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The purpose of this study was to characterize the association between HDL particle size (assessed by fractional 
esterification rate in apo B depleted plasma (FERHDL)), and anthropometric measures in men and women of 
Chinese, European and South Asian origin and to determine if ethnic background is a modifier of this 
relationship. A convenience sample of apparently healthy men and women of Chinese (n=56), European 
(n=66) or South Asian (n=76) descent were recruited and assessed for body mass index, waist circumference, 
blood pressure, lipids, insulin, glucose and FERHDL. Univariate correlations with FERHDL were determined 
within each ethnic–gender group.  Regression analysis was used to determine if ethnicity was a significant 
modifier of the relationship between FERHDL and waist circumference. FERHDL was significantly correlated 
with various anthropometric measures within the ethnic and gender groups. The relationship between waist 
circumference and FERHDL was significantly different between the European, and Chinese and South Asian 
groups combined in women, but not in men. After adjustment for age, body mass index and insulin, ethnicity 
was no longer a significant predictor.  However, ethnic background (European vs. Chinese/South Asian) was a 
significant predictor (P=0.034) of the relationship between FERHDL and waist circumference adjusted for age, 
gender, body mass index and insulin in the entire cohort.  Increasing adiposity in Chinese and South Asian men 
and women is associated with a less protective HDL particle profile.  Ethnic background (Asian compared to 
European) is a significant modifier of the relationship between FERHDL and waist circumference. 
 

Key Words:  anthropometry; lipoproteins, HDL; Asians 
 
 
 

Introduction   
Obesity, particularly an increase in abdominal fat, is asso-
ciated with dyslipidemia, insulin resistance, the metabolic 
syndrome, diabetes mellitus and an increase in cardio-
vascular disease (CVD) risk.1-3 Previous reports have 
suggested a relationship between the degree of adiosity, 
insulin resistance and qualitative changes in plasma lipo-
proteins, specifically decreased lipoprotein particle size as 
assessed by gel electrophoresis or nuclear magnetic re-
sonance methods.4-8 Of the lipoprotein particles, high den-
sity lipoproteins (HDL) are inversely associated with ab-
dominal fat and CVD risk.4  However, subclasses of the 
HDL particles have differing effects with HDL2 having a 
greater protective effect than does HDL3.9 
     Our group and others have previously identified that 
the association between abdominal fat and CVD risk fac-
tors differs along ethnic lines, such that individuals of Chi-
nese and South Asian origin tend to present with more 
CVD risk factors at a similar waist circumference (WC) 
and body mass index (BMI) than those of European 
origin.10-13  Whether this finding extends to HDL particle 
size is unknown. The purpose of this study was to charac-
erize the association between HDL particle size (using a 
functional assay of the fractional esterification rate in apo 

B depleted plasma (FERHDL)), and BMI and WC in men 
and women of Chinese, European and South Asian origin 
and to determine if ethnic background is a modifier of this 
relationship. 

