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Summary Recently, the presence of small dense low 
density lipoprotein (LDL) has been postulated to be 
a stronger risk factor for coronary heart disease than 
large LDL. While small dense LDL has been associ- 
ated with individual components of the insulin resis- 
tance syndrome such as hypertension, high triglycer- 
ide level, low high density (HDL) cholesterol, and di- 
abetes mellitus, there has been little work exploring 
whether LDL size is decreased in subjects with multi- 
ple metabolic disorders. We examined the association 
of LDL size and pattern to specific insulin (which 
does not cross-react with proinsulin), proinsulin, in- 
creased triglyceride, decreased HDL, hypertension 
and impaired glucose tolerance in 488 non-diabetic 
subjects from the San Antonio Heart Study. LDL 
size was significantly related to specific insulin, proin- 
sulin and the fasting proinsulin/insulin ratio. Small 
dense LDL was significantly associated with high 
triglyceride level, decreased HDL cholesterol, hyper- 
tension and impaired glucose tolerance. LDL size 
(A) decreased in a stepwise fashion with increasing 
number of the metabolic disorders described above 

(zero 262.6 + 9.4; one 257.0_+ 9.3; two 256.4 + 9.4; 
three 249.0 + 9.1; and four 244.9 + 9.0). These results 
were similar in men and women and in non-Hispanic 
whites and Mexican Americans. The association be- 
tween LDL size and the number of metabolic disor- 
ders remained statistically significant even after ad- 
justment for obesity, body fat distribution, gender, 
ethnicity, proinsulin and insulin concentrations. Fur- 
thermore, decreases in LDL size are also significantly 
associated with both a selective beta-cell defect (as 
estimated by the fasting proinsulin/insulin ratio) and 
insulin resistance (as estimated by the fasting insulin 
concentrations) although the association was some- 
what stronger for the latter. We conclude that small 
dense LDL may form part of the insulin resistance 
syndrome in non-diabetic subjects. [Diabetologia 
(1995) 38:1328-13361 
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Increased concentration of low density lipoprotein 
(LDL) cholesterol is widely recognized as a risk fac- 
tor for coronary heart disease [1, 2]. There is consid- 
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erable heterogeneity in the size and density of LDL 
particles [3, 4]. Austin et al. found that most individu- 
als can be assigned to one of two LDL subclass pat- 
terns (A or B) [5]. Small dense LDL particles (pat- 
tern B) are thought to be more atherogenic than lar- 
ger LDL particles, although this association may not 
be statistically independent of triglyceride concentra- 
tions [5-7]. 

Recently, several clinical and epidemiological 
studies have shown an association between insulin 
concentrations and various metabolic and physio- 
logic abnormalities including glucose intolerance, 
dyslipidaemia (specifically, increased triglyceride lev- 
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el and decreased high density lipoprotein (HDL)  
cholesterol) and hypertension [8-11]. These disorders 
are also associated with insulin resistance [12-16]. In 
two prospective studies, several metabolic disorders 
related to the insulin resistance syndrome have been 
found to cluster together [17, 18]. 

Small dense L D L  has been associated with most 
individual components of the insulin resistance syn- 
drome including hypertriglyceridaemia [4-7, 19-22], 
low H D L  cholesterol [5, 19-22], hypertension [20, 
21, 23], diabetes [20, 22, 24, 25] and hyperinsulin- 
aemia and insulin resistance [19-22]. Few data, how- 
ever, are available on whether small dense L D L  is a 
characteristic of the cluster of risk factors associated 
with insulin resistance. Selby et al. [20] have shown 
that women with multiple metabolic disorders are 
more likely to have small dense L D L  than women 
with a single disorder. 

Many of the studies describing the association of 
insulin resistance and/or hyperinsulinaemia to car- 
diovascular risk factors have been limited by the fact 
that insulin was measured with an assay that cross-re- 
acts with proinsulin. Temple et al. [26] have suggested 
that proinsulin and split 32-33 proinsulin comprise 
the majority of circulating immunoreactive insulin in 
subjects with NIDDM.  Several other studies have 
also suggested that proinsulin is elevated dispropor- 
tionately in subjects with N I D D M  [27-33]. Both pro- 
insulin and insulin are also elevated in subjects with 
impaired glucose tolerance (IGT) [30, 33, 34]. How- 
ever, the results on the ratio of proinsulin to insulin 
in subjects with IGT have been contradictory. In one 
study, the ratio of proinsulin to insulin was not ele- 
vated [31], whereas in another report  the proinsulin/ 
insulin ratio was increased [34]. Proinsulin concentra- 
tions are correlated with dyslipidaemia and hyperten- 
sion in diabetic [35] and non-diabetic subjects [36]. 
However,  it is not known whether proinsulin concen- 
trations, specific insulin concentrations or both are 
associated with alterations in L D L  size. 

