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Abstract

Background: Reference data for plasma lipids and blood pressure are not available for Asian
Indian adolescents. This study aimed to develop representative age- and sex- specific percentile
reference data for serum lipids [total cholesterol (TC), triglycerides (TG), low density lipoprotein
cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), non-HDL cholesterol] and
blood pressure for urban Asian Indian adolescents aged 14—18 years. The sample consisted of 680
boys and 521 girls aged 14—18 years from the cross-sectional population survey, Epidemiological
Study of Adolescents and Young Adults (ESAY) for whom the data for serum lipid levels and blood
pressure were recorded. Smoothed age- and sex- specific 5th, 10th, 25th, 50th, 75th  85th 90t and
95th percentiles where derived using LMS regression.

Results: Percentile-based reference data for serum lipids and blood pressure are presented for
adolescent Asian Indian boys and girls for the first time. Asian Indian adolescents had lower levels
of serum TC, LDL-C and HDL-C and higher TG than their counterparts in the USA. Interesting
trends in TC and HDL-C levels where observed, which might reflect changes in dietary pattern and
physical activity in this age group in India.

Conclusion: These reference data could be used to identify adolescents with an elevated risk of
developing dyslipidemia, hypertension and cardiovascular disorders, to plan and implement
preventive policies, and to study temporal trends.

Introduction streaks and fibrous plaques occur in children and adoles-
Atherosclerosis begins in childhood and progresses to cor-  cents [2-4]. The risk factors for atherosclerosis, such as
onary heart disease (CHD) in adults [1]. Aortic fatty = dyslipidemia, hypertension, and insulin resistance may
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Table I: Mean (SD) of lipid levels and blood pressure in urban Asian Indian adolescents 14-18 y of age

Age (y) n TC (mgldl) LDL-C(mg/dl) TG (mgldl) HDL-C (mgl/d) SBP (mmHg) DBP(mmHg)
Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls

14 58 65 148.9 1484 8338 80.7 924 95.8 46.5 482 113.9 1.6 726 72.0
(21.0) (26.0) (20.3) (26.5) (37.8) (285) (8)5) (10.3)  (10.3)  (9.6) (7.6) (7.0)

15 134 109 148.9 1554 842 87.8 86.7 92.0 474 48.3 112.7 1.7 734 732
(27.3) (236) (27.3) (239) (305 (28.0) (7.9 (8.3) 9-8) (8.9) (7.4) (7.0)

16 218 155 149.3 1538 821 86.4 89.0 96.7 47.9 48.0 114.1 1.6 739 728
(24.0) (214 (258) (232) (29.7) (28.0) (6.1) (8.5) 9.5) (9.3 (7.0) (6.6)

17 182 84 142.3 152.3 77.8 83.2 86.3 92.7 48.2 49.5 115.6 109.7  75.6 713
279) (214 (279 (247) (32.1) (2900 (6.9 (7.8) 9.2) 9.9 (6.4) (7.3)

18 88 108 136.9 158.1 71.7 84.3 89.1 923 47.7 55.6 116.0 1098 755 725
(24.1)  (238) (22.1) (247) (340) (289) (7.0 (7.6) (9.0) (8.2) 6.7) (7.2)

TC, Total cholesterol; LDL-C, Low-density lipoprotein cholesterol; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol; SBP, Systolic

blood pressure; DBP, Diastolic blood pressure.

For conversion to mmol/L for TC, LDL-C and HDL-C, multiply by 0.02586

For conversion to mmol/L for TG, multiply by 0.01129
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Figure |

Smoothed percentile curves for the 5t, [0th, 25th, 50th, 75th,
85th, 90th and 95th percentiles of total cholesterol for urban
boys 1418 years of age.

arise in children and adolescents, and contribute signifi-
cantly to the acceleration of atherosclerosis [1].

Tracking of total cholesterol (TC) and low-density lipo-
protein cholesterol (LDL-C) levels from childhood to
adults is well known. The National Cholesterol Education
Program, Adult Treatment Panel III (NCEP, ATP III) iden-
tified LDL-C as the primary target for cholesterol-lowering
therapy [5]. Elevated triglycerides (TG) and low levels of

20 —
-
. \__\_—‘/
©
.? 15 <+ w
(2] ,~—————— -
®
-_1_ -———e,m
& 10 4
e -
3 -
3 05 L
o
=

0.0 f f I f {

13 14 15 16 17 18
Age

Figure 2

Smoothed percentile curves for the 5t, 0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of serum triglycerides for urban
boys 14—18 years of age.

high-density lipoprotein cholesterol (HDL-C) are markers
of atherogenic dyslipidemia [6-8]. Specifically, low levels
of HDL-C is an independent risk factor for CHD [9]. Non-
HDL cholesterol also shows strong correlation with CHD
mortality [10] and has been recommended as a secondary
target of therapy [5].

