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ABSTRACT

The present study was undertaken to develop
~normative data for the blood pressure (BP) lev-
els in adolescent boys and girls aged 10-17 years
residing the rural and urban areas of North Ar-
cot Ambedkar District, Tamil Nadu State. Blood
pressures were cvaluated as part of an ongoing
study on growth and development in adoles-
cents. A total of 7028 BP measurements col-
~ lected cross-sectionally were subjected to statisti-
cal analysis. The mean systolic (SBP) and dia-
stolic (DBP) blood pressure levels were elevated
in rural children as compared to that in urban
children of respective sexes during 10 and 15
- years of age. The mean BP levels were higher in
both the rural and wban girls as compared to

their male counterparts till the age of 15, after

which the trend was reversed. While the mean

SBP and DBP levels for rural children of either

sex were stable over the age range considered,
those for urban children exhibited consistent in-
crease with age. In urban boys, the yearly mean
increments in SBP and DBP were 2.5 mm Hg
and 2.0 mm Hg and that in whan girls 2.4 mm
Hg and 1.7 mm Hg, respectively. It is suggested
that perhaps stress factors are responsible for the
elevated mean BP levels among the rural adoles-
cents as they are generally engaged in activities
that exert considerable physical and psychologi-
cal stress.
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The prevalence and incidence of coro-
nary heart diseases and the resultant mor-
tality are much higher in developed coun-
trics than in the devcloping countries(1). It
is widely reported that cardiovascular dis-
eases may have an origin in carly childhood
or even in infancy(2). Although it has becn
statcd that essential hypertension is rare
and 1s much less frequent among children
than in adults(3), evidence exists signifying
that esscntial hypertension begins in child-
hood(4,5). Although it has been reported
that blood pressure levels in genecral are
positively associated with age(6), in a few
populations inhabiting industrialized coun-
tries such an association was not found(3).
The World Health Organization Study
Group(1) felt that the blood pressure study
in children is the only way to obtain scicn-
tific evidence on factors that contribute to
blood pressure clevation and on the ways to
control or modify these factors. Thus, the
aim of the present paper is to present refer-
ence data fog the blood pressurc levels of
South Indian adolescents aged 10 to 17
years in relation to their demographic
background.

o e

Material and Methods

During 1969-1974 a communily based
research project entitled “Longitudinal
Studies in Human Reproduction” financed
by the NCHS, USA has been carricd out by
the Department of Biostatistics. The details
of the study, the demographic, climatic and
environmental characteristics of the area;
and the cultural and socio-economic profile
of the population are dctailed else-
where(7). Even since, all the children born

From the Department of Biostatistics, Christian
Medical College, Vellore 632 002.

Received for publication August 13, 1991;
Accepted January 2, 1992

715



LAKSHMANUDU ET AL.

during that pcriod in one Rural Commu-
nity Development Block-K.V. Kuppam
and those from a defined arca, selected
randomly, of Vellore town were being
followed-up for physical and intellectual
growtlk and development. For the present
investigation cross-sectional data of BP
measurcments obtained in 7028 children
were considered.

Children’s ages were computed and
grouped following Tanner(8). Blood pres-
sure was measured using an aneroid sphyg-
momanometer (Erka-perfect, West Ger-
many). Each subject was made to sit in a
chair comfortably, the cuff was tied around
the left upper arm, the procedure ex-
plained, and the cuff inflated and deflated
once so as to acclimatize the child to the
process. The pressure values at the first
and fourth Korotkofftic phases were re-
corded. Consequently, duplicate measure-
ments were obtained on each individual
and the mecans of these rcadings were
recordcd as SBP and DBP, as they will

characterize an individual more accuratelys *

than a single measurement(9). Before the
actual measurement, all the children were
asked to rest for atleast 20 minutes and to
observe doing it on others. The aneroid
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sphygmomanomecters were calibrated at
regular intervals by checking against a mer-
cury sphygmomanometer. Measurcment
errors were then minimized by selecting
cuffs of appropriate size(10,11). Further
variatidn in blood pressure mcasurcments
was identified by selecting a sample of 30
subjects from the study arca with equal
preference for scx and age. Each subject
had routine repeated measurements by the
two observers involved in the study. The

data thus obtained were analyzed using

analysis of difference and analysis of var-
ance (ANOVA), and the results presented
in Table I. :

Standard dewviation of the differences,
S, was computed(12) and the standard
error of measurcment S, . was obtained
by dividing S, by square root of 2(9). Also,
the measures of reliability (i.e., repeatabil-
ity and relative bias) were got by multiply-
ingS,and S, with the critical ratio 1.96,
respectwely From the results it can be in-
ferred that in 95% of cases the observers’
SBP measurements were accurate (o
within +2.5 mm Hg (+33 mm Hg for
DBP) of the true value with a mean differ-
ence of 0.2 mm Hg (0.7 mm Hg for DBP).