We have examined for the first time the associa- 
tion between proinsulin, specific insulin (using an an- 
t ibody that does not cross-react with proinsulin) and 
the fasting proinsulin/insulin ratio to L D L  size. In 
this report, we also examine the association of L DL  
size and pattern to a number  of metabolic disorders 
(hypertension, low HDL,  hypertriglyceridaemia and 
impaired glucose tolerance) identified in prospective 
studies of the insulin resistance syndrome [17, 18] in 
men and women from a biethnic population. In previ- 
ous studies, subjects who have multiple metabolic dis- 
orders have higher insulin concentrations [17] and are 
more insulin resistant [37] than subjects who develop 
only a single disorder. Since age, obesity and body 
fat distribution are associated with both insulin resis- 
tance and L D L  size [20, 21] we also adjusted for these 
possible confounding variables. Since diabetes has 
been associated with a preponderance of small dense 
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L D L  in a number  of reports [20, 22, 24, 25] including 
our own population [24] we have examined these as- 
sociations in non-diabetic subjects. 

Subjects and methods 

The San Antonio Heart Study is a population-based study of 
diabetes and cardiovascular disease in Mexican Americans 
and non-Hispanic whites. Mexican Americans were defined as 
individuals whose ancestry and cultural traditions derived 
from a Mexican national origin [38]. Detailed descriptions of 
the 197%1982 survey (phase I) and the 1984-1988 survey 
(phase II) as well as the 8-year follow-up have been previously 
published [39-41]. This study was approved by the Institutional 
Review Board for the University of Texas Health Science Cen- 
ter at San Antonio. All subjects gave informed consent. The re- 
sults presented in this study are based on the first two (out of 
six) census tracts in the 7-year follow-up of the phase II cohort, 
which began in October 1990. 

At the follow-up examination, blood specimens were ob- 
tained following a 12-14 h fast, and a second specimen was ob- 
tained 2 h after administration of a 75-g glucose equivalent 
load (Orangedex, Custom Laboratories, Baltimore, Md., 
USA). Plasma glucose concentrations were measured with an 
Abbott VIP Analyzer (Abbott Laboratories, North Chicago, 
Ill., USA). For subjects included in the present report we mea- 
sured seruminsulin concentrations by a commercial double 
antibody radioimmunoassay (RIA) (human insulin-specific 
RIA method, LINCO Research, St. Louis, Mo., USA) in which 
proinsulin cross-reactivity is less than 0.2 %. The lower limit of 
sensitivity of the Linco assay was 14.4 pmol/1. The intra-assay 
coefficient of variation was 4.5 % and the interassay coefficient 
of variation was less than 10 % [42]. Proinsulin concentrations 
were measured in the laboratory of Dr. R. Bowsher (Lilly Lab- 
oratory for Clinical Research, Indianapolis, Ind., USA) by a 
nonequilibrium RIA method [36]. The polyclonal antibody 
used in this assay (168AB) recognizes a proinsulin-specific epi- 
tope formed by the intact A-chain-C-peptide junction. Fasting 
lipids and lipoproteins were measured using methods de- 
scribed previously [39]. The intra-assay coefficient of variation 
ranged from 6 to 21% using controls prepared at 5, 50 and 250 
pmol/1. 