CHD is increasingly becoming a leading cause of death in

India and other developing Asian countries. South Asians
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Smoothed percentile curves for the 5th, [0th, 25th, 50t 75th,
85th, 90th and 95t percentiles of low-density lipoprotein cho-
lesterol for urban boys 14—18 years of age.
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Smoothed percentile curves for the 5t, [0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of high-density lipoprotein cho-
lesterol for urban boys 14—18 years of age.

have premature and severe CHD as compared to white
Caucasians [11]. Important contributory factors for CHD
in South Asians are insulin resistance and resultant dysli-
pidemia [12]. We have recently reported that insulin
resistance and low levels of HDL-C are common in Asian
Indian adolescents, portending high risk for development
of CHD in adults [13,14].

http://www.lipidworld.com/content/4/1/20
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Figure 5

Smoothed percentile curves for the 5t, |0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of non high-density lipoprotein
cholesterol for urban boys 14—18 years of age.

No representative percentiles reference data for plasma
lipids and blood pressure in Asian Indian adolescents are
currently available. These data are required for proper
diagnosis and prevention of dyslipidemia, hypertension,
and CHD. The purpose of this study was to develop repre-
sentative age- and sex- specific percentile reference data
for serum lipids (TC, LDL-C, HDL-C, TG, non-HDL cho-
lesterol), and blood pressure [systolic blood pressure
(SBP) and diastolic blood pressure (DBP)] for urban
Asian Indian adolescents aged 14-18 years (y).

Methods

Subjects

The data were taken from an epidemiological study
involving adolescents and young adults (aged 14-25 y)
from schools and colleges located in southwest area of
New Delhi. Multistage cluster sampling based on modi-
fied World Health Organization Expanded Program of
Immunization Sampling Plan was used to collect a repre-
sentative sample of adolescents and young adults [15].
First, two separate lists, one containing the names of
schools and the other containing the names of colleges
located in the defined area were prepared. A 'cluster' was
defined as a school or a college. A total of 40 clusters were
randomly selected from the two lists. The number of
schools and colleges was determined based on the pro-
portional allocation to ensure the representativeness of
the sample with respect to clusters and socioeconomic
strata. For both schools and colleges, a 'section' was con-
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Figure 6

Smoothed percentile curves for the 5th, 10th, 25th 50th, 75th)
85th, 90th and 95t percentiles of systolic blood pressure for
urban boys 14—18 years of age.
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Figure 7

Smoothed percentile curves for the 5t, [0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of diastolic blood pressure for
urban boys 14-18 years of age.

sidered as the primary sampling unit at the second stage
of sampling. Subsequently from each of the schools/col-
leges, two to four sections were selected depending upon
the number of the students in the section. All the students
in the selected section were included in the study.
Informed consent was obtained from the parents of the
selected children. The institutional ethics committee
approved the study. The data set consists of 680 boys and

http://www.lipidworld.com/content/4/1/20
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Smoothed percentile curves for the 5th, 10th, 25th, 50th, 75th)
85th, 90th and 95t percentiles of total cholesterol for urban
girls 14—18 years of age.

521 girls aged 14 to 18 y. The sample characteristics are
presented in table 1.

Lipoproteins

For estimation of lipoproteins, blood samples were
obtained after an overnight fast of 10 hours. Levels of TC,
TG, and HDL-C were estimated using commercially avail-
able kits (Randox Laboratory, San Francisco, CA, USA) on
a semi-automated analyzer (das srl, palombara, Sabina,
Italy) as described previously [13,16]. Value of LDL-C was
calculated according to the Friedewald's equation [17].
The estimation of all lipids was rigorously quality control-
led by a consultant biochemist (KL), and frequently
checked with values of another reference laboratory. Inter-
assay and intra-assay variability of estimations were kept
at less than 5%.