 
Materials and methods 

  The participants were recruited from staff, students, volun-
teers and their friends of three local hospitals and the 
surrounding communities. Apparently healthy subjects were 
eligible if they were over 18 years of age and either of 
Chinese, European or South Asian descent.  Ethnicity was 
determined by interview; only those individuals who re-
ported having all known ancestors exclusively of either 
European, Chinese or South Asian descent were invited to 
participate. Participants were excluded if they had a history 
of  either  diabetes,  CVD,  taking  medications  that   would  
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  affect the risk factors under assessment or had increased 
abdominal girth  not  related to increased adiposity  (such 
as pregnancy, peritoneal dialysis, or ascites).  Those with 
untreated hyperlipidemia or elevated blood glucose were 
not excluded.  All participants read and provided informed 
consent before commencing the study (approved by the 
Providence Health Care Research Ethics Committee). A 
sample size of convenience was limited to 56 Chinese, 66 
European and 76 South Asian participants. 
     Participants’ assessment included medical history, 
BMI, WC, hip circumference (HC), blood pressure (BP), 
and fasting blood samples for plasma total cholesterol 
(TC), LDL-C, HDL-C, triglycerides (TG), insulin and 
glucose.  Plasma and serum samples were kept frozen at -
70°C until analyzed.  Weight was measured to the nearest 
0.1kg on a balance beam scale, and participants were 
asked to remove their shoes and any heavy items from 
their pockets.  Height was measured at the same time to 
the nearest 0.5cm.  Body mass index was calculated as 
weight (kg) divided by height (m) squared. Waist circum-
ference was measured (to the nearest 0.1 cm) directly 
over the skin at the point of maximal narrowing of the 
trunk as viewed from the anterior position with the parti-
cipant standing upright after a normal expiration. Hip 
circumference was measured (to the nearest 0.1 cm) over 
undergarments at the point of the greatest gluteal pro-
tuberance as observed from the lateral view.  Waist-to-hip 
ratio (WHR) was calculated by dividing WC by HC. 
Blood pressure was the average of two measures taken in 
the left arm following seated rest and five minutes apart. 
Serum TC, HDL-C, TG, glucose and insulin were mea-
sured using standard procedures in a quality controlled, 
certified clinical laboratory.  LDL-C was calculated using 
the Friedewald equation.14 Insulin resistance was assessed 
by the homeostasis model (HOMA).15 
     Measurement of FERHDL in plasma depleted of apo B 
containing lipoproteins has been previously described in 
detail.16-18 In this method, apoB-containing lipoproteins 
are precipitated from EDTA plasma (that can be stored at 
–20°C up  to 3 months or at -70°C up to several years)  by  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
phosphotungstic acid and MgCl2.  A filter paper disk con-
taining a trace of 3H-cholesterol is added to the super-
natant.  After an overnight incubation at 4°C the disk is 
removed, and the plasma containing labelled HDL is 
incubated at 37°C for 30 min (the esterification reaction is 
always linear during this time period).  After the incu-
bation lipids are extracted and separated by thin layer 
chromatography.  The fractional esterification rate of cho-
lesterol is calculated from the ratio of radioactivity of free 
and esterified cholesterol. Values are percentages of HDL 
cholesterol esterified per hour (%/h). 
 
Statistical analysis 
Data are reported as means and standard deviations. Com-
parisons between groups were analysed using a three-way 
ANOVA stratified by gender. Pearson correlation coeffi-
cients were determined for FERHDL with age, anthro-
pometric variables and CVD risk factors within each gen-
der and ethnicity.  Three regression analyses (Chinese vs. 
European, Chinese vs. South Asian and European vs. 
South Asian) were performed within each gender with 
FERHDL as the dependent variable and ethnicity or WC as 
the independent variables. As ethnicity was not a signi-
ficant predictor of FERHDL in the model of Chinese vs. 
South Asian, these data were combined in a second model 
grouping Chinese and South Asian participants together 
vs. European participants for the ethnicity variable and 
WC for the other independent variable.  This model was 
adjusted for age, BMI and insulin and conducted sepa-
rately by gender.  A third model was performed com-
bining men and women, with ethnicity (as stratified in the 
second model) and WC as the independent variables 
adjusted for age, gender, BMI and insulin.  All tests were 
conducted with p set at 0.05 for significance using SPSS 
version 10.0 software. 
 
Results 
A total of 113 women and 85 men were recruited for this 
study. Tables 1 and 2 outline the metabolic and anthro-
pometric data for women and men, respectively, stratified 
by ethnic background.   There was a significant difference  

Table 1. Demographic and Laboratory Data within Women of each ethnic group 
 

 Chinese 
(N=31) 

European 
(N =38) 

South Asian 
(N =44) 

Age 45 ± 14 45 ± 10 39 ± 14 
Total cholesterol (mmol/L) 4.85 ± 0.75 4.84 ± 0.82 4.50 ±0.96 
LDL-C (mmol/L) 2.75 ± 0.60 2.69 ± 0.72 2.52 ± 0.87 
HDL-C (mmol/L) 1.50 ± 0.36 1.66 ± 0.35 1.41 ± 0.36* 
Triglycerides (mmol/L) 1.33 ± 0.87 1.10 ± 0.59 1.25 ± 0.79 
TC/HDL-C 3.39 ± 0.94 3.03 ± 0.73 3.42 ± 1.25 
FERHDL 16.1 ± 6.9 14.7 ± 7.4 17.7 ± 6.2 
Insulin 52.4 ± 36.6 43.7 ± 23.7 59.9 ± 32.1 
Glucose (mmol/L) 5.3 ± 0.4 5.1 ± 0.4 5.2 ± 1.7 
HOMA-IR 1.76 ± 1.34 1.46 ± 0.80 1.92 ± 1.09* 
Systolic blood Pressure (mmHg) 110 ± 19 113 ± 12 106 ± 14 
Diastolic blood Pressure (mmHg) 70 ± 11 73 ± 9 67 ± 8* 
Smokers (%) 0 0 1 
BMI (kg/m2) 23.6 ± 3.6 27.0 ± 6.0 25.4 ± 4.5* 
Waist circumference (cm) 78.2 ± 11.4 82.2 ± 12.3 80.5 ± 11.7 
WHR 0.83 ± 0.10 0.78 ± 0.05 0.81 ± 0.07* 

