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Age- and height-specific reference limits of blood pressure
for Indian children

S. L. CHADHA, R. S. VASAN, P. S. SARMA, S. SHEKHAWAT, R. TANDON, N. GOPINATH

ABSTRACT
Background. Blood pressure in childhood is the most power-

ful predictor of hypertension in adults. Norms for blood pressure
in children are based on the age- and height-specific distribution
of blood pressure in a reference sample of healthy children.

Metbods. We performed a cross-sectional survey of school-
children in the age group 5 to 14 years in south Delhi and studied
the distribution of systolic and diastolic blood pressure in 8293
children (4623 boys and 3670 girls). Blood pressure was mea-
sured in all children with a mercury column sphygmomanometer
using a standardized technique. The first and the fourth Korotkoff
sounds were taken as indicative of the systolic and the diastolic
blood pressure, respectively. Height percentiles were computed
for the study sample for every one-year sex-pooled group.
Multiple linear regression was then performed for every one-year
group in order to estimate the 90th and 95th percentiles of
systolic and diastolic blood pressure according to percentiles of
height.

Results. Age and height, but not gender, emerged as the
principal determinants of systolic and diastolic blood pressure in
multivariable linear regression analyses. Age- and height-specific
90th and 95th percentile values of systolic and diastolic blood
pressure were estimated, which enabled us to categorize children
into 'normal', 'high normal' and 'high' blood pressure groups.

Conclusions. We present age- and height-specific reference
values for blood pressure of Indian children based on a large study
sample. The use of these standards should aid the identification
of children with high blood pressure.

Natl Med J India 1999; 12: 150-6

INTRODUCTION
Blood pressure tracking studies suggest that hypertension in
adulthood often has its origin in childhood. I Indeed, blood pres-
sure in childhood is the best predictor of hypertension in later
life.2-4 Awareness of this fact has resulted in the incorporation of
blood pressure measurement into routine paediatric health care.'
However, the interpretation of blood pressure in children is not
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simple. In the absence of data relating childhood blood pressure
to adverse clinical outcome in later years, norms for hypertension
in childhood have been formulated based on the statistical distri-
bution of blood pressure in large samples of healthy children. The
reference values for blood pressure of children published initially
in the USA were age- and sex-specific." Subsequent studies
emphasized that body growth and maturation are the most impor-
tant determinants of blood pressure in childhood and adoles-
cence." These studies underscored the importance of height as a
key determinant of blood pressure. Consequently, to avoid poten-
tial misclassification of children at extremes of normal growth,
data were re-analysed in the USA to formulate age-, sex- and
height -specific reference values for blood pressure in children.P

The revised norms described above are used for classifying
children into hypertensive, high normal blood pressure and nor-
motensive categories, based on percentiles of blood pressure in
different age, sex, and height groups." The generalizability of
these reference values (from the USA) to other ethnic groups
remains unknown. Although it has been argued that ethnic differ-
ences in blood pressure, if any, are small,' there is a paucity of data
to support this contention. The utility of these norms for non-
Caucasian populations is further limited by the prevalent differ-:
ences in measures of body growth (especially height percentiles)
across cultures. This has prompted the development of separate
norms for blood pressure in some countries. 9, 10

The objectives ofthe present study were to formulate age- and
height-specific reference values for blood pressure for Indian
schoolchildren in the age group 5 to 14 years using a reference
sample from schools in New Delhi,

METHODS
Sampling frame
The present investigation was conducted over a two-year period
(1995-96). The list of different categories of schools run by the
Central Government, Municipal Corporation of Delhi and private
institutions in south Delhi was obtained. An appropriate number
of schools were randomly selected in each category, to include
children of both sexes and from different socio-economic groups,
in view of the known variation in blood pressure of children
according to parental socio-economic status. 1l.12 All children in
the age group 5 to 14 years were included in the study sample
(multi-stage cluster sampling). The administrative staff in all the
selected schools were contacted and the objectives of our study
were explained. The cooperation of teachers was ensured through
several meetings with the investigators. A letter was sent to every
parent explaining the investigation and seeking permission to
evaluate the child.
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Study sample
Ten thousand two hundred and fifteen children (5709 boys, 4506
girls) from 18 schools were evaluated in the survey and were
available for the present investigation. Of these, 470 children (276
boys and 194 girls) were initially excluded because of evidence of
a chronic medical problem (such as renal disease, anaemia,
valvular heart disease, known secondary hypertension) on clini-
cal history or physical examination. From the remaining broad
sample of9745 children (5433 boys and 4312 girls), we sought to
exclude obese children. This was done because childhood obesity
is an important determinant of blood pressure.13•14 In order to
exclude obese children, we determined the age- and sex-specific
85th percentiles of body mass index (BMI, calculated as the
weight in kilograms divided by the square ofthe height in metres).
Children with BMI ~85th percentile for their age and sex were
classified as obese" and excluded from the study sample. Conse-
quently, an additional 1452 children (810 boys and 642 girls)
were excluded. The sample used for this study (termed the
reference sample), thus comprised the remaining 8293 apparently
healthy non-obese children (4623 boys and 3670 girls). This
schema of exclusion and constitution of the reference sample is
shown in Figure 1. Of the reference sample, 3151 (38%) children
were adjudged to belong to a low socio-economic status (SES),
3568 (43%) to the middle SES, and the remaining 1574 (19%) to
the upper SES.