Blood Pressure

Blood pressure was measured by a standard mercury
sphygmomanometer (Industrial Electronic and Allied
Products, Pune, India), after the subject had rested for 5
min in the sitting position, using the appropriate cuff size.
Phase 5 Korotkoff sounds were taken for diastolic blood
pressure categorization. In case of an abnormal blood
pressure recording, another reading was obtained after 5
min rest and the mean of the two values was taken for the
final record. The same physician measured the blood pres-
sure using the same instrument for all the subjects. The
mercury sphygmomanometer was periodically validated
against a Hawksley Random Zero Sphygmomanometer
(Hawksley, Lancing, Sussex, UK).
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Table 2: Smoothed age- and sex- specific serum total cholesterol
(mmol/l) percentile values for urban Asian Indian adolescents
14-18 y of age.
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Table 4: Smoothed age- and sex- specific percentile values for
high-density lipoprotein cholesterol (mmol/l) for urban Asian
Indian adolescents 14-18 y of age.

Age 5t [oh  25% 50t 75t 85t 9ot 95th

Age 5t [oh 25t 50t 75t 85t 9Qth 95t

Boys
14 298 315 345 382 422 445 462 488
15 287 3.06 340 381 425 451 469 497
16 284 304 339 382 429 456 475 504
17 268 286 3.19 361 408 436 456 488
18 260 277 3.08 347 394 422 443 476
Girls
14 293 309 338 376 420 447 467 499
15 3.09 327 360 399 440 464 480 505
16 3.07 326 359 397 435 456 470 4091
17 305 323 356 393 431 451 466 487
18 3.16 335 367 405 447 471 488 5.3

Boys
14 08 093 105 120 135 143 148 1.57
15 091 098 I1.10 123 136 143 148 .55
16 096 1.02 1.12 124 135 14l] 1.46 1.52
17 098 104 [.13 124 136 142 147 154
18 098 1.03 .1l 1.21 1.33 141 1.47  1.56
Girls
14 086 093 1.07 124 14l 1.51 1.58 .68
15 088 09 1.09 124 140 148 154 .63
16 09 097 110 124 138 146 152 1.60
17 09 1.03 1.14 128 |4l 149 154 .62
18 112 119 130 143 157 164 170 .77

Table 3: Smoothed age- and sex- specific percentile values for
low-density lipoprotein cholesterol (mmol/l) for urban Asian
Indian adolescents 14-18 y of age.

Age 5t [oh 25%h 50t 75t g5t 9Qth  95th

Boys
14 124 143 1.76 214 252 273 288 3.09
15 .15 1.37 1.74 218 263 288 306 3.3l
16 .10 129 1.65 209 257 284 303 332

17 1.04 .21 153 194 242 270 291 323
18 098 .13 1.4l 1.78 222 249 269 3.00
Girls
14 112 130 1.64 205 251 276 294 322
15 124 146 182 224 268 292 3.09 334
16 123 145 181 222 264 286 301 324
17 1.1I8 139 1.75 216 257 280 295 3.9
18 122 140 1.73 214 258 284 301 329

Statistical methods

The data were first examined for outliers. The LMS
method was used to obtain smoothed centile curves for
each of the anthropometric variables. The need for centile
curve arises when the measurement is strongly dependent
on some covariate, often age, so that the reference range
changes with the covariate. The LMS method uses Box-
Cox power transformation, which deals with the skewness
present in the distribution of the anthropometric meas-
urement and provides a way to normalize the measure-
ment. The final centile curves are the result of smoothing
three-age specific curves called L (lambda), M (mu) and S
(sigma). The M and S curves correspond to the median
and coefficient of variation of the measurement at each
age whereas the L curve allows for the substantial age
dependent skewness in the distribution of the measure-

ment. The points on each centile curves are defined by the
following formula:

M(1+LSz)/L,

where L, M and S are the values of the fitted curves at each
age, and z denotes the z score, i.e. the standard score with
mean O and a standard deviation of 1, for the required
centile, for example z = 1.645 for the 95t centile. The
main assumption underlying the LMS method is that after
Box-Cox power transformation the data at each age are
normally distributed.

Descriptive statistics were computed using STATA 8.0
intercooled version (STATA Corporation, College Station
Road, Houston, Texas) and the LMS regressions were per-
formed using LMS Pro software (The Institute of Child
Health, London).

Results

Smoothed age- and sex- specific cut-offs of serum TC,
LDL-C, HDL-C, TG, non-HDL-C, SBP and DBP at the 5t,
10th, 25th, 50th, 75th g5th 9Qth, and 95t percentiles are
presented in tables 2, 3, 4, 5, 6, 7, 8. Figures 1, 2, 3, 4, 5,
6, 7 present the smoothed percentile curves graphically for
boys and figures 8, 9, 10, 11, 12, 13, 14 present the
smoothed percentile curves graphically for girls.