* P<0.05 
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between the three groups of women for HDL-C, HOMA-
IR score, diastolic BP, BMI and WHR. For the men, only 
TC/HDL-C ratio, BMI and WC were significantly diffe-
rent between the three groups. 
     Tables 3 and 4 outline the correlation coefficients for 
the metabolic and anthropometric variables with FERHDL 
in women and men, respectively, stratified by ethnic 
group.  HDL-C was negatively correlated with FERHDL in 
all three ethnic groups for both genders. Triglycerides and 
the TC/HDL-C ratio were positively correlated with 
FERHDL in all three groups and both genders. Insulin, 
HOMA-IR, BMI and WC were positively associated with 
FERHDL in all three groups of women. 
     Based on linear regression analysis, ethnicity was a 
significant predictor (P = 0.029) of FERHDL adjusted for 
WC and age when the European and South Asian groups 
in women were compared, while ethnicity was not a sig-
nificant predictor (P = 0.119) when the Chinese and Euro-
pean groups were compared. In men, ethnicity was a sig-
nificant predictor (P = 0.017)  adjusted for WC and age 
when  the Chinese and European  groups  were compared,  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
while ethnicity was not a significant predictor (P = 0.244)  
when the European and South Asian groups were com-
pared.  As the relationship between WC and FERHDL was 
similar between Chinese and South Asian women and 
men (data not shown), these groups were combined and 
compared to the European group. In women the rela-
tionship between WC and FERHDL was significantly diffe-
rent between the European and Chinese/South Asian 
groups (Fig. 1).  However, after adjustment for age, BMI 
and insulin, ethnicity was no longer a significant pre-
dictor.  Ethnicity was not a significant predictor in this re-
lationship among the men.  When the entire cohort was 
combined ethnic background (discriminating between 
European and Chi-nese/ South Asian) was a significant 
predictor (P= 0.034) of the relationship between FERHDL 
and WC after being adjusted for age, gender, BMI and 
insulin (Fig. 2). 
 
Discussion 
Our results provide novel information indicating that 
FERHDL (a marker of HDL particle size) is positively  
 

Table 2. Demographic and Laboratory Data within Men of each ethnic group 
 

 Chinese 
(N=25) 

European 
(N =28) 

South Asian 
(N =32) 

Age 39 ± 11 42 ± 9 42 ± 14 
Total cholesterol (mmol/L) 5.16 ± 0.92 4.77 ± 1.07 5.08 ± 1.21 
LDL-C (mmol/L) 3.13 ± 0.84 2.95 ± 0.96 3.10 ± 0.97 
HDL-C (mmol/L) 1.26 ± 0.22 1.24 ± 0.31 1.13 ± 0.26 
Triglycerides (mmol/L) 1.72 ± 0.94 1.28 ± 0.61 2.13 ± 2.17 
TC/HDL-C 4.24 ± 1.09 4.05 ± 1.24 4.73 ± 1.74* 
FERHDL 23.9 ± 8.8 22.0 ± 7.9 24.9 ± 11.0 
Insulin 68.8 ± 104.8 54.6 ± 30.3 75.4 ± 52.7 
Glucose (mmol/L) 5.4 ± 0.5 5.3 ± 0.6 5.2 ± 1.1 
HOMA-IR 2.53 ± 4.69 1.77 ± 0.99 2.52 ± 2.07 
Systolic blood Pressure (mmHg) 111 ± 15 116 ± 10 118 ± 14 
Systolic blood Pressure (mmHg) 75 ± 12 77 ± 8 72 ± 9 
Smokers (%) 1 3 2 
BMI (kg/m2) 23.2 ± 2.5 26.3 ± 3.5 26.1 ± 3.5* 
Waist circumference (cm) 78.4 ± 8.4 89.4 +11.0 89.5 ± 11.2* 
WHR 0.85 ± 0.09 0.89 ± 0.08 0.90 ± 0.09 