Survey teams' anthropometric measurements
Two field survey teams were constituted, each consisting of a
medical officer and a social scientist. The height and weight of the
children were measured by the social scientist using standardized
methods. Briefly, weight was obtained with the subject wearing
light clothing and without shoes. A portable weighing machine
was used for this purpose and it was balanced before each use.
Height was measured with the subject standing without shoes,
with the head positioned so that the eye-ear plane was horizontal
and the heels and back against a vertical surface.
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5709 boys, 4506 girls
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FIG1. Study sample

Measurement of blood pressure
A medical officer measured the blood pressure in all children after
they had rested for approximately 10 minutes with a mercury
column sphygmomanometer using a standardized protocol. 16 A
blood pressure cuff of appropriate size was placed on the right arm
of the seated child with hislher legs uncrossed and the arm
extended over a table at the level of the heart. Care was taken to
ensure that the width of the cuff bladder approximated 40% of the
arm circumference (measured midway between the olecranon and
the acromion process)." Additionally, the manufacturer's lines
on the cuff facilitated the choice of an appropriate-sized cuff. The
blood pressure cuff was initially inflated to estimate the systolic
blood pressure by palpation. Blood pressure was then measured
by inflating the bladder to a pressure 20 to 30 mmHg higher than
the systolic pressure determined by the palpatory method and by
slowly releasing the pressure within the bladder while listening
over the brachial artery for the Korotkoff sounds. A single casual
reading of the first and the fourth Korotkoff sounds was obtained
for each child. These sounds were taken as indicative of the
systolic and the diastolic blood pressure, respectively.

Statistical methods
We studied the distribution of systolic blood pressure, diastolic
blood pressure and height in our study sample (Figs. 2-4). As is
evident from the figures, the distributions of these variables were
fairly symmetric around the mean values to justify an assumption
of normality.
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Multiple linear regression with step-wise forward elimination
was used to assess the determinants of systolic and diastolic blood
pressure in the reference sample. Separate analyses were per-
formed for systolic and diastolic blood pressure. The results
suggested that age and height were the principal determinants of
systolic blood pressure and height was the principal determinant
of diastolic blood pressure in our study sample (Table I). Further-
more, once height entered the regression model, sex no longer
remained a significant determinant of systolic or diastolic blood
pressure. We, therefore, proceeded to formulate age- and height-
specific reference values of blood pressure pooling both sexes.

To evaluate blood pressure levels at specific height percentiles
for one-year age groups, we first converted height percentiles to
the z score scale thus:

5th percentile
25th percentile
75th percentile
95th percentile

-1.645
-0.67
+0.67
+1.645

10th percentile
50th percentile
90th percentile

-1.28
o

+1.28

We then regressed blood pressure on height for each one-year
sex-pooled group. Separate analyses were performed for systolic
and diastolic blood pressure thus:

Systolic blood pressure(age)=al+~1 (z heightwe, (Equation 1)
Diastolic blood pressure(age)=a2+~2 (z heightwe; (Equation 2)

As a third step, we estimated the 95th and 90th percentiles for
blood pressure at specific height percentiles for each one-year
sex-pooled group. For instance, the 95th percentile of systolic
blood pressure for a child with height corresponding to the 90th
percentile for the age group was estimated thus:

95th percentile of SBP (forage.spec'ific90th percentileofheight)
=al+~1 (1.28) +1.645cr,
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where cr2was estimated from the residual mean square from the
regression model represented by equation 1.