Diabetes mellitus was diagnosed according to the criteria of 
the World Health Organization (WHO) (fasting plasma glu- 
cose >__ 7.8 retool/1 (140 mg/dl) and/or 2-h plasma glucose val- 
ue _> 11.1 mmol/l (200 mg/dl)) [43]. Subjects who did not meet 
these criteria but who were being treated with oral anti-dia- 
betic agents or insulin were also considered to have diabetes. 
Impaired glucose tolerance was also diagnosed according to 
WHO criteria (fasting plasma glucose < 7.8 mmol/1 (140 mg/ 
dI) and 2-h plasma glucose between 7.8 mmol/1 (140 mg/dl) 
and 11.1 mmol/1 (200 mg/dl)) [42]. Since the focus of this report 
is on the insulin resistance syndrome in non-diabetic subjects 
and since LDL size is related to diabetes [20, 22, 24, 25] we ex- 
cluded the 125 subjects with diabetes. 

Anthropometric measurements (height, weight, waist and 
hip circumferences) were obtained after participants had re- 
moved their shoes and upper garments and donned an examin- 
ing gown [44]. Body mass index (BMI) was calculated as 
weight (kg) divided by height (m) squared. The ratio of waist- 
to-hip circumference (WHR) was used as a measure of body 
fat distribution. 

Systolic blood pressure (first phase) and diastolic blood 
pressure (fifth phase) were measured to the nearest even digit 
with a random zero sphygmomanometer (Hawksley-Gelman, 



1330 

Lancing, Sussex, UK) [45]. Hypertension was defined as a sys- 
tolic blood pressure greater or equal than 140 mmHg and/or a 
diastolic blood pressure greater or equal than 90 mmHg and/ 
or current use of antihypertensive medication which corre- 
sponds to the mild hypertension category of the Joint National 
Committee on Detection, Education and Treatment of High 
Blood Pressure (JNC V) recommendations [46]. 

LDL size and subclass pattern were determined in plasma 
samples by the method of Krauss and Burke [4] in the labora- 
tory of the Medlantic Research Institute, Washington, D. C., 
USA. Plasma samples for determination of LDL size were 
stored at -70 ~ (without thawing) until the analyses for LDL 
size were done, an average of 3 months later. Gradient gels 
were obtained from Isolab, Inc. (Akron, Ohio, USA). Mea- 
surement of the particle sizes was calibrated using LDL sub- 
fractions whose molecular diameter had been determined by 
analytical ultracentrifugation (courtesy of Dr. R. Krauss, Don- 
ner Laboratories, Berkeley, Calif., USA). In almost all sub- 
jects, a predominant LDL peak could be determined. The size 
of the predominant peak was considered the individuals' LDL 
size. Subjects were classified into three groups on the basis of 
size and shape of the major peak. A major gradient peak of 
greater than 257A with skewing toward smaller particles was 
classified as pattern A. Individuals with a predominant peak 
of less than 253.5A were classified as pattern B and those sub- 
jects between 253.5 and 257A, were classified as pattern I un- 
less the size was very close to the cutpoints and the peak had 
the characteristic shape of either the A or B pattern. The 
mean sizes in (A) of the A, I and B peaks were 264.7 _+ 0.3, 
255.3 _+ 0.4, and 244.5 _+ 0.4, respectively. The interassay coeffi- 
cient of variation for eight control pools (240-263~_) ranged 
from 1.8 to 3.6 % [19]. 

On the basis of previous prospective epidemiologic studies 
[17, 18], we considered four metabolic conditions to be most 
closely associated with the insulin resistance syndrome: IGT; 
hypertension; low HDL cholesterol; and high triglyceride con- 
centrations. Triglyceride concentrations were dichotomized as 
above or below 2.3 mmol/1 (200 mg/dl) as recently recom- 
mended by the National Cholesterol Education Program 
(NCEP) [47]. Also as recommended by the NCER HDLC 
was dichotomized as above or below 0.9 mmol/1 (35 mg/dl) for 
men. For women, we used a higher cutoff-point 1.2 mmol/I 
(45 mg/dl) than recommended by the NCEP to increase the 
number of abnormal values. We used the WHO criteria [43] 
for the diagnosis of impaired glucose tolerance and the mild 
hypertension definition of the JNC V [45] as noted. 