* P<0.001 
 
 

0

5

10

15

20

25

30

35

40

45

50 60 70 80 90 100 110 120 130

Waist Circumference (cm)

F
E

R
 H

D
L

 Figure1.  Relationship between waist circumference and FERHDL in women stratified by European origin (solid circles and line) 
and Chinese/South Asian origin (open circles and dashed line). 
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associated with simple anthropometric measures in Chi-
nese and South Asian men and women.  Therefore, as in 
Europeans, increasing adiposity in these populations 
results in a greater proportion of HDL3 compared to 
HDL2 particles which may contribute to an increase in 
CVD risk. In addition, we found that ethnic background 
modifies the relationship between FERHDL and WC after 
adjustment for age, gender, BMI and insulin, such that 
those of Chinese and South Asian origin have higher 
FERHDL values at a similar WC than the Europeans. 
     While no published reports exist measuring FERHDL in 
either Chinese or South Asian populations, a few studies 
have reported measuring HDL particle size in these 
groups.  Studies in Chinese populations have found the 
concentration of HDL particles or the ratio of particles to 
be similar19,20 or less21,22 than those of European origin. 
Reports of South Asian populations have found that 
HDL2 concentrations were lower compared to Euro-
peans.21-24 None of these studies however, adjusted for 
apparent differences in BMI. 
     Previous studies investigating the relationship between 
HDL  particle  size  and  simple anthropometric  measures  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(such as WC and BMI) have been conducted in popu-
lations of predominantly European origin.25 To our know-
ledge, only one study exists investigating this relationship 
in Chinese men,26 which found BMI and the waist to hip 
ratio to be inversely associated with HDL2 concen-
trations.  No studies have been conducted in Chinese wo-
men or in South Asians.  In our study we found that 
FERHDL was positively associated with BMI, WHR and 
WC in each of the Chinese, European and South Asian 
groups, while this relationship was not as clear in men, 
most likely due to the smaller sample sizes.  These data 
indicate that increasing adiposity is associated with a pro-
atherogenic distribution of HDL particles regardless of 
ethnicity and add to the cluster of atherogenic risk factors 
associated with adiposity in these groups.  Previous work 
by our group has indicated that ethnic background sig-
nificantly modifies the relationship between WC with 
other  CVD  risk  factors:  LDL-C, HDL-C,  triglycerides,  
insulin, glucose and C-reactive protein.10-13  Others have 
reported similar findings and have also indicated that at a 
similar BMI, those of Chinese and South Asian have a 
higher percent of body fat than those of European origin.27 

Table 3.  Women, univariate correlations with FERHDL 
 

 Chinese 
(N=31) 

European 
(N =38) 

South Asian 
(N =44) 