The corresponding 90th percentile of systolic blood pressure for
the child would be:

90th percentile of SBP(fOrage- specific90lh percentileofheight)
=al+~1 (1.28) +1.28cr

Similarly, percentiles of diastolic blood pressure can be calcu-
lated using the regression model in equation 2. Values of systolic
or diastolic blood pressure below the 90th percentile value for a
given age and height were categorized asnormal. Values of blood
pressure between the 90th and 95th percentile for a given age and
height were described as high normal while values above or equal
to the 95th percentile (for age and height) were classified as
hypertension? All statistical analyses were performed using the
SPSS PC+ version 5.0.

RESULTS
The study sample characteristics are displayed in Table II. There
were more boys than girls in our sample in all age groups. The
mean weight and height of boys and girls were not different at any
of the ages (data not shown). The mean values of blood pressure
increased with age in both sexes (Table II).

Table III displays the 90th and 95th percentiles of systolic and
diastolic blood pressure at each age according to the percentiles
of height. The corresponding numerical values of height percen-
tiles are listed in Table IV. The values of the regression coeffi-
cients for height, the constant and o for systolic and diastolic
blood pressure which are used to estimate these percentiles of
blood pressure are provided for each age group in Table V.

To interpret the blood pressure of a child, his or her height
percentile for age can be determined from Table IV. Then Table
III should be consulted to determine the 90th and the 95th
percentiles of systolic and diastolic blood pressure. These percen-
tiles are used for classifying children into those with high normal
blood pressure (values of SBP or DBP ~ the 90th but < the 95th
percentile for a particular age and a given height) and hyperten-
sion (~ 95th percentile for a particular age and given height). For
children of a particular age, the 95th percentile of blood pressure
varied from 5 to 11 mmHg (for systolic blood pressure) and 2 to
8 mmHg (for diastolic blood pressure) for individuals between the
5th and 95th percentiles of height. These data further substantiate
that ignoring the height of an individual can result in misclassi-
fication of hypertension status in children.

Table III reveals that the diastolic blood pressure of 6-year-old
children with height between the 5th and 75th percentiles are
lower than those of 5-year-old children with corresponding height
percentiles. We believe that this anomaly arises because of the

TABLEL Results of multivariable linear regression (with step-wise forward selection) of systolic and diastolic blood pressure on
independent variables

Dependent variable systolic blood pressure*

Variable Regression coefficient ~t t (p)
(Standard error ~)

Dependent variable diastolic blood pressure]

Variable Regression coefficient ~t t (p)
(Standard error ~)

Constant 64.51 ( 1.18) 54.49 «0.0001) Constant 40.56 (0.703) 57.68 «0.0001)
Height 0.283 (0.014) 20.82 «0.0001) Height 0.215 (0.005) 41.17 «0.0001)
Age 0.234 (0.085) 2.76 (0.006) Age 0.026 (0.014) 1.30 (0.19)
Sex 0.011 (0.013) 1.16 (0.25) Sex -0.004 (0.005) -0.43 (0.67)

• adjusted R'=O.21 t adjusted R'=O.17 + regression coefficient ~=change in blood pressure (mmHg) with I unit change in variable
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TABLEII. Study sample characteristics

Characteristic Age (years) Total sample

Age (years) 5 6 7 8 9 10 11 12 13 14 9.7(2.5)
Number 311 725 894 958 1029 1019 917 998 892 550 8293
Males (%) 52.7 52.9 51.9 52.5 52.3 58.7 56.6 59.7 56.5 66.0 55.7
SBP (mmHg) 97 (10) 98 (10) 100 (10) 101 (10) 103 (10) 105 (10) 107 (10) 109 (10) 111 (10) 112 (9) 105 (11)
DBP (mmHg) 65 (8) 64 (8) 66 (8) 68 (8) 69 (8) 69 (8) 71 (8) 72 (8) 73 (7) 75 (7) 69 (8)
Height (ern) 110 (6) 114 (7) 119 (7) 124 (7) 129 (8) 135 (8) 140 (8) 146 (9) 152 (9) 159 (9) 134 (16)
Weight (kg) 16.9(2.3) 18.0(2.6) 19.5(2.9) 21.4 (3.2) 23.4 (3.6) 25.8 (4.0) 28.7 (4.8) 32.0 (5.8) 35.5 (6.3) 39.4 (6.2) 26.3 (7.9)
BMI (kg/m') 13.9(1.0) 13.8(1,0) 13.7(1.1) 13.8(1.1) 13.9(1.3) 14.1(1.2) 14.5(1.4) 14.9(1.6) 15.3(1.7) 15.8(1.7) 14.4(1.5)
Figuresin parenthesesare standarddeviations SBP systolicbloodpressure DBP diastolicbloodpressure BMI bodymassindex