/
.
i

TABLE 1-Analysis of Difference for Systolic and Diastolic Blood Pressure Levels (n = 30)

Observer Average of two Difference between Relative Repeatability
number measurements two measurements bias
Mean SD Mean S, S meas)

Systolic BP

1 107.4 12.3 0.13 13 0.92 1.80 2.55

2 107.8 124 0.20 1.8 128 2.51 353
Diastolic BP

1 77.1 11.0 0.00 1.9 135 2.65 3.75

24 1.70 333 4.70

2 712 11.0 0.67
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The estimatc of repeatability reflect that in
95% of cases two measurements of SBP
made by either of the obscrvers will not
_ differ by more than £3.5 mm Hg (4.7
mm Hg for DBP). These values are much
smaller (for both SBP and DBP) than
those obtained by the two community
nurses for the Scottish children of Shetland
(13) implying greater reliability in the pres-
ent study. Analysis of variance showed that
within and between observer variations
contribute insignificantly (p>0.05) to the
variability of the blood pressure levels in
the present study. '

R

Results \

Blood pressure levels in urban and
rural children of successive age groups dif-
fered significantly. Hence, further analysis
of blood pressure levels was performed
controlling for arca of residence. In the
present rural sample, 98.0% were Hin-
dus, 0.8% Muslims and the remaining
1.2% Christians. In the urban samplc 85%
were Hindus, 7% Muslims, 6% Christians,
and the remaining 2% other religious
groups. The mean SBP and DBP levels
among the urban children of same sex and
age across various religious groups did not
differ significantly (p>0.05). The small
numbers of rural children from Muslim
and Christian groups do not facilitate such
a comparison. Hence, children from all the
rchigious sects were pooled for further
analysis.

Descriptive statistics of SBP and DBP
levels for rural children were computed
- and presented by age and sex in Tables 1] &
11, respectively. Among rural boys the
mean SBP was 103.2 mm Hg at age 10 and
rose slowly to 107.6 mm Hg at 17 years. A
" poor correlation coefficient (r) of 0.08 was
obtained for SBP with age. The mean dif-
ference in SBP between age groups 16 and
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17 only was statistically significant. DBP
also showed a trend similar to SBP. Corre-
lation of diastoles with age was of the mag-
nitude—0.03. Among the rural girls, the
mean SBP scattered around 107 mm Hg
over the ages considered (r = 0.02) and the
mean diastolic pressure levels varied from
77 to 80 mm Hg, and did not show any
association (r = 0.08) with age. The rural
boys and girls of corresponding ages dif-
fered in their mean SBP values, which were
statistically significant at 1% probability
level at all the age groups except at 17.
Nearly a similar trend was noticed for DBP
at a probability of 5%.

Blood pressure statistics for urban chil-
dren are given in Tables I & III. A lincar
increase in systolic and diastolic blood
pressures is recorded with increasing age
for urban boys which is reflected by signifi-
cant (R<0.05) correlation coefficients of
0.54 and 0.46, respectively. At age 10 their
mean SBP was 92 mm Hg which has gradu-
ally increased at a rate of 2.5 mm Hg per
year to 109.7 mm Hg at age 17. The yearly
mean increment was 2 mm Hg in DBP.
Cocfficient of variation decrcased as age
increased for both SBP and DBP. A high
statistical significance (p<0.001) was ob-
tained, through analysis of variance {or be-
tween age group variations of both SBP
and DBP. Among urban girls a SBP of 92.5
mm Hg at age 10 shoi up to 109 mm Hg at
age 17 with an average increase of 2.4 mm
Hg per year. Similarly, an increase of 1.7
mm Hg per year is noticed for DBP start-

