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South Asian adults are known to have very highsrateCoronary heart disease (CHD) and insulin resigta
and, even as adolescents, may show higher riskrfafiir CHD. The aim of this study was to investigthe
prevalence of small, dense low density lipoprotgidLDL) subclasses in a cohort of adolescent baye
specific objective was to investigate the relatidpbetween measures of fatness, ethnicity and diameter in
this cohort. Preformed native (non-denaturingypotylamide 3-13% gradient gels and a multipurpas#ical
electrophoresis system were used for the separatibBDL sub-fractions in a single school year cahafrboys
aged 15-16 years (n=135). Latex beads and thyratifobtandards were used to construct a calibratiome in
order to calculate LDL particle diameters by regi@s (Total Lab Software v1.11). ANOVA was used to
compare LDL size among different ethnic groups (SR8d Stat View). The study sample was comprised of
45.2% Caucasians, 41.5% East Asians and 13.3% frerintlian subcontinent (South Asians).There wasra n
significant trend for South Asians to have a low®L diameter than either Caucasians or East Asiays bo
which was independent of % total body fat (%TBF) &ody mass index (BMI). This is the first adoledcen
cohort to examine sdLDL which included CaucasiarestEnd South Asians. It appears that the higlsér ri
profile for CHD and diabetes noted in South Asianl@dmay be evident even during adolescence.

Key Words. adolescence, coronary heart disease, arteriosclerosis, small dense low density lipoproteins, LDL size,
lipoprotein subtractions, non-denaturing gradient gel electrophoresis, Caucasian, Asian, Australia.

Introduction Based on studies in largely Caucasian Amerjmamu-
Low density lipoproteins (LDL) are composed of heterdations, the prevalence of pattern B is 10-15% iale®
geneous particles differing in size, density anénsical under 20 years of ade.One recent study of children aged
composition. Two phenotypes, A (predominantly large3-16 years found a prevalence of small dense LDL of
buoyant particles) and B (predominantly small deng®% among 80 obese youthsAnother study which inve-
particles), have been characterized, and it has 8emon- stigated the relationship between insulin sensjtiiipo-
strated that the B phenotype (also called pattgrm&y be protein distribution, and LDL patterns in young dsul

a genetic marker for CHB. Compared to large buoyantfound no participants with LDL phenotype patteri’B.

LDL particles, small dense LDL particles are associated The aim of this study is to investigate thevalence of
with a more atherogenic type of lipoprotein prdfilmith LDL subclasses in a cohort of Australian adolesceysb
increased plasma triglyceride, apolipoprotein (ap)00, from Caucasian, East Asian and South Asian backgroun
and reduced levels of high density lipoprotein est#rol and to determine whether there are any differebgesth-
and apo A-f Even among children, racial and gendenicity in LDL subclasses when measures of fatness ar
differences in lipids have been noted and may W& at controlled for.

butable to environmental influences such as dietyaise

and obesity:® The factors often associated with the de-

creased LDL size are male gender, increased trigteer

concentrations, and decreased HDL cholesterol cencen

trations! Levels of lipids and lipoproteins among children

vary by sex, race/ethnicity, and are correlatech vege,
obesity, and other characteristicslowever, most previous COrrespondence address: Mag. Verena Raschke
studies investigating the relationship between LRktiple E‘r?it\'/tgrt;t?/fo'}“i}ir'etfnn;' f;:r?;es

size and CAD risk factors have been limited to &jind £ ail- v.raschke@gimx.at

little information is available in regard to adatests’ Accepted 3 March 2006




V Raschke, | EImadfa, MA Bermingham and K Steinbeck 497

Table 1. Biochemical parameters of the cohort of adolessbeys. (Means +SD)

Total group Caucasian East Asian South Asian P value
(n=135) (n=61) (n=56) (n=18)