TABLEIII. Blood pressure level for the 90th and 95th percentiles of systolic and diastolic blood pressure for children 5 to 14 years by
percentiles of height

Age Percentile Systolic BP (mmHg) by percentile of height Diastolic BP (mmHg) by percentile of height
(years)

5 10 25 50 75 90 95 5 10 25 50 75 90 95
5 90 108 109 110 111 112 113 113 74 74 74 75 76 76 76

95 112 112 113 114 115 116 117 77 77 77 78 79 79 79
6 90 108 109 110 111 112 113 113 72 72 73 74 75 76 76

95 112 112 113 115 116 117 118 75 75 76 77 78 79 79
7 90 110 110 111 112 113 114 115 74 74 75 76 77 78 78

95 113 114 115 116 117 118 118 77 77 78 79 80 81 81
8 90 112 112 113 115 116 117 117 75 76 77 78 78 79 80

95 116 116 117 118 119 120 121 78 79 80 80 81 82 82
9 90 114 114 115 116 117 118 119 77 77 78 80 80 80 81

95 117 118 119 120 121 122 122 79 80 81 82 82 83 84
10 90 115 115 116 118 119 120 121 77 77 78 79 80 81 81

95 118 119 120 121 123 124 125 80 80 81 82 83 84 84
11 90 115 116 118 119 121 122 123 77 78 79 80 82 84 85

95 119 120 121 123 124 125 126 80 81 82 83 84 85 86
12 90 115 116 118 120 123 125 126 78 78 80 81 83 84 85

95 118 120 121 124 126 128 129 80 81 83 84 86 87 88
13 90 117 118 120 123 125 127 128 79 79 81 82 83 85 85

95 120 122 124 126 128 130 131 81 82 83 84 86 87 88
14 90 120 120 122 123 125 126 127 81 81 82 83 84 84 85

95 123 124 125 127 128 130 131 83 83 84 85 86 87 87

TABLEIV. Percentiles of height by age groups in the reference higher values be used for both 5- and 6-year-old children in order
sample to avoid any possibility of mislabelling. Additionally, Table III

Age Percentiles of height (em) reveals that the 95th percentile values of systolic and diastolic

(years) 5 10 25 50 75 90 95 blood pressure for 13- and 14-year-old children with a height in
excess of the 90th percentile for age exceeds 130 mmHg and 85

5 100 102 106 110 115 118 121 mmHg (the upper limits of normal blood pressure in adults),
6 103 105 109 114 118 122 125 respectively. We recommend that the values 130 mmHg (for
7 108 110 114 119 123 128 130 systolic blood pressure) and 85 mmHg (for diastolic blood pres-

8 113 115 119 124 129 133 136 sure) be used as upper limits of normality in these age groups

9 117 120 124 129 135 139 142 because they correspond to contemporary internationally recog-

10 122 125 129 135 140 145 148 nized standards for high normal blood pressure in adults. 17.18

11 127 130 135 140 146 151 154 We evaluated our blood pressure records for evidence of
terminal digit preference. A terminal digit preference for zero was12 131 135 140 146 152 158 161 noted for between 63% (diastolic) to 72% (systolic) of the blood

13 137 140 146 152 158 163 166 pressure readings. A similar degree of digit preference has been
14 143 146 152 151- 163 169 172 reported in other large blood pressure surveys.P'"

To study the potential impact of excluding obese children in
small sample of 5-year-old children and the use of a separate our study, we compared the blood pressure measures of obese
regression for each one-year group. We recommend that the children with those of non-obese children included in the present
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TABLEV. Regression coefficients from age-specific blood
pressure regression models*

Age (years) 0; ~ a

For systolic blood pressure
5 97.43 1.57 10.27
6 98.27 1.96 10.01
7 99.63 1.41 9.82
8 101.34 1.60 10.31
9 103.40 1.58 9.95
10 104.72 1.92 10.14
11 107.06 2.20 9.39
12 108.51 3.29 9.24
13 110.94 3.42 9.08
14 112.12 2.33 8.84

For diastolic blood pressure
5 64.53 0.88 8.18
6 64.22 1.44 7.68
7 66.07 1.37 7.86
8 67.56 1.23 7.77
9 68.97 1.34 7.63
10 69.17 1.36 7.76
11 70.88 1.88 7.33
12 71.74 2.26 7.47
13 73.30 2.02 6.76
14 74.53 1.35 6.43

• bloodpressure(age)= (l,+~, (zheight)-x.o, where02 wasestimatedfromthe
residualmeansquarefromtheregressionmodelandX=1.645or 1.280for the95th
and90thpercentiles,respectively

investigation. These results are presented in Table VI. Mean
values of systolic and diastolic blood pressure measures were
consistently higher among obese children compared to non-obese
children in the different age groups studied (with the exception of
children 5-Q years of age, and of 14-year-old girls). These find-
ings appear to justify our exclusion of obese children from the
reference sample; we did not want reference standards for systolic
and diastolic blood pressure to be raised by the inclusion of obese
children.