“ing at 66.5 mm Hg for age 10. As noticed

for boys the coefficient of variation de-
crcased as age increascd for both SBP and
DBP in girls too. In both the pressures, be-
tween age group variations were significant
(p<0.001). Significant correlation coeffi-
cients of 0.46 and 0.42 were obtained for
age of the girls with their SBP and DBP
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- TABLE H—Means (m) with Standard Deviations (SD) and Percentiles of Diastolic Blood Pressure
(DBP) Levels in Adolescents by Gender and Area of Residence (Sample Sizes are Same

.

as that for SBP)
_ Rural Urban
Age Boys Girls Boys  Girls
m SD m SD m SD m
10 + 76.1 8 78.4 8 66.0 665 9
11 + 76.3 8 78.4 8 66.3 ” 666 9
12 + 76.4 8 80.5 8 667 10 682 .9
13 + 77.0 8 787 9 67.7 9 693 9
14+ 77.0 9 771 9 716 9 742 9
15+ 778 9 771 8 743 9 755 9
16 + 77.9 9 77.6 8 76.3 8 764 9
17 + 779 8 78.6 8 79.7 8 784 9
Centiles
5 50 95 5 S0 95 5 50 95 5 50 95
20+ 64 77 9% 68 8 92 S6 64 8 SO 66
11+ "6 77 9% 6 78 9% 52 64 8 50 66 8
12+ 62 78 90 67 8 92 49 64 84 58 68 8
13+ 62 78 9% 6 8 92 ST 6 8 56 70 8
14 + 60 76 88 62 78 90 60 70 86 60 72
15+ 6 76 88 62 78 8 60 74 8 62 6
6+ 60 76 8 6 78 8 6 7% 9% 61 78 90
17+ 64 8 88 65 8 9% 6 8 92 6 8 93

levels, respectively. Though the mean SBP
values were gencrally higher for urban girls
than that for urban boys of comparative
ages (except at ages 16 and 17) they were
significantly differcnt only at 11, 12 and 13
years of age. Similarly, the mean DBP is
also in favour of girls (except at age 17)
with a significantly higher values at ages 12
~and 14 only.

Discussion

From the foregoing analysis it is evi-
dent that boys and girls of urban back-

ground show a proportional increment in

718

systolic and diastolic blood pressure levels -
over the ages but not by their rural
counterparts. The US children covered
under National Health Examination Survey
(14,15) registered a 27% increase from a
SBP value of 1059 mm Hg at age 6 and
reached 134 mm Hg at age 12; and 112 mm
Hg at age 15 displaying an increment of
47%. Contrary to these, rural children of
the present study recorded a marginal in-
crement whereas the urban children
showed an increment of 18% from the ini-
tial SBP level of 93 mm Hg at age 10.
Roberts and Maurer(14) and Weiss

SD

80
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TABLE NI— Means (m) witlh Standard Devmnons (SD) and Centiles of Systolic Blooa' Pressure

(SBP) Levels in Adolescents by Gender and Area of Residence

12

Rural Urban
~ Age Boys Girls Boys Girls
‘ n m SD n m SD n m SD n m SD
10+ 176 1032 202 106.1 139 92.1 9 134 925 11
11+ 300 1038 259 1063 179 921 10 224 943 11
12+ 288 1039 235 1067 211 928 10 203 968 10
13+ 314 1044 10 214 1069 10 174 96.7 10 174 983 11
14+ 345 1044 9 328 - 1068 9 170 1006 9 199 1021 9
15+ 353 1045 10 337 1069 9 191 1041 10 225 1051 8
16+ 329 1050 10 266 1079 9 193 1078 9 18 1063 10
17+ 18 1076 9 127 1080 8 123 1097 8 102 1089 10
Centiles
5 50 95 5 50 95 5 50 95 5 50 95
1047 90 104 120 9 108 120 80 9 110 70 92 110
11+ 9 104 118 90 108 120 78 90 110 79 92
12+ 9% 104 120 9 110 124 79 9 110 80 98 114
13+ 9 104 120 90 110 121 80 + ‘938 117 80 99 116
14+ 9 104 120 9 106 124 84 100 118 9 102 118
15 + 9 104 122 92 106 120 9 102 120 9 104 119
16 + 9% 104 122 9 108 122 92 108 122 9 106 120
17+ 94 107 123 98 108 120 98 110 122 92 108 129

et al.(15) reported that the SBP showed a
stecper increase in girls of 6-11 years age
and a slower rate thereafter, whereas it was
vice versa for the boys. Shock(17) observed
that the Californian girls showed no signifi-
cant increase in SBP from 11.5 years on-
wards till 17.5 years, but the boys have dis-
played a mean increment of 2 mm Hg per
year from a base value of 103 mm Hg at
11.5 years. Similarly, a higher mean SBP
was reported for Chicago boys(18) from
the age 13 onwards. All these lead to the
conclusion that the mean SBP levels are
higher in boys than in girls of similar ages

from 13 years of age to at least 17. Con-
trary to this, in the present study, girls dis-
play a higher mean SBP and DBP levels till
the age of 15 after which the boys overtake.