Age     0.462** -0.127 0.211 
Total cholesterol (mmol/L) 0.346 0.213 0.150 
LDL-C (mmol/L) 0.252 0.264 0.230 
HDL-C (mmol/L)   -0.515**     -0.605***     -0.639*** 
Triglycerides (mmol/L)      0.754***      0.743***      0.516*** 
TC/HDL-C      0.693***      0.763***      0.519*** 
Insulin      0.685***     0.436**  0.315* 
Glucose (mmol/L)    0.506** 0.235  0.320* 
HOMA-IR      0.714***     0.433**    0.399** 
Systolic blood pressure (mmHg)    0.577** 0.133 0.251 
Diastolic blood pressure (mmHg)    0.548** 0.028 0.098 
BMI (kg/m2)    0.566**    0.437**  0.355* 
Waist circumference (cm)    0.549** 0.407*    0.487** 
WHR 0.254 0.328*    0.419** 
* P<0.05, ** P<0.01, *** P<0.001 
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 Figure 2.  Relationship between waist circumference and FERHDL in men and women combined stratified by European origin 
(solid circles and line) and Chinese/South Asian origin (open circles and dashed line) 
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origin.  While we did not directly measure body fat, in-
creasing WC levels are likely the result of increased abdo-
minal fat.  Compared to BMI, WC is a better indicator of 
CVD risk as it is more strongly associated with various 
CVD risk factors.2  This is most likely due to WC being 
associated with visceral adipose tissue (VAT),2 which is 
strongly associated with TC, LDL-C, low HDL-C, TG, 
apolipoprotein B, blood pressure, insulin resistance and 
C-reactive protein.2,28,29 Few studies have investigated the 
relationship between VAT and HDL particle size, but 
they have indicated that increased levels of VAT are 
negatively associated with HDL2 and HDL3 levels.30-32 
When women with and without glucose intolerance were 
matched by VAT, fat mass and menopausal status, the 
difference in HDL2 concentrations was no longer appa-
rent.31 
     The obvious limitation of this study is its small sample 
and it is possible some of the relationships that failed to 
reach significance did not have sufficient power (Type II 
error).  However, we are confident in the findings that did 
reach significance and believe these are unlikely the result 
of a Type I error.  These findings should be confirmed in 
larger populations.  While not a direct measure of HDL 
particle size, FERHDL is a functional assessment of lipo-
protien quality that gives information on both LDL and 
HDL particle size.17,33 This method is more convenient 
than measurement of individual lipoprotein particle sizes 
as it is faster and less expensive. Higher values of FERHDL 
correlate well with decreased lipoprotein particle sizes 
and atherogenic lipid profile such as decreased HDL-C, 
increased triglycerides.18 In addition, this parameter has 
been shown to correlate well with findings on selective 
coronary angiography.17,34 The results presented in this 
paper fall within expected normal ranges for European 
men and women.35 
     In conclusion, we have found that the relationship be-
tween HDL particles, as assessed by FERHDL, and anthro-
pometric measures in Chinese and South Asian men and 
women is similar in terms of direction to that reported in 
previous populations of European origin and add to the 
cluster of metabolic risk factors associated with increased  
adiposity.  In addition, ethnic background appears to be a 
significant modifier of the relationship between FERHDL 
and WC when compared between the Asian groups com-
bined and the Europeans.  This  indicates  that at a similar  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WC, those of Chinese and South Asian origin have higher 
FERHDL, and therefore a lower HDL2:HDL3 than those of 
European origin.  This adds to the mounting evidence to 
suggest that those of Asian origin require lower WC tar-
gets than those currently used for European populations. 
While the mechanism for this is at present unknown, it is 
possible that those of Asian origin have higher amounts of 
VAT at the same BMI or WC compared to those of Euro-
pean origin.  This hypothesis will need to be tested in a 
larger sample size. 
 
Acknowledgements 
Dr. Lear’s salary is supported by the Michael Smith Foundation 
for Health Research. 
References 
1. Reeder BA, Senthilselvan A, Despres JP, Angel A, Liu L, 

Wang H, Rabkin SW. The association of cardiovascular 
disease risk factors with abdominal obesity in Canada. 
Canadian Heart Health Surveys Research Group. CMAJ. 
1997;157:S39-45. 

2. Pouliot MC, Despres JP, Lemieux S, Moorjani S, Bouchard 
C, Tremblay A, Nadeau A, Lupien PJ. Waist circumference 
and abdominal sagittal diameter: best simple anthro-
pometric indexes of abdominal visceral adipose tissue 
accumulation and related cardiovascular risk in men and 
women. Am J Cardiol. 1994;73:460-468. 

3. Rexrode KM, Carey VJ, Hennekens CH, Walters EE, 
Colditz GA, Stampfer MJ, Willett WC, Manson JE. Abdo-
minal adiposity and coronary heart disease in women. 
JAMA 1998; 280: 1843-1848. 

4. Pascot A, Lemieux I, Prud'homme D, Tremblay A, Nadeau 
A, Couillard C, Bergeron J, Lamarche B, Despres JP. 
Reduced HDL particle size as an additional feature of the 
atherogenic dyslipidemia of abdominal obesity. J Lipid 
Res. 2001; 42:2007-2014. 