DISCUSSION

Essential hypertension is a major risk factor for cardiovascular
disease in all age groups and both sexes.F:" Tracking studies, 1-4
serial cross-sectional surveys" and familial studies23.24 have identi-
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fied elevated blood pressure in childhood as an important precur-
sor of hypertension in adults. Therefore, age-, sex-, and height-
specific reference values for blood pressure have been formulated
in the USA to enable recognition of elevated blood pressure in
children.Y These reference standards do not distinguish between
racial or ethnic groups because it is believed that such racial
differences are small, vary among epidemiological studies and are
probably not clinically relevant.' However, variation in body
growth among children across the globe impairs the use of these
reference values, since height percentiles in the USA may not be
applicable elsewhere. We, therefore, studied the distribution of
blood pressure in a large study sample of healthy children in order
to develop age- and height-specific reference standards for nor-
mal blood pressure which would be applicable to Indian children.

Prior studies and clinical implications
Several prior studies have evaluated the blood pressure of Indian
schoolchildren in an attempt to formulate reference values for
blood pressure.P:" All these studies provided nomograms based
on age. None have provided reference values which take into
consideration the age and height of the child simultaneously.
Such data from prior studies are inappropriate for evaluating
blood pressure of children because there is evidence to suggest
that the interpretation of blood pressure measurements in children
should take into consideration, besides age, the differential growth
rates of normal healthy children.

The age- and height-specific reference values for blood pres-
sure of children presented in Table III should facilitate identifica-
tion of hypertensive children. These reference values should be
interpreted in conjunction with the numerical values of height
percentiles listed in Table IV. Since body growth is taken into
account in these reference values, a very tall child will not be
classified as hypertensive and a short child with high blood
pressure will not be missed.

Contrary to published USA national guidelines.Y we did not
partition our reference values for blood pressure by gender be-
cause our linear regression analyses suggested that sex was not a
significant predictor of blood pressure in our sample once age and
height were entered into the multi variable models. This lack of
impact of gender on the blood pressure of schoolchildren has been
underscored in some other studies.P'-" It may be questioned if
statistical significance in multi variable analyses should alone be
used to pool reference values for both sexes. We chose to do so

TABLEVI. Comparison of mean systolic and diastolic blood pressures of obese and non-obese boys and girls in the study sample
according to age

Boys Girls

Age Systolic blood pressure Diastolic blood pressure Systolic blood pressure Diastolic blood pressure
(years)

Non-obese Obese p value* Non-obese Obese p value* Non-obese Obese p value* Non-obese Obese p value*

5 97 (10) 97 (9) ns 64 (8) 67 (7) ns . 97 (10) 98 (11) ns 65 (8) 68 (8) ns
6 99 (10) 100 (10) ns 64 (8) 67 (8) 0.051 98 (10) 99 (9) ns 64 (8) 65 (7) ns
7 100 (10) 103 (10) 0.02 67 (8) 70 (8) 0.001 99 (10) 100 (10) ns 66 (8) 68 (8) 0.006
8 101 (10) 105 (11) 0.001 68 (8) 71 (8) <0.001 101 (11) 104 (10) 0.02 67 (8) 70 (7) 0.004
9 103 (10) 109 (9) <0.001 69 (8) 72 (6) <0.001 103 (10) 106 (11) 0.02 68 (8) 72(7) <0.001
10 105 (10) 110 (9) <0.001 69 (8) 75 (6) <0.001 105 (11) III (10) <0.001 69 (8) 73 (7) <0.001
11 107 (10) 112(10) <0.001 71 (8) 73 (7) 0.002 108 (9) 113 (10) <0.001 71 (7) 75 (6) <0.001
12 108 (10) 116 (8) <0.001 71 (8) 76 (6) <0.001 110 (10) 116 (9) <0.001 72 (8) 76 (7) <0.001
13 110 (10) 119 (8) <0.001 73 (7) 76 (6) <0.001 112 (9) 119 (8) <0.001 74 (7) 77 (5) <0.001
14 112 (9) 118 (10) <0.001 75 (7) 76 (6) 0.05 112 (9) 115 (8) ns 74 (6) 75 (6) ns

* Two-tailedvaluesforcomparisonofmeanbloodpressuremeasuresbetweenobeseandnon-obesegroupsusing 't' -test for independentsamples Figuresin parentheses
are standarddeviations
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because of two additional reasons. For one, sex differences in
blood pressure measures in the age-group studied, if any, were
small. Moreover, we believe that the provision of a single table
with reference values for blood pressure measurements for both
sexes would greatly simplify the use of these reference limits by
practitioners.