Statistical analyses 

Statistical techniques included Spearman correlation coeffi- 
cients, partial correlation efficients, parametric analyses of 
variance, multiple linear regression, multiple logistic regres- 
sion and chi-squared tests. We confirmed that the distribution 
of LDL size of the predominant peak was normally distributed 
using normal probability plots. The skewness of the LDL size 
distribution was -0.16 and the kurtosis was -0.71 also suggest- 
ing an approximately normal distribution. Triglyceride concen- 
trations were logarithmically transformed to reduce skewness 
and kurtosis. Statistical analyses were performed on the natu- 
ral logarithms and the results were back-transformed into their 
natural units for presentation in the Tables. Interactions be- 
tween ethnicity (or sex) and other variables (number of meta- 
bolic disorders, LDL size, insulin, etc.) were examined using 
both logistic regression and analyses of variance. There were 
no statistically significant interactions (p > 0.20). Therefore, 
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the ethnic groups and both sexes were pooled in most analyses 
for greater statistical power and ease of presentation. 

Results 

Table i shows the anthropometr ic ,  metabol ic  and 
haemodynamic  characteristics of  non-diabet ic  
subjects by gender. The m e a n  L D L  size in women  
is 258.3+0.6  A and in m e n  is 256.0+0.7  
(p = 0.029). 

Table 2 shows Pearson correlat ions be tween  L D L  
size, insulin, proinsulin and cardiovascular risk fac- 
tors. L D L  size was significantly positively correlated 
with H D L  cholesterol  and inversely correlated with 
insulin, proinsulin, the fasting proinsulin/insulin ratio, 
triglyceride, total  and L D L  cholesterol,  b lood pres- 
sure and glucose levels. Insulin, proinsulin and the 
proinsulin/insulin ratio were also, in general,  corre- 
la ted with cardiovascular risk factors. 

Table 3 shows partial  correlat ion coefficients after  
ad jus tment  for age, gender,  BMI,  W H R ,  glucose, 
triglyceride, and H D L  cholesterol.  Insulin, proinsulin 
and the fasting proinsulin/insulin ratio were  all signif- 
icantly inversely correlated with L D L  size after  ad- 
jus tment  for possible confounding variables. 

We also considered whether  the fasting proinsulin/  
insulin rat io (as a marker  of selective beta-cell  sec- 
ondary  failure) predicts L D L  size independen t ly  of 
fasting insulin concentrat ions  (as a marke r  of insulin 
resistance). To examine  this issue we stratified non- 
diabetic subjects by bo th  the med ian  level of fasting 
insulin (110.2 pmol/1) and the fasting proinsulinlinsu- 
lin ratio (0.075) (Fig. 1). Bo th  fasting insulin concen- 
trat ions (r = 0.002) and the fasting proinsulin/insulin 
ratio (p = 0.008) were inversely significantly re la ted 
to L D L  size but  the association was stronger for  fast- 
ing insulin. L D L  size was lowest in hyperinsulin- 
aemic subjects with a high fasting proinsulin/insulin 
ratio. 

Figures 2 and  3 show L D L  size and patterns by 
four  selected metabol ic  disorders. Smaller, denser  
L D L  was significantly re la ted to increased triglycer- 
ide (p < 0.001), decreased H D L  cholesterol  (p < 
0.001), hyper tens ion (p = 0.031) and I G T  (p = 0.048). 

We next  examined the association of the number  
of metabol ic  disorders to L D L  size separately in 
m e n  and w o m e n  and also in Mexican Amer icans  and 
non-Hispanic  whites. L D L  size was significantly re- 
la ted to the number  of metabol ic  disorders after  strat- 
ification by gender  or  ethnici ty (data  not  shown). 
These results were similar in Mexican Amer icans  
and  non-Hispanic  whites separately, and in men  and 
w o m e n  separately. The gender  x number  of  meta-  
bolic disorders and the ethnici ty x number  of  meta-  
bolic disorder in teract ion terms were not  statistically 
significant (p = 0.900 and p = 0.451, respectively). 
We therefore  combined  the sexes and ethnic groups 
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Table 1. Anthropometric, metabolic and haemodynamic characteristics by gender in non-diabetic subjects 