Total cholesterol (mmol/l) 40+0.8 3.9+0.7 41+09 41+0.6 0.387
HDL-C (mmol/l) 13+04 1.3+04 14+04 3.3 0.286
LDL-C (mmol/l) 23+0.8 2207 2310 0.6 0.636
TC/HDL ratio 33x1.0 3.3+0.9 32+11 349 0.803
Triglycerides (mmol/l) 09+0.2 0.9+0.3 0.94 09+0.2 0.835
TG/HDL-C 0.7+0.3 0.8+0.4 0.7+£0.3 0.7 80. 0.500
APO A-1 (mg/dl) 118.9 +34.2 114.9+32.1 125.653 1114 +34.4 0.146
Apo B (mg/dI) 77.3+26.4 726+ 244 82.3%5 76.9+20.4 0.128
Apo Al/ B ratio 1.7+0.6 1.7+0.6 1.7+0.7 5%04 0.461
Insulin (pmole/l) 71.6 +43.6 93.6 £85.5 62.29.9 93.6 £85.5 0.491*
Insulin (log transformed) 41+05 41+05 2404 43+0.6 0.234

* One Way ANOVA, * Kruskal Wallis test

M ethods applied at either side of the samples. Samplesstant
Subjects dards were mixed with BPB-sucrose solution andkirac
The LDL size determination was carried out on plasmalye respectively, before loading on to the gel. ctte
collected from a single school year cohort of baged phoresis was performed for at total of 2670 volarisoat
15-16 years (n=135) who were recruited from a metroincreasing voltage in a cabinet controlled at 4t order
politan boys high school for a cohort study, seéhtdeS, to determine LDL size, on completion of electrophises
Mahajan D, Steinbeck KS, Bermingham MA. Relation-the gel was cut into separate sections for stasdand
ship between measures of fatness, lipids and étyyimica  specimens. The portion containing standards was the
cohort of adolescent boys. Annals of Nutrition & tsle stained for protein with Coomassie Brilliant Blue it

bolism. 2002; 46:1* perchloric acid and destained with acetic acid.
The two parts of the gel were reassembledsaadned
Clinical data on a Total Lab Image scanner (Model Nr: Power Look

Fasting blood samples had been analysed for glucosil). The gel-images were scanned in 8-bit graysaaid
insulin, total cholesterol, HDL cholesterol, trighrade  analysed with the Total Lab Software v1.11 (Amersham
concentration, apolipoprotein A-l, apolipoproteinlBO  Pharmacia Biotech AB, Sweden), which was used to
and low-density lipoprotein cholesterol. The anthro-determine the height of the peaks (in pixel). Lateads
pometric measurements of weight, height, waist laipd and thyroglobulin standards were used to consteuct
circumferences were used to calculate BMI (weight i calibration curve in order to calculate the LDL pa«i
kg/height in mM) and waist to hip ratio (WHR). Percent diameters by linear regression. The analysed gele w
total body fat (% TBF) was estimated by bioelectnipe-  permanently preserved in sealed plastic bags congpi
dance analysis. Demographic and behavioural Vasab bacteriostatic preservative. Pattern B was defineda
(age, country of origin, parent's medical histoegting peak particle diameter (PPD) of % 25.5 nm and patte
habits, smoking, alcohol intake, and level of pbgbacti- as more than 25.5 nm. These values are used fot adul
vity including vigorous and non vigorous and sedgnt data and may be inappropriate for children. A shgh
life style i.e. watching TV and computer or videsmnges) higher cut off % 26.0 nm for pattern B could beduse

were assessed by questionnaire. The classificatfon

ethnic background was made from information prodide Statistical analysis

in the questionnaire. Boys whose families origidate All variables were first examined for normality. Nables
either from India, Bangladesh or Sri Lanka, wereugeal ~ with skewed distribution were log transformed befor
together as "South Asians". Those from China, Taiwananalysis, which achieved a normal distribution. @igs
Korea and the other countries of Indochina wereiged  tive statistics (means, SD) were computed for athweo-

as "East Asians". Boys whose families originatednfro pometric, biochemical and behavioural variablegiala-

Europe were classified as Caucasians. lity between the groups was tested by Levennet tes
One-way-analysis of variance (ANOVA) was used to
Biochemistry compare the difference in continuous variables betw