It is difficult to compare our reference standards with USA
national standards= because USA standards pooled serial obser-
vations from several states and used the fifth Korotkoff sound as
a measure of diastolic blood pressure. The height percentiles in
our study sample approximate those in the NHANES II in the
USA,36 suggesting that average physical growth in our sample
resembled that in the USA. Our reference values also indicate a
remarkable similarity to the published standards.Y Perhaps it
could be argued that our data demonstrate a relative lack of any
major impact of ethnicity on blood pressure of children.

Limitations
Our study can be criticized for the choice of the study sample and
for the measurement techniques used. The desirability of using a
sample from New Delhi for developing national standards can be
questioned. Such a localized sample preferentially selects urban
schoolchildren. An ideal data set would be one derived from
samples from several regions (national probability sample)."
However, this poses a specific problem when age- and height-
specific blood pressure standards are to be formulated. There is
considerable regional heterogeneity in the growth of children in
our country. Norms for height are likely to be lower if they are
based on a sample of children in whom growth is constrained
because of any reason.'? Given the critical dependence of blood
pressure on height, norms for blood pressure are likely to be lower
as well in such a study sample. Since prior studies have identified
New Delhi as an area with relatively unconstrained physical
growth," we believe that our sample is appropriate. Since over-
feeding and obesity can be associated with unconstrained growth,
we excluded obese children from our reference sample.

We used only one measure of casual blood pressure in our
study. Current recommendations suggest that at least two read-
ings taken on two different visits are necessary for a proper
characterization of blood pressure." Considerations of cost and
time precluded the incorporation of a second school visit in our
study protocol. Some other large surveys have also used single
casual readings of blood pressure in children. The use of the fourth
Korotkoff sound as ameasure of diastolic blood pressure may also
be criticized because contemporary guidelines recommend the
fifth Korotkoff phase for this purpose.' We chose to record the
fourth Korotkoff sound because at the time of conducting the
study this issue (fourth v. fifth Korotkoff phase) had not been
resolved.s-" Prevalent guidelines had advocated the use of the
fourth Korotkoff phase for this purpose."

We have acknowledged earlier the presence of digit preference
in our data. While theoretical considerations would predict that
only 20% of recorded blood pressure measures should end with
zero, practical experience from other large surveys suggest that
this goal is seldom achieved.v-" We advocate that future blood
pressure surveys carefully address this potential problem at vari-
ous stages of implementation of the study (e.g, training of person-
nel and periodic monitoring of blood pressure readings).

Blood pressure is affected by numerous factors (time of the
day, season of the year, part of stethoscope used, fasting v, non-
fasting state of the subject, place of blood pressure measurement,
etc.)," all of which could not be controlled for in the present

investigation. A majority of measurements were made throughout
the day and throughout the year. Most measurements were made
with the children in a non-fasting state.

Conclusion
We present age- and height-specific reference values for blood
pressure ofIndian children based on a large study sample, The use
of these standards should aid in the identification of children with
high blood pressure.

ACKNOWLEDGMENTS
This study was funded by and conducted at the Sitaram Bhartia Institute
of Science and Research, New Delhi. The authors are grateful to Drs Indu
Jaggi, Deepa Dave and D. K. Shukla and social scientists Mr Neerpal Singh
and Mrs Neelam Masson for their assistance in data collection and data
processing.

REFERENCES
Szklo M. Epidemiological patterns of blood pressure in children. Epidemiol Rev
1979;1:143-69.

2 Mahoney LT, Clarke WR, Burnes TL, Lauer RM. Childhood predictors of high
blood pressure. Am J Hypertens 1991;4:608-10.
Shear CL, Burke GL, Freedman DS, Berenson GS. Value of childhood .blood
pressure measurements and family history in predicting future blood pressure
status: Results from 8 years of follow-up in the Bogalusa Heart Study. Pediatrics
1986;77:862-9.

4 Cook NR, Gillman MW, Rosner BA, Taylor 10, Hennekens CH. Prediction of
young adult blood pressure from childhood blood pressure, height and weight. J
Clin EpidemioI1997;50:571-9.