Boys aged 14 to 16 y showed a minimal increase in mean
serum TC followed by a sharp decline at ages 17 and 18y.
Serum TC in adolescent girls, on the other hand, showed
a relative minimum at 16 and17 y. Overall girls had
higher mean TC than boys. The 95t percentile for TC in
girls aged 18 y was the highest estimate for all ages and
both sexes. Mean LDL-C in both boys and girls aged 14
to18 y was highest at 15 y and decreased with age beyond
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Table 5: Smoothed age- and sex- specific percentile values for
serum triglycerides (mmol/l) for urban Asian Indian adolescents
14-18 y of age.
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Table 7: Smoothed age- and sex- specific percentile values for
systolic blood pressure (mm Hg) for urban Asian Indian
adolescents 14-18 y of age.

Age(y) 5% [0t 25t 50n 75t 85t 90t 95th

Age(y) 5t [oh 25t 50t 75t 85t 90t 95th

Boys
14 055 062 075 09 122 140 154 179
15 053 060 073 092 1.6 132 144 163
16 054 061 076 095 120 135 146 1.65
17 051 059 073 092 [I.16 131 143 |l.el
18 054 060 074 094 1.19 136 149 171
Girls
14 062 070 085 1.04 127 141 151 1l.66
15 060 068 082 1.00 122 135 145 1.60
16 064 071 086 1.05 128 142 152 168
17 060 0.67 082 .01 123 137 147 162
18 058 0.66 081 1.00 123 137 147 1l.64

Boys
14 99 103 108 115 121 125 127 131
15 98 101 107 113 119 123 125 128
16 98 102 108 114 120 123 125 129
17 100 103 109 115 121 125 127 130
18 102 105 110 116 122 125 128 13l
Girls
14 96 100 105 112 118 121 123 127
15 97 100 105 11l 118 121 123 127
16 97 100 105 111 118 121 124 127
17 95 98 103 109 116 119 121 125
18 96 99 104 110 116 119 121 124

Table 6: Smoothed age- and sex- specific percentile values for
non-HDL cholesterol (mmol/l) for urban Asian Indian
adolescents 14-18 y of age.

Table 8: Smoothed age- and sex- specific percentile values for
diastolic blood pressure (mm Hg) for urban Asian Indian
adolescents 14-18 y of age.

Age(y) 5t |oth 25t 50t 75t 85th  9Qth  95th

Age(y) 5t Joh 25t 50t 75t g5t 9Qth  95th

Boys Boys
14 1.71 191 224 262 301 323 338 3.60 14 61 64 68 73 78 8l 82 85
15 1.60 1.81 219 263 3.08 334 352 3.78 15 62 64 69 74 79 8l 83 85
16 1.56 1.76 213 257 3.05 333 352 382 16 62 65 69 74 78 8l 82 85
17 146 1.63 195 236 283 3.2 332 3.64 17 64 67 71 75 80 82 84 86
18 142 156 1.85 222 268 297 3.9 353 18 64 67 71 76 80 82 84 86
Girls Girls
14 1.66 1.84 217 256 298 323 340 3.65 14 60 63 68 72 77 79 8l 83
15 1.79 199 235 275 3117 340 356 3.80 15 62 64 69 73 78 80 82 84
16 1.77 198 233 273 3.3 335 350 3.72 16 62 64 68 73 77 80 8l 84
17 1.70 190 225 264 3.06 328 344 3.67 17 60 63 67 71 76 78 80 83
18 1.67 186 220 261 3.06 332 350 3.78 18 61 63 68 72 77 80 82 85
15 y. Girls had higher mean LDL-C than boys at all ages.
The serum non-HDL-C levels followed a similar trend. Discussion

The 95t and 75t percentile of TC and LDL-C (which
define high and borderline elevated cholesterol
respectively in children and adolescents) are of special
note [18]. Mean HDL-C was relatively constant among 14
to 18 y old boys and girls except that in girls mean HDL-
C levels increased 1.5 mmol/l from 17 to 18 y. The 5th per-
centile, which would define low HDL-C in these adoles-
cents, is also represented in table 4. Mean serum TG levels
did not vary significantly among 15 to 18 year olds except
for a small increase at 16 years for both sexes. The mean
TG was generally higher in girls at all ages.