1331 

n Women Men p -value 
284 204 

Age (years) 50.5 + 0.8 49.7 _+ 1.7 0.565 
% Mexican American 68 % 54 % 0.015 
Body mass index (kg/m 2) 29.8 + 0.5 28.9 _+ 0.4 0.191 
WHR 0.894 + 0.01 0.966 _+ 0.01 < 0.001 
Total cholesterol (mmol/1) 5.77 + 0.07 5.69 _+ 0.07 0.566 
LDL cholesterol (mmol/1) 3.72 + 0.07 3.81 _+ 0.08 0.436 
HDL cholesterol (retool/l) 1.20 + 0.02 1.04 _+ 0.02 < 0.001 
Triglyceride (retool/l) 1.82 _+ 0.06 1.86 _+ 0.08 0.696 
Systolic blood pressure (mmHg) 123.1 + 1.2 127.8 _+ 1.5 0.034 
Diastolic blood pressure (ram Hg) 71.0 + 0.7 76.7 _+ 0.8 < 0.001 
Fasting glucose (mmol/1) 4.96 _+ 0.03 5.11 _+ 0.04 0.017 
2-h glucose (mmol/1) 6.70 + 0.12 5.99 _+ 0.14 0.001 
Fasting insulin (pmol/1) 108.1 + 4.5 115.2 _+ 3.2 0.877 
2-h insulin (pmol/1) 620 + 35 370 + 35 0.089 
Fasting proinsulin (pmol/1) 8.0 + 0.4 9.5 + 0.3 0.200 
2-h proinsulin (pmol/l) 40.5 _+ 2.8 40.0 + 1.9 0.672 
Fasting proinsulin/insulin ratio 0.082 + 0.002 0.074 + 0.003 0.782 
LDL size (A) 258.3 + 0.6 256.0 + 0.7 0.029 
LDL subclass pattern 
A 57 % 46 % 0.042 
I 10 % 17 % 
B 33 % 37 % 

IGT (%) 30 % 15 % 0.002 
Hypertriglyceridaemia (%) 

2.3 mmol (200 mg/dl) 20 % 27 % 0.823 
Low HDL cholesterol (%) 34 % 50 % 0.003 
men < 0.9 mmol/1 (35 mg/dl); 
women < 1.2 mmol/1 (45 mg/dl) 

% Hypertensive 25 % 30 % 0.316 

Data are mean + SEM 
(n = 488 subjects) 

in subsequent  analyses to simplify the presenta t ion 
and improve statistical power. 

Figure 4 shows L D L  size and propor t ion  of  pa t tern  
B by the number  of metabol ic  disorders. L D L  size de- 
creased and the propor t ion  of pa t tern  B increased 
significantly with increasing number  of metabol ic  dis- 
orders. 

Table 4 shows the relat ionship stratified by the 
level of each metabol ic  disorder of L D L  size to the 
number  of remaining metabol ic  disorders (zero to 
three).  In these analyses, L D L  size remains signifi- 
cantly associated with the number  of metabol ic  disor- 
ders even after  stratification for high or low levels of 
triglyceride, H D L ,  I G T  or hypertension.  

Since age, obesity and body  fat distr ibution may  
also be re la ted to both  L D L  size and the number  of 
metabol ic  disorders, we control led for the effect of 
these possible confounding variables by mult iple lin- 
ear regression in non-diabet ic  subjects. In these analy- 

ses, L D L  size is the dependen t  variable. The number  
of metabol ic  disorders cont inued to be significantly re- 
la ted to L D L  size even after  ad jus tment  for  age, obe- 
sity, body fat distribution, gender  and ethnicity (data 
not  shown). For  example,  each addit ional  metabol ic  
disorder was associated with a 4.7 A decrease in L D L  
size. Fasting insulin, the fasting proinsulin/insulin ratio 
and gender  also predic ted L D L  size. W h e n  we re- 
pea ted  these analyses using mult iple logistic regres- 
sion models  in which the presence of L D L  subclass 
pat tern  B was the dependen t  variable we obta ined 
very similar results (data not  shown). 

Discussion 

We have previously shown that  in a smaller number  
of diabetic and non-diabet ic  subjects immunoreac-  
t i re  insulin concentrat ions  are associated with a pre- 
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Table 2. Pearson correlation of LDL size with insulin and proinsulin and metabolic variables 