5. Goff DC, Jr., D'Agostino RB, Jr., Haffner SM, Otvos JD. 
Insulin resistance and adiposity influence lipoprotein size 
and subclass concentrations. Results from the Insulin 
Resistance Atherosclerosis Study. Metabolism. 2005; 
54:264-270. 

6. MacLean PS, Vadlamudi S, MacDonald KG, Pories WJ, 
Houmard JA, Barakat HA. Impact of insulin resistance on 
lipoprotein subpopulation distribution in lean and morbidly 
obese nondiabetic women. Metabolism. 2000;49:285-292. 

7. Hu D, Hannah J, Gray RS, Jablonski KA, Henderson JA, 
Robbins DC, Lee ET, Welty TK, Howard BV. Effects of 
obesity and body fat distribution on lipids and lipoproteins 
in nondiabetic American Indians: The Strong Heart Study. 
Obes Res. 2000;8:411-21. 

 Table 4.  Men, univariate correlations with FERHDL 

 
 Chinese (N=25) European (N=27) South Asian (N=32) 
Age 0.143 0.057 -0.054 
Total cholesterol (mmol/L)       0.982*** 0.303 0.473** 
LDL-C (mmol/L)     0.595** 0.360 0.342 
HDL-C (mmol/L)    -0.627** -0.759*** -0.393* 
Triglycerides (mmol/L)     0.627** 0.769*** 0.729*** 
TC/HDL-C       0.825*** 0.789*** 0.691*** 
Insulin 0.212 0.334 0.634*** 
Glucose (mmol/L) 0.170 -0.068 0.008 
HOMA-IR 0.204 0.356 0.540** 
Systolic blood pressure (mmHg) -0.046 0.228 0.211 
Diastolic blood pressure (mmHg) 0.239 0.388* 0.362* 
BMI (kg/m2) 0.490* 0.600** 0.189 
Waist circumference (cm) 0.255 0.590** 0.288 
WHR 0.214 0.520** 0.362* 
* P<0.05; ** P<0.01; *** P<0.001 

 



     H Zakeri, JJ Frohlich and SA Lear                                                            305  
 

8. Sattar N, Tan CE, Han TS, Forster L, Lean ME, Shepherd 
J, Packard CJ. Associations of indices of adiposity with 
atherogenic lipoprotein subfractions. Int J Obes Relat 
Metab Disord. 1998;22:432-439. 

9. Lamarche B, Moorjani S, Cantin B, Dagenais GR, Lupien 
PJ, Despres JP. Associations of HDL2 and HDL3 
subfractions with ischemic heart disease in men. 
Prospective results from the Quebec Cardiovascular Study. 
Arterioscler Thromb Vasc Biol. 1997;17:1098-1105. 

10. Lear SA, Chen MM, Frohlich JJ, Birmingham CL. The 
relationship between waist circumference and metabolic 
risk factors: Cohorts of European and Chinese descent. 
Metabolism. 2002;51:1427-1432. 

11. Lear SA, Toma M, Birmingham CL, Frohlich JJ. 
Modification of the relationship between simple 
anthropometric indices and risk factors by ethnic 
background. Metabolism. 2003;52:1295-1301. 

12. Patel S, Unwin N, Bhopal R, White M, Harland J, Ayis SA, 
Watson W, Alberti KG. A comparison of proxy measures 
of abdominal obesity in Chinese, European and South 
Asian adults. Diabet Med. 1999;16:853-860. 

13. Razak F, Anand S, Vuksan V, Davis B, Jacobs R, Teo KK, 
Yusuf S. Ethnic differences in the relationships between 
obesity and glucose-metabolic abnormalities: a cross-
sectional population-based study. Int J Obes Relat Metab 
Disord. 2005;29:656-667. 

14. Friedewald WT, Levy RI, Fredrickson DS. Estimation of 
the concentration of low-density lipoprotein cholesterol in 
plasma, without use of the preparative ultracentrifuge. Clin 
Chem. 1972;18:499-502. 

15. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, 
Treacher DF, Turner RC. Homeostasis model assessment: 
insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. 
Diabetologia. 1985;28:412-419. 

16. Dobiasova M, Frohlich J. The plasma parameter log 
(TG/HDL-C) as an atherogenic index: correlation with 
lipoprotein particle size and esterification rate in apoB-
lipoprotein-depleted plasma (FER(HDL)). Clin Biochem. 
2001;34:583-8. 

