical activity or occupation (data not
shown).

Overweight/obese subjects had a high prevalence
of both hypertension (41%) as well as pre-hypertension
(30%; Table IV). As compared to normotensive
subjects, being overweight/obese increased odds of
hypertension (OR 2.2, P<0.001) and pre-hypertension
(OR 1.6, P=0.007). Similarly, central obesity was
associated with increased odds of having pre-
hypertension (OR 2.0, P=0.001) and hypertension (OR
4.1, P<0.001). Thirty per cent of subjects with normal
BMI but with central obesity were pre-hypertensive
while 32 per cent were hypertensive. Sedentary/light
physical activity was associated with a small increase
in risk of both pre-hypertension and hypertension.

The results of univariate logistic regression
analysis, using either hypertension or pre-hypertension
as the dependent variable, are shown in Table VA.
BMI, WHR, IGT/diabetes mellitus, serum triglyceride
and sedentary/light activity were associated with both
hypertension and pre-hypertension. A family history of
hypertension was associated with hypertension but not
pre-hypertension. All variables significant in the above
analysis were tested in a forward multiple logistic
regression analysis (Table VB). Increasing age, BMI,

WHR, IGT/diabetes, serum triglycerides and family
history of hypertension were significant contributors to
hypertension. In the case of pre-hypertension, all these
variables were associated, except for family history of
hypertension and serum triglycerides.

Discussion

Our study documents the high prevalence of both
hypertension and pre-hypertension, and their association
with other metabolic and cardiovascular risk factors, in a
north Indian urban high socio-economic population. The
high frequency of pre-hypertension and hypertension
are likely to be important contributors to the epidemic of
cardiovascular disease in affluent Indian subjects.

The prevalence of hypertension has been increasing
in India, both in rural and urban regions. The prevalence
of hypertension in urban areas of India ranged from
2.6-5.2 per cent between 1960-1980%*3° and it has
increased to 20-33 per cent in last decade!>'*!6, The
high prevalence of hypertension in the current study
(32.2%), confirms this increasing trend. In addition,
there was a high prevalence of pre-hypertension in our
study (31%). This was similar to that reported from
industrialized economies'3!2, In Indians, among urban
residents >18 yr living in Chennai, the prevalence of
pre-hypertension was reported as 47 per cent's. In
another study on 2122 men working in an industry
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Table V. Univariate and multivariate logistic regression analysis of risk factors associated with hypertension and pre-hypertension

Hypertension Pre-hypertension

OR (95% CI) P OR (95% CI) P
A Univariate:
Age 2.39 (2.05-2.80) <0.0001 1.32 (1.25-1.54) 0.0001
Sex 1.83 (1.37-2.44) <0.0001 1.64 (1.21-2.22) 0.001
Family history of hypertension 2.19 (1.62-2.96) <0.0001 0.95 (0.70-1.29) 0.74
BMI (kg/m?) 1.52 (1.37-1.67) <0.0001 1.28 (1.17-1.40) <0.0001
Waist-hip ratio 1.56 (1.37-1.79) <0.0001 1.31 (1.16-1.48) <0.0001
Diabetes/IGT 2.68 (1.93-3.73) <0.0001 1.69 (1.22-2.34) 0.0017
Serum triglycerides 1.04 (1.02-1.06) 0.0001 1.02 (1.01-1.04) 0.008
Serum LDL cholesterol 1.05 (0.99-1.10) 0.11 1.02 (0.97-1.07) 0.51
Serum HDL cholesterol 1.12 (0.98-1.28) 0.09 1.06 (0.93-1.21) 0.39
Sedentary activity 1.59 (1.02-2.47) 0.039 1.72 (1.08-2.73) 0.023
Smoking 0.71 (0.42-1.20) 0.20 1.20 (0.71-2.02) 0.50
B. Multivariate
Age 2.53(2.09-3.07) <0.0001 1.34 (1.14-1.57) 0.0004
BMI 1.37 (1.24-1.52) <0.0001 1.21(1.10-1.32) <0.0001
Waist-hip ratio 1.26 (1.13-1.40) <0.0001 1.17 (1.07-1.28) 0.0008
Diabetes mellitus/IGT 2.23(1.52-3.28) <0.0001 1.67 (1.17-2.38) 0.005
Serum triglyceride 1.04 (1.01-1.06) 0.013 1.01 (1.00-1.04) 0.24
Family history of hypertension 2.74 1.86-4.03) <0.0001 1.09 (0.78-1.52) 0.64

BMI, body mass index; IGT, impaired glucose tolerance. Smoking only analyzed in males (n=557).