So far there have been only three re-
ports on the ascultatory BP profiles of nor-
mal Indian children. A comparison of
mean BP values among children of similar
gender and age (between 10 and 15 years)
reflects that both SBP and DBP were
higher among the Allahabad children(19)
followed by those of Udaipur(20,21) and
Vellore urban children in that order.
Though the mean SBP and DBP differ in
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all the four groups, the total increment
achieved by them during the ages 10 and 15
was about the same resulting in a mean in-
crement of 2.6 mm Hg/year for SBP and
1.6 mm Hg/year for DBP. The wide vari-
ation in mean BP levels in children of vari-
ous populations is generally attributed to
varying climatic, constitutional, emotional,
socio-economic and dietary factors.

‘Gupta ef al’s.(22) investigation, based
on a community study, points that the
mean BP levels were comparatively lower
in rural than in urban subjects of either sex
at all ages considered (22 to 69 years) and
that BP is independent of body weight. But
they did not offer any explanation for the
existing rural/urban differences. While
working on non-pregnant women from the
present study arcas Rao ef al.(23) also re-
ported the persistence of rural/urban dif-
ferences in the BP levels and observed that
although life in rural areas is not necessar-
ily peaceful or free from stress, the pace of
life is more rhythmic and slower than that
in urban societics and could perhaps ex-
_ plain the low BP levels among the rural
women. Typically, low levels of BP among
the rural poor are attributed to the mini-
mal exposure to stress, a chronic state of
malnutrition, and infectious discases(24).
All these do not explain adequately the ele-
vated BP levels in rural adolescents as
compared to their urban counterparts, at
least upto 15 years of age. In this context,
the observation that BP levels in a commu-
nity depend on age, sex and race though
these are also known to be influenced by
socio-economic, cultural and occupational
factors(25) gains credence.

Attempting a review and pooled analy-
sis of the relevant world wide literature,
Brotons et al.(26) arrived at the following
conclusions—“The overall pattern  of
change in SBP with age indicates that a

720
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marked increase with age is nearly univer-

" sal during childhood and adolescence and

is especially stecp in the carly to middle
years of the second decade of life. The rare
exception demands further investigation
and explanation. The data on DBP give
rather different picture of BP change with
age than data on SBP. The increases are
modest by comparison, the difference be-
tween populations are some what greater”.
In the present study the BP levels among
urban children are in conformity with
the above observation and those in rural
children provide exceptions by attaining
asymptotes at an early age. _
The unexpected behavior of rural chil-
dren, i.e., exhibiting higher mean BP values
than their urban counterparts, may possi-
bly be explained by stress factors. It is
known that stress results in ¢levated BP
levels and rural South Indian adolescents
arc generally engaged in activities such as
casual labor, agricultural labor, firewood
collection, fetching potable water, looking
after the younger siblings and some times
cooking for the whole family too, causing
considerable physical as well as psychologi-
cal stress. However, further analysis on the
possible association of blood pressure
levels with body weight, height and mid
arm circumference is in progress and the
results will be reported subsequently.
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NOTES AND NEWS

INTERNATIONAL CONFERENCE ON SLEEP-WAKEFULNESS

An International Conference on Sleep-Wakefulness is to be held from September 9-11,

1992 at New Dclhi.

For further information, and putting your name in the mailing list, please fill up lhe

following proforma and send it to

Dr. V. Mohan Kumar,

Organizing Sccretary,

International Conference on Sleep-Wakefulness,
Dcpartment of Physiology,

All India Institute of Medical Sciences,

New Declhi 110 029.

Fax No. 91-011-686 2663.

Name

Postal Address

(including postal code
and country)

Tclephone

Fax

Topic of Interest in Sleep Research
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