Pre-formed native (non-denaturing) polyacrylamide 3 tertiles of LDL size (using tertiles as grouping ightes).
13% gradient gels and a multipurpose vertical edbect The Kruskal-Wallis-Procedure (Non-parametric test fo
phoresis system were used for the electrophorefiara- K-independent samples) was used for non-normati-dist
tion of LDL subfractions on plasma stored at -80°@ an buted data. Furthermore, the Post-Hoc test (Schefis
never thawed until just before use. After a shwe- used to examine whether there were any differences
electrophoresis of the gel, thyroglobulin and latmad between the ethnic groups among the tertiles of ki2k
standards were located on to the gel with the staisd concerning the test variables. The data was aldgsath
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Percentiles Plot
Split by: Ethnic background
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Figurel. LDL size (nm) between 3 different ethnic groups
Graph is resubmitted and was also put straightthgaoriginal article

by independent samples t-test using LDL-size as a These results showed that mean BMI for thaltot
grouping variable. Chi-squared test and Mann Whitde group was 21.3 + 3.2 kgfmwith no significant diffe-
test were used for non-continuous variables to @mp rence by ethnicity while mean WHR was significantly
the LDL-size between the 3 ethnic groups. Pearson®igher in the South Asian group (0.83 £ 0.50) coraga
correlation analysis was performed to investigdie t with both the Caucasians and East Asians, 0.80& @5
association between anthropometric, biochemicahabe =0.03) and 0.79 *+ 0.58€0.006), respectively; however,
vioural variables and LDL-size. Risk was estimalgd mean waist (74.2 + 8.7cm), was not significantly
the calculation of odds ratios of categorical Valga, and different. The mean %TBF for the total group wasS17.
adjusted for confounding by logistic regressionlgsia. 7.1, with corresponding values of 16.8 + 7.9, 1#.8.2,
Two ethnic groups were used as categorical variableand 19.3 + 7.0 for the Caucasians, East Asians anthS
(groupl: Caucasians and East Asians, group 2: Souifsians, respectively. Although South Asians showeed
Asians). Caucasians and East Asians were combined ftrend to-wards a higher value of %TBF compared & th
analysis as they had the same LDL size while SoutlCaucasian and East Asian group these differencesatid
Asians tended to have a smaller LDL-size than eithereach statistical significance.
Caucasians or East Asians. In all statistical proes) It is common to define pattern B phenotypeadtults
significance was reported at 95% confidence inlg/@8 as a peak particle diameter of <25.5 nm, and pafieas
or probability value P value) of less than 0.05. The >25.5 nm. The values of LDL particle diameter were
statistical software packages Statview for Windawes  normally distributed and the mean LDL size of thedgtu
sion 5.0 (SAS Institute Inc.), SPSS (Statisticatk@dges group was 26.9 + 0.4 nm, hence no participant had L
for Social Sciences) for Windows student versioRYS phenotype B according to the above classificatioro
Inc.) and SPSS for Macintosh version 10.0 (SAStlitst  further investigate the distribution of lipoprotesub-
Inc.), were employed for the foregoing procedures. classes (sdLDL) the values of LDL diameter were strati
fied by tertiles at the 33rd and 67th percentilendsa
which were used as cut off points as the number of
Results subjects could not be evenly divided among theldsrt
The study sample was comprised of 45.2% CaucasiansDL particle diameters, of the total group and stiedi
41.5% East Asians and 13.3% from the Indian subby ethnicity are shown in Table 2.
continent (South Asians). The particle diameterLfoL There was a non-significant trend for SoutliaAs to
(LDLPPD) was determined on one hundred and thirtyhave a lower LDL size, than both Caucasians and East
five (n=135) adolescent boys. The mean age oftliie  Asians, respectivelyP=0.065). When the tertiles of LDL
jects was 15.7 = 0.45 years (range 14-16). Thecbasdiameter were examined, it was found that 50% (rof9)
anthropometric, behavioural and biochemical prefile South Asians were in the lowest tertile of measer@m
(Table 1) have already been determined and publi$hed (25.95-26.69nm) compared to 29.5% (n=18) ané%®8
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Table2. LDL diameter of adolescent boys stratified by &tity1(mean £SD).