Physical activity scoring done in 473 individuals. When physical activity score was included in multivariate analysis (n=476) then for
hypertension age, BMI, WHR, family history and diabetes/IGT were significant predictors; for pre-hypertension age, sex, BMI and diabetes/
IGT were significant. For purpose of analysis, age was in units of 10 yr, BMI in units of 2 kg/m? and WHR in units of 0.05, triglycerides and
LDL cholesterol in units of 10 mg/dl and HDL cholesterol in units of 5 mg/dl.

in north India, pre-hypertension was present in 44 per
cent”. Even in the rural population in Assam, 54 per
cent of subjects had pre-hypertension and one-third
had hypertension™.

In the current study, the prevalence of hypertension
increased significantly from age group 30-39 to 60-69
yr. In contrast, pre-hypertension was highest in the
age group 30-39 yr (36%). The ratio of hypertensive
to pre-hypertensive individuals increased from 0.4 in
the age group 30-39 yr to 2.8 in the age group 60-69
yr. It is likely that this trend is a result of progression
of subjects with pre-hypertension to hypertension.
Analysis of the NHANES III data set has provided
similar results®!. The prevalence of hypertension and
pre-hypertension was significantly higher in males
compared with females, possibly due to the increased
prevalence of metabolic risk factors for hypertension
and pre-hypertension in males.

Pre-hypertensive subjects had greater obesity,
central abdominal obesity and had an increased
prevalence of diabetes/IGT compared to normotensive
subjects. The same risk factors were further increased

in subjects with hypertension. This finding was in
concordance with studies on pre-hypertension from
developed market economies. Greenlund et al° reported
that subjects with pre-hypertension were 1.65 times as
likely to have at least 1 other adverse cardiovascular
risk factor than those who were normotensive and to
have 1.8 times increased risk of cardiovascular events.

Obesity and sedentary lifestyle are important
modifiable risk factors for hypertension'®**. In the
current study, being overweight or obese increased the
odds of having hypertension and pre-hypertension by 2.2
and 1.6 times respectively. Among subjects who were
centrally obese, nearly 40 per cent were hypertensive
and 30 per cent were pre-hypertensive. Central obesity
increased the odds of hypertension and pre-hypertension
even among subjects who had a normal BMI. Previous
studies have emphasized the propensity of Indians to
develop central obesity and insulin resistance®*¢. We
also found an increased risk of hypertension and pre-
hypertension among subjects with sedentary lifestyle,
though this was not confirmed on multivariate analysis.
Similar results have been shown in different ethnic
groups®’**, including Indians'>-143?.
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On multivariate analysis, increasing age, BMI,
waist-hip ratio and the presence of diabetes or IGT
independently contributed to both pre-hypertension
and hypertension. In addition, a family history of
hypertension was also an important contributor to
hypertension but not pre-hypertension. The reason for
this dichotomy is not clear. In previous studies, a family
history has been shown to be important in predisposing
to pre-hypertension'* and hypertension**4!,

Our study had certain limitations. Subjects for the
study were chosen from a single locality and thus may
not be representative of affluent subjects throughout
India. However, we took care to choose a colony which
had a representative mix of subjects with all different
professions, age groups and religions. Blood pressure
measurements were taken on a single day and were not be
repeated again for practical reasons. Hence, we may have
over-diagnosed both pre-hypertension and hypertension.

In conclusion, there was a high prevalence of pre-
hypertension and hypertension in an affluent north
Indian community. Both entities were associated with
metabolic risk factors which are likely to further increase
the risk of cardiovascular disease in these subjects.
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