5 Update on the 1987 Task Force Report on High Blood Pressure in Children and
Adolescents: A working group from the National High Blood Pressure Education
Program. National High Blood Pressure Education Programme on Hypertension
Control in Children and Adolescents. Pediatrics 1996;98:649-58.

6 Task Force 1987on Blood Pressure Control in Children. Report of the Second Task
Force on Blood Pressure Control in Children 1987. Pediatrics 1987;79:1-25.

7 Gillum RF, Prineas RJ, Horibe H. Maturation versus age: Assessing blood pressure
by height. J Natl Med Assoc 1982;74:43-6.

8 Rosner BA, Prineas Rl, Loggie lMH, Daniels SR. Blood pressure nomograms for
children and adolescents, by height, sex, and age, in the United States. J Pediatr
1993;123:871-86.

9 Shasha SM, Ben Dror G, Epstein L, Tamir A, Silverberg D. Blood pressure
measurement in children aged 6 to 15 years-the Nahariya Study. Isr J Med Sci
1987;23:792-7.

10 Macedo ME, Lopes L, Pereira A, de Freitas AF. Blood pressure normal values in
children and adolescents according to age and height. Rev Port CardioI1997;16:
679-82.

II Walter Hl, Hofman A. Socioeconomic status, ethnic origin, and risk factors for
coronary heart disease in children. Am Heart J 1987;113:812-18.

12 Weiss NS, Hamill PYY, Drizd T. Blood pressure levels of children 6--11 years:
Relationship to age, sex, and socioeconomic status. Vital and Health Statistics,
Series II, Data from the National Health Survey no. 135. DHEW Publication No.
(HRA) 74-1617, Rockville, MD, 1973.

13 Gutin B, Basch C, Shea S, Contento I, DeLozier M, Rips 1, et al. Blood pressure,
fitness, and fatness in 5- and 6-year-old children. JAMA 1990;264:1123-7.

14 Rocchini AP, Katch Y, Anderson 1,Hinderliter 1,Becque D, Martin M,etal. Blood
pressure in obese adolescents: Effect of weight loss. Pediatrics 1988;82: 16--23.

15 Must A, Dallal GE, Dietz WHoReference data for obesity: 85th and 95th percentiles
of body mass index (wtlht,) and triceps skinfold thickness. Am J c/in Nutr
1991;53:839-46.

16 Gillman MW, CookNR. Blood pressure measurement in childhood epidemiological
studies. Circulation 1995;92:1049-57.

17 The sixthreport of theJointNational CommitteeonPrevention,Detection, Evaluation,
and Treatment of High Blood Pressure. Arch Intern Med 1997;157:2413-46.

18 Guidelines Subcommittee of the World Health Organization: International Society
of Hypertension (WHO-ISH) Mild Hypertension Committee. 1999World Health
Organization: International Society ofHypertension Guidelines for theManagement
of Hypertension. J Hypertens 1999;17:151-83.

19 Burke GL, Webber LS, Shear CL, Zinkgraf SA, Smoak CG, Berenson GS. Sources
of error in measurement of children's blood pressure in a large epidemiological
study: Bogalusa Heart Study. J Chronic Dis 1987;40:83-9.

20 Bennett S.Blood pressure measurement error: Its effect on cross-sectional and trend
analyses. J Clin EpidemioI1994;47:293-301.

21 MacMahon S, Peto R, Cutler 1,Collins R, Sorlie P, Neaton 1,et al. Blood pressure,
stroke, and coronary heart disease. I. Prolonged differences in blood pressure:
Prospective observational studies corrected for the regression dilution bias. Lancet
1990;335:765-74.



156 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 12, NO.4, 1999

22 Brotons C, Singh P, Nishio T, Labarthe DR. Blood pressure by age in childhood and 31
adolescence: A review of 129 surveys worldwide. Int J Epidemiol 1989;18:
824-9. 32

23 Munger RG, Prineas RJ, Gomez-Marin O. Persistent elevation of blood pressure
among children with a family history of hypertension: The Minneapolis Children's 33
Blood Pressure Study. J Hypertens 1988;6:647-53.

24 Brandao AP, Brandao AA, Arajo EM, Oliveira RC. Familial aggregation of arterial 34
blood pressure and possible genetic influence. Hypertension 1992;19 (2 Suppl):lI-
214-17.

25 Sachdev Y. Normal blood pressure and hypertension in Indian children. Indian 35
Pediatr 1984;1l:41-8.

26 Laroia M, Sharma M, Diwedi V, Belapurkar KM, Mathur PS, Profile of blood
pressure in normal school children. Indian Pediatr 1989;26:531-6. 36

27 Gupta AK, Ahmad AJ. Normal blood pressures and the evaluation of sustained
blood pressure elevation in childhood. Indian Pediatr 1990;27:33-42.