Total group Caucasian East Asian South Asian P value
(n=135) (n=61) (n=56) (n=18)
LDL-size (nm) 26.9+0.4 26.9+0.4 26.9+0.4 26.7+£0.4 .06

* One Way ANOVA

(n=16) of Caucasians and East Asians respectivedy. Based on studies in largely Caucasian American fpopu
can be seen from the percentile plot shown in &glr lations, the prevalence of pattern B is 10-15% mlew
South Asians tended to have a smaller LDL size distriunder 20 years of ageOne recent study of children aged
bution than either Caucasians or East Asians aygarr  13-16 years found a prevalence of small dense LDL of
centile band. 54% among 80 obese youths. In this study, the small
Boys in the lowest tertile (25.95-26.69nm) ldDL dense LDL phenotype group (SDLDL) had significantly
peak particle diameter (LDLPPD) had significantlwér  higher weight, waist circumference and VAT (visceral
HDL (high density lipoprotein cholesterol,), compate  adipose tissue) than the large, buoyant LDL (LBLDL)
boys in the highest tertile of measurement, (1.21v4 phenotype group. Taken together, Owenal., found
mmol/l, (P=0.008). The triglyceride/HDL ratio, some- peak particle diameter (PPD) to be significantlyrelated
times used as an index of atherogenicity, was fiigmitly ~ with visceral adipose tissue, TG and TG/HDL ratio.
higher in boys of tertile 3, than in boys of tertll (0.8 CI These observations are not directly comparable with
0.69-0.97 vs. 0.6 Cl 0.58-0.68=0.012). Furthermore, study as all these subjects were obese. A stuthgaithy
the apolipoprotein A-1 concentration was signifitan Japanese children, age range 7-13 years, did pottre
(P=0.029) lower in the lowest compared to the highesmean values, but found a prevalence of 9.3% pafern
tertile of the LDL range, (110.0 mg/dl Cl 100.85-1AB  with no gender differences. The Bogalusa Heart stuffy
vs. 129.0 mg/dl CI 117.31-140.61). which examined a subsample of 449 young adults aged
As mentioned earlifrmean BMI, %TBF and waist 20-37 years showed no race differences betweehDhe
were not different among the ethnic groups, but WHRsubclass pattern, but males had relatively less LDL1
was significantly higher in South Asians, who alsad  (large, buoyant) and more LDL3 (small, dense) than
significantly higher %TBF than Caucasians when adjusfemales. This confirms the finding of Freedmetnal.,?
ted for BMI. At the mean BMI of the cohort, South and other studiés™ which show that compared with
Asians had an average of 4.5% more body fat thar Cagirls, boys had a smaller mean LDL particle sizes thi
casians and the evidence suggests this fat isatlgntr highlights the fact that even in adolescence, kagsat
distributed. The distribution of sdLDL by ethnicityas  higher risk. In the Bogalusa Heart study the LDL $ats
examined by ANCOVA using BMI, %TBF and WHR, as pattern was associated significantly with BMI, wais-
covariates and no relationship between them wasdiou cumference, triglycerides, HDL2 cholesterol, insubnd
Using the logistic regression analysis (odds ratid 95%  glucose, with levels increasing from LDL1 pattern to
Cl) and 26.69 nm as cut off point, the relativekraf  LDL3 pattern. In our study, no significant assadoiat
different ethnic groups having a smaller LDL size waswas found between LDL size and any indices of opesit
calculated. South Asians have a 2.4 higher riskasing  (including percent body fat, BMI and WHR), however
an LDL size less than 26.6 nm compared with Caaaasi this is almost certainly due to the smaller numbersur

and East AsiansPE0.082). study where most boys were not obese or metahlglical
abnormal. In contrast, the study by Owetal., of LDL
Discussion particle size in obese children (n=41), found PBlb¢

The evidence that adult disease may have its origins significantly correlated with visceral adipose tis§mea-
childhood and adolescence is sdfid? People with an- sured by magnetic resonance imaging (MRI)). In the
cestry in the countries of the Indian subcontingduth  current study, adolescent boys of South Asian oitgive
Asians), comprising more than one fifth of the glbb been shown to have a significantly higher mean VAHR
population, are highly susceptible to insulin resise a trend towards higher %TBF compared to their Cau-
and CHD. This is the first adolescent cohort tdude casian and East Asian counterparts. FurthermongthSo
Caucasians, East and South Asians. Half the SositnA Asians had a greater %TBF for the same BMI. These
boys were in the lowest tertile of LDL diameter cargrl  findings point to higher abdominal obesity amonaitfo
to 30% the other two ethnic groups; there was alsend Asian boys compared with Caucasians and East Asians.
for South Asians to have a lower mean LDL diameteiStudies over the last decade have shown increased t
than either Caucasian or East Asian boys. This was nglyceride and decreased HDL to be a consistentrpatie
statistically significant (0.06) but the numbers @futh  South Asians in general, and in Asian Indians in pa
Asian subjects were small and the diameter of the L ticular’®?* These findings were not confirmed in the
for South Asians was lower at every percentile band current South Asian cohort, which did not find $iigant
Levels of lipids and lipoproteins among childneary  differences in HDL-C among the tertiles of LDL size.
by sex, race/ethnicity, and are correlated with, agee-  This finding could be due to the much smaller sample
sity, and other characteristitsData currently available (n=18) of South Asians compared to Caucasians astl Ea
on LDL diameter in adolescents are extremely limited  Asians. Interestingly, Caucasians in the loteeile of
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LDL diameter tended to have a significantly lower -con 3.