The mean SBP and DBP in both sexes did not vary signif-
icantly between the different age groups. Boys aged 16 to
18 y had a greater systolic and diastolic BP than girls.

Representative age- and sex- specific reference data on the
distribution of lipids and blood pressure in urban Asian
Indian adolescents aged 14 to 18 y have been provided for
the first time. This data can be used as a reference for the
urban Indian population for comparison to other studies,
to measure the progress in health of Indian adolescents in
the future, and to plan and implement intervention pro-
grams for the prevention of cardiovascular disease.

There are interesting trends in the TC and HDL-C levels in
urban Indian adolescent population, which may be signif-
icantly accounted for by the marked diet and lifestyle
changes in the 15 to 18 y age group. 15 to 17 y old
adolescents in India are subjected to strenuous and
important examinations leading to adverse diet changes

Page 6 of 9

(page number not for citation purposes)



Lipids in Health and Disease 2005, 4:20

20 —
_|
=3
\J\_,____—
< 15 + -
(2] —_—  —
(1] -
=
S 10 + -
n -
3 -
3 o5 4
o
—
0.0 t } f f !
13 14 15 16 17 18
Age
Figure 9

Smoothed percentile curves for the 5t, [0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of serum triglycerides for urban
girls 1418 years of age.

r 35 -—
O
l- /ﬁ_—\\_———"/
. . ’m
o
g 25 1 /‘_—_-\—————-
-
®
= /_‘\E
© 20 1
3 /_\*
3 15 +
o — T
= P
=~ 1.0 } t t t {
13 14 15 16 17 18
Age
Figure 10

Smoothed percentile curves for the 5th, 10th, 25th 50th, 75th)
85th, 90th and 95t percentiles of low-density lipoprotein cho-
lesterol for urban girls 14—18 years of age.

and inactivity during this period [19], which may have
resulted in high TC and lower HDL-C levels in these ado-
lescents. An average urban Indian adolescent enters col-
lege at the age of 17 to 18 y, when physical activity and
diet are likely to improve which could lead to lower TC
and higher HDL-C levels observed in this age group.

http://www.lipidworld.com/content/4/1/20
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Smoothed percentile curves for the 5t, |0th, 25th, 50th, 75th,
85t, 90th and 95t percentiles of high-density lipoprotein cho-
lesterol for urban girls 14—18 years of age.
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Figure 12

Smoothed percentile curves for the 5t, |0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of non high-density lipoprotein
cholesterol for urban girls 14—18 years of age.

The serum lipid levels were compared with Lipid Research
Clinics (LRC) and NHANES III data from the USA [20-
22]. TC and LDL-C levels were consistently lower in Asian
Indians than in the USA in both sexes and across the age
groups studied. Secular data in TC levels in adolescents in
the USA, showed a downward trend from 1966-1970
(NHES 1III) to 1988-1994 (NHANES III) [22]. However,
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Smoothed percentile curves for the 5th, [0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of systolic blood pressure for
urban girls 14—18 years of age.
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Figure 14

Smoothed percentile curves for the 5t, [0th, 25th, 50th, 75th,
85th, 90th and 95t percentiles of diastolic blood pressure for
urban girls 14—18 years of age.

TC levels in Asian Indian adolescents were lower than
those observed in the USA in the more recent NHANES III
data.

The data show that TG levels in Asian Indian adolescents
were lower than that observed in the NHANES III study at
percentiles higher than the 75th, despite being higher at

http://www.lipidworld.com/content/4/1/20

the lower percentiles [22]. Asian Indian adolescents had
higher HDL-C levels at lower percentiles than their
counterparts in the USA [22] and lower HDL-C levels at
percentiles greater than the 50t. Although the TC and
LDL-C levels are lower in urban Asian Indian adolescents
than in other populations, however, the fasting
hyperinsulinemia (fasting serum insulin level >20
microunits/ml)[23], indicative of insulin resistance, was
seen in 50% of girls and 19% of boys, in addition to the
presence of other cardiovascular risk factors such as high
C-reactive protein (CRP) levels [13,14,16]. These data
indicate that although lipids may be important in patho-
genesis of CAD in adult Asian Indians, it may not be
always possible to ascertain the risk based on lipid levels
alone during childhood. The cardiovascular risk in young
Asian Indians could be better estimated by assessing
several other biochemical factors (insulin, CRP, non-
esterified fatty acids) in addition to lipids.
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