17. Frohlich J, Dobiasova M. Fractional esterification rate of 
cholesterol and ratio of triglycerides to HDL-cholesterol 
are powerful predictors of positive findings on coronary 
angiography. Clin Chem. 2003;49:1873-1880. 

18. Dobiasova M, Stribrna J, Sparks DL, Pritchard PH, 
Frohlich JJ. Cholesterol esterification rates in very low 
density lipoprotein- and low density lipoprotein-depleted 
plasma. Relation to high density lipoprotein subspecies, 
sex, hyperlipidemia, and coronary artery disease. 
Arterioscler Thromb. 1991;11:64-70. 

19. Howard BV, Criqui MH, Curb JD, Rodabough R, Safford 
MM, Santoro N, Wilson AC, Wylie-Rosett J. Risk factor 
clustering in the insulin resistance syndrome and its 
relationship to cardiovascular disease in postmenopausal 
white, black, hispanic, and Asian/Pacific Islander women. 
Metabolism. 2003;52:362-371. 

20. Pacy PJ, Dodson PM, Kubicki AJ, Fletcher RF. Differences 
in lipid and lipoprotein levels in white, black and Asian 
non-insulin dependent (type 2) diabetics with hypertension. 
Diabetes Res. 1987;4:187-193. 

21. Proudler AJ, Godsland IF, Bruce R, Seed M, Wynn V. 
Lipid and carbohydrate metabolic risk markers for coronary 
heart disease and blood pressure in healthy non-obese 
premenopausal women of different racial origins in the 
United Kingdom. Metabolism. 1996;45:328-333. 

 
 

22. Ko GT, Chan JC, Lau E, Woo J, Cockram CS. Fasting 
plasma glucose as a screening test for diabetes and its 
relationship with cardiovascular risk factors in Hong Kong 
Chinese. Diabetes Care. 1997;20:170-172. 

23. Zoratti R, Godsland IF, Chaturvedi N, Crook D, Stevenson 
JC, McKeigue PM. Relation of plasma lipids to insulin 
resistance, nonesterified fatty acid levels, and body fat in 
men from three ethnic groups: relevance to variation in risk 
of diabetes and coronary disease. Metabolism. 
2000;49:245-252. 

24. Knight TM, Smith Z, Whittles A, Sahota P, Lockton JA, 
Hogg G, Bedford A, Toop M, Kernohan EE, Baker MR. 
Insulin resistance, diabetes, and risk markers for ischaemic 
heart disease in Asian men and non-Asian in Bradford. Br 
Heart J. 1992;67:343-350. 

25. Ostlund RE, Jr., Staten M, Kohrt WM, Schultz J, Malley 
M. The ratio of waist-to-hip circumference, plasma insulin 
level, and glucose intolerance as independent predictors of 
the HDL2 cholesterol level in older adults. N Engl J Med. 
1990;322:229-234. 

26. Ko GT, Chan JC, Cockram CS. The association between 
dyslipidaemia and obesity in Chinese men after adjustment 
for insulin resistance. Atherosclerosis. 1998;138:153-161. 

27. Deurenberg-Yap M, Schmidt G, van Staveren WA, 
Deurenberg P. The paradox of low body mass index and 
high body fat percentage among Chinese, Malays and 
Indians in Singapore. Int J Obes Relat Metab Disord. 
2000;24:1011-1017. 

28. Johnson D, Prud'homme D, Despres JP, Nadeau A, 
Tremblay A, Bouchard C. Relation of abdominal obesity to 
hyperinsulinemia and high blood pressure in men. Int J 
Obes Relat Metab Disord. 1992;16:881-890. 

29. Lemieux I, Pascot A, Prud'homme D, Almeras N, Bogaty 
P, Nadeau A, Bergeron J, Despres JP. Elevated C-reactive 
protein: another component of the atherothrombotic profile 
of abdominal obesity. Arterioscler Thromb Vasc Biol. 
2001;21:961-967. 

30. Sibley SD, Palmer JP, Hirsch IB, Brunzell JD. Visceral 
obesity, hepatic lipase activity, and dyslipidemia in type 1 
diabetes. J Clin Endocrinol Metab. 2003;88:3379-3384. 