centration of HDL-C, significantly higher TG/HDL rati

and showed a trend towards a smaller concentration 4

apolipoprotein A-l. This finding agrees with thesults

of Arisakaet al., where children with small dense LDL

subclass showed decreased HDL-C and apo A-l con-

centrations® As this study showed, South Asian were

more than twice as likely to have a smaller LDL ghmmn
the other two ethnic groups.

In this study, the cut off point for sdLDL wabtained
by examining all the data. Similarly, Rainwatgral.,*
used 26.2 nm as a cut off point for the investayatbf
LDL diameter, a point which is somewhat higher tHas t
25.5 nm which is usually used to separate pattefrom
pattern B. In our study, the 33rd and 67th pertznt

7.

were used as cut off values, which was deemed to be

more appropriate for a distribution of sdLDL in thdo-
lescent cohort. In addition, 26.69 nm was used ast
off point when the relative risk of different etbrgroups
having a smaller LDL size was calculated. Austiral.,

has proposed that the inheritance of LDL subclasaghe

types is controlled by a single major genetic lo€usn
addition to familial studies, evaluation of the LiBene

has also shown evidence for linkage to LDL subclass.

Although these studies mainly involved Caucasidmesy
point to a strong genetic influence on the occueeaf

LDL sub-class. Thus, it is reasonable to assume lieat t
genetic component has contributed towards the toénd

9.

10.

South Asian adolescent boys to have a lower LDL dia-

meter than either Caucasians or East Asians boyshwhi 1

was independent of % TBF and BMI.
In conclusion, our study shows that the highsk
profile for CHD and diabetes noted in South Asidnlts

may be evident even during adolescence. In thidystu 12.
which was the first adolescent cohort to includeuCa

casians, East and South Asians, it was found tleatisk

of South Asians having smaller LDL diameter is more
than doubled compared to Caucasian and East Asi

boys. Although the magnitude of the increased isk
high, it is necessary to confirm our findings ifaager

sample size. Our understanding of the risk factors

involved in the excess of CHD found in Asian Indias
not complete, but this study has highlighted soossible
contributions of important metabolic and genetiskri
factors which may be influential even in childhoadd

15.

adolescence and may eventually lead to intervention

which will focus on young age groups and take antof
ethnic differences.
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EANEBSHEANMERNFAREZ K CHD)RRERMER , EEZEMMES
DPERTREETERSNCHDERRE F. AHRENARS —RBAEHELE
ERPHIMBERZEEEA(SILDL)W R D EERTEF. EENEERERE
EREERPHNEUEELV>EZRMHAEE. EHRRLDLERENEB. E—2REF
MR 15-168% BE(135B)NWLDLR B DR , EARBHCREN) KRR Kl
M2 3-13%KE EB B BEEBE XX MiE. A 7T AERE X5 & LDL
NFER, LABH FEPRRXEONBNEELZBUFREMIR (Total Lab
Software v1.11) A ANOVA £ B EEKRZBERILDL X/M(SPSSand Sta
View), EERFZEEAF BWE 45.2% EN £ A, 41.5% R @ A & 13.3% R
BEEXAKEFEE)NHRER. SEALESNRARREEX , £8H 58
BIEM(%TBRARSBEEEHBM)E , HIDLERRK , AU TEE, K
MREE—AFETEEMEA, REXMEIANSILDLAAZR, KNFRERE
HEDRFAERSBECHDRERFBEBENMI  TEESHFHRRIE
RESEHR,

Ry . &Y. 20K, DIGHIRE. MIEERZEREER. LDLAN, BE
BXARER. REMEEEBREX. SMRA. HA, B,