28 Singh BM, Vashisht S, Bachani D. Variations in blood pressure of adolescents in 37
relation to sex and social factors in a rural area of Haryana. Indian J Public Health
1994;38:14-17.

29 Agarwal R, Mandowara SL, Bhandari B, Garg OP. Prevalence of hypertension in 38
apparently healthy school children. Indian Pediatr 1982;19:779-84.

30 Agarwal VK, Sharan R, Srivastava AK, Kumar P, Pandey CM. Blood pressure
profile in children of age 3-15 years. Indian Pediatr 1983;20:921-5.

39

Chahar CK, Shekhawat V, Miglani N, Gupta BD. A study of blood pressure in
school children at Bikaner. Indian J Pediatr 1982;49:791-4.
Anand NK, Tandon L. Prevalence of hypertension in school-going chiidren.Indian
Pediatr 1996;33:377-81.
Sharma BK, Sagar S, Wahi PL, Talwar KK, Singh S, Kumar L. Blood pressure in
schoolchildren in northwest India. Am J EpidemioI1991;134:1417-26.
Voors AW, Foster TA, Frerichs RR, Webber LS, Berenson GS. Studies of blood
pressures in children, ages 5-14 years, in a total biracial community: The Bogalusa
Heart Study. Circulation 1976;54:319-27.
St. George 1M, Williams SM, Silva PA, Blood pressure level. trend, and variability
in Dunedin children: An 8-year study of a single birth cohort. Circulation 1990;
82:1675-80.
Hamill PVV, Drizd TA, Johnson CL, Reed RB, Roche AF, Moore WM. Physical
growth: National Center for Health Statistics percentiles. Am J Clin Nutr 1979;32:
607-29.
Dibley MJ, Goldsby JB, Staehling NW, Trowbridge FL. Development of normalized
curves for the international growth reference: Historical and technical considerations.
Am J Clin Nutr 1987;46:736-48.
Agarwal KN, Agarwal DK, Benakappa DG, Gupta SM. Khanduja PC. Khatua SP,
et al. Growth performance of affluent Indian children (under- five): Growth standard
for Indian children. New Delhi:Nutrition Foundation of India, 1991 (Scientific
report II).
Londe S. Blood pressure measurement. Pediatrics 1987;80:967-8.

A high rate of Caesarean sections in an affluent section of
Chennai: Is it cause for concern?

M. PAl, P. SUNDARAM, K. K. RADHAKRISHNAN, K. THOMAS, J. P. MULIYIL

ABSTRACT
Background. While risingCaesarean section rates have been

the subject of much attention and debate worldwide, there Isnot
much Information available on this rate and Its potential adverse
impact in India.

Hethods. Our survey was a standard Expanded Programme
on Immunization 30-cluster design, carried out in an urban,
educated, middle/upper classpopulation in Chennai. Mothers of
210 children aged 12-36 months were interviewed and data
collected on Immunization and breast-feeding practices. Since the
mode of delivery was one of the questions, we could generate
population-based data on the Caesarean section rate and its
influence on breast-feeding.

Results. Of the 210 babies, 95 (45%, 95% confidence
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interval: 39.1-51.3) had been delivered by Caesarean section.
Two hundred and six of 21 0 babies (98%) had been breast-fed
at some time. However, babies born byCaesarean section tended
to be started late on breast-feeds were givenprelacteal feeds more
often, and colostrum less often when compared to babies
delivered vaginally (all statistically significant).

Conclusions. Our study revealed a very high rate of Caesar-
ean section in the selected metropolitan population. On purely
scientific grounds, a rate of 40% to 50% isextremely difficult to
justify. Though not conclusive, the data also suggest that Caesar-
ean section may be adversely affecting some aspects of breast-
feeding. There is a need for more data and audits on Caesarean
section rates in India, and a wider debate on its potential adverse
impact on the health of mothers and newborns.
Natl Med J India 1999; 12: 156-8

INTRODUCTION
While the crucial, life-saving role of the Caesarean section (CS)
in modern obstetrics is obvious, the potential adverse impact of
high CS rates is less obvious and rarely discussed. Oflate, concern
has been expressed about rising CS rates in many countries. 1.2 For
example, in the USA, CS rates increased from 5% to 25% injust
two decades.' In China, in the past three decades, the proportion
of babies delivered by CS increased from 4.7% to 22.5%.4 In