31. Pascot A, Despres JP, Lemieux I, Almeras N, Bergeron J, 
Nadeau A, Prud'homme D, Tremblay A, Lemieux S. 
Deterioration of the metabolic risk profile in women. 
Respective contributions of impaired glucose tolerance and 
visceral fat accumulation. Diabetes Care. 2001;24:902-908. 

32. Vohl MC, Lamarche B, Pascot A, Leroux G, Prud'homme 
D, Bouchard C, Nadeau A, Despres JP. Contribution of the 
cholesteryl ester transfer protein gene TaqIB polymorphism 
to the reduced plasma HDL-cholesterol levels found in 
abdominal obese men with the features of the insulin 
resistance syndrome. Int J Obes Relat Metab Disord. 
1999;23:918-925. 

33. Dobiasova M, Urbanova Z, Samanek M. Relations between 
particle size of HDL and LDL lipoproteins and cholesterol 
esterification rate. Physiol Res. 2005;54:159-65. 

34. Brown BG, Zhao X, Chait A, Fisher LD, Cheung MC, 
Morse JS, Dowdy AA, Marino EK, Bolson EL, Alaupovic 
P, Frohlich J, Serafini L, Huss-Frechette E, Wang S, 
DeAngelis D, Dodek A, Albers JJ. Simvastatin and Niacin, 
Antioxidant Vitamins, or the Combination for the 
Prevention of Coronary Disease. N Engl J Med. 
2001;345:1583-1592. 

35. Dobiasova M, Frohlich J. Measurement of fractional 
esterification rate of cholesterol in plasma depleted of 
apoprotein B containing lipoprotein: methods and normal 
values. Physiol Res. 1996;45:65-73. 

 



306    Relation of anthropometric parameters to the functional assessment of HDL particle size in three ethnic cohorts     

Original Article  
                   
Relation of anthropometric parameters to the functional 
assessment of HDL particle size in three ethnic cohorts 
 
Hamidreza Zakeri MD,1 Jiri J Frohlich MD,2,3 and Scott A Lear PhD

3,4 
 

1 St. Paul’s Hospital and University of British Columbia, Vancouver, B.C., Canada and  Mazandaran Medical  
  Science University, Iran 
2 Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, Canada 
3 Healthy Heart Program, St. Paul's Hospital, Canada 
4 School of Kinesiology, Simon Fraser University, Canada 
 

三个种族队列人体测量学参数与三个种族队列人体测量学参数与三个种族队列人体测量学参数与三个种族队列人体测量学参数与 HDLHDLHDLHDL 脂蛋白颗粒大小功能评价的关系脂蛋白颗粒大小功能评价的关系脂蛋白颗粒大小功能评价的关系脂蛋白颗粒大小功能评价的关系    
 
本科题的目的是阐明华人、欧洲人、南亚后裔高密度脂蛋白（HDL）颗粒大小（以去除 apo 
B 后的高密度脂蛋白酯化速率来评价(FERHDL)和人体测量学参数之间的相关性，种族背景是

否是这种相关性的预测指标。招募明显健康华人(n=56) 、欧洲人(n=66)和南亚后裔 (n=76)
（包括男性和女性）作为受试者，测定受试者的体重指数、腰围、血压、脂类、胰岛素、葡

萄糖和 FERHDL。以 FERHDL在每一种族-性别组内进行单变量相关性分析。采用回归分析来决

定种族背景是否是 FERHDL 和腰围相关性的重要预测指标。每一种族组内和性别组内，

FERHDL 显著地与各种人体测量学参数相关。腰围和 FERHDL 的相关性在欧洲人、华人、南亚

后裔女性组间显著的不同，校正年龄、体重指数和胰岛素等因素后，种族性不再是腰围和

FERHDL 相关性的重要预测指标。然而在整个队列中，校正年龄、性别、体重指数和胰岛素等

因素后，种族背景 (欧洲比较华人 /南亚后裔 )是 FERHDL 和腰围相关性的重要预测指标

(p=0.034)。中国和南亚人日益增加的肥胖与低的保护性 HDL 脂蛋白颗粒组成相关。种族背景

（ 亚洲人与欧洲人比较）是 FERHDL和腰围相关性的显著指标。 
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