LDL size Insulin Proinsulin Fasting proinsulinJ 

Fasting 2-h Fasting 2-h insulin ratio 

LDL size - - 0.180 b - 0.197 b - 0.26U - 0.239 b - 0.261 ~ 
Triglyceride - 0.604 c 0.275 ~ 0.247 ~ 0.586 ~ 0.458 ~ 0.433 ~ 
Total cholesterol - 0.204 b - 0.040 - 0.021 0.161 ~ 0.089" 0.187 b 
H D L  cholesterol 0.520 c - 0.222 b - 0.178 b - 0.137 ~ - 0.117 ~ - 0.102 a 
LDL cholesterol - 0.121 ~ - 0.042 0.010 - 0.035 - 0.061 0.011 
Systolic blood pressure - 0.149 b 0.170 c 0.180 ~ 0.175 ~ 0,121 b 0.139 b 
Diastolic blood pressure - 0.109 a 0.130 b 0.140 b 0.142 u 0.037 a 0.037 
Fasting glucose - 0 . 1 3 5  b 0.159 b - 0.131 b 0.306 ~ 0.158 b 0.266 ~ 
2-h glucose - 0 . 1 5 0  b 0.256 c 0.006 0.378 ~ 0.214 ~ 0.249 ~ 

ap < 0.05; b p  0.01; Cp < 0.001 (n = 488 subjects) 

Table 3. Partial correlation coefficients of LDL size with insulin and proinsulin 

Insulin Proinsulin 

Fasting 2-h Fasting 2-h 

Fasting proinsulird 
insulin ratio 

Adjusted for age, gender, BMI and WHR 
LDL size - 0.201 b - 0.156 a - 0.318 c - 0.221 b 

Adjusted for age, gender, BMI, WHR, triglyceride, high density lipoprotein and fasting glucose 
LDL size - 0.143 ~ - 0.105 ~ - 0.170 ~ - 0.110 ~ 

-- 0.274 c 

- 0.154 a 

ap < 0.05; bp < 0.01; Cp < 0.004 

260 

LDLo 255 
size (A) 

25C 

24 

260 

255 LDL 
size 

)-50 

!45 

Insu' 
) w  Fig. 1. LDL size by fasting insulin (I) and the 

fasting proinsulin/insulin (P/I) ratio in non-dia- 
betic subjects, p-values calculated by two-way 
analysis of variance (insulin p = 0.002; proinsulin 
p = 0.008) 

p o n d e r a n c e  o f  s m a l l e r  d e n s e r  L D L  p a r t i c l e s  [19]. 
W e  h a v e  n o w  s h o w n  fo r  t h e  f i r s t  t i m e  t h a t  L D L  s ize  
is i n v e r s e l y  a s s o c i a t e d  w i t h  b o t h  s p e c i f i c  i n s u l i n  a n d  
p r o i n s u l i n  c o n c e n t r a t i o n s  a n d  t h e  p r o i n s u l i n / i n s u l i n  
r a t io .  Th i s  s u g g e s t s  t h a t  a m o r e  a t h e r o g e n i c  L D L  
p a t t e r n  m a y  o c c u r  n o t  o n l y  w i t h  i n s u l i n  r e s i s t a n c e  
b u t  a l so  in  s u b j e c t s  w i t h  a b n o r m a l  i n s u l i n  s e c r e t i o n .  
H o w e v e r ,  t h e  e f f e c t  o f  i n s u l i n  r e s i s t a n c e  (as  e s t i -  
m a t e d  b y  f a s t i n g  i n s u l i n  c o n c e n t r a t i o n s )  was  s o m e -  
w h a t  s t r o n g e r  t h a n  t h e  e f f ec t  o f  a b n o r m a l  b e t a - c e l l  
f u n c t i o n  (as  j u d g e d  b y  t h e  f a s t i n g  p r o i n s u l i n / i n s u l i n  
r a t i o  o n  L D L  s ize  (Fig.  l ) .  W e  h a v e  p r e v i o u s l y  
s h o w n  t h a t  i n c r e a s e d  p r o i n s u l i n  a n d  s p e c i f i c  i n s u l i n  
c o n c e n t r a t i o n s  a r e  a s s o c i a t e d  w i t h  i n c r e a s e d  b l o o d  
p r e s s u r e ,  a n d  i n c r e a s e d  t r i g l y c e r i d e  l e v e l s  in  a s m a l -  
l e r  n u m b e r  o f  s u b j e c t s  [36]. F u r t h e r m o r e ,  t h e  f a s t i n g  
p r o i n s u l i n / i n s u l i n  r a t i o  w a s  a s s o c i a t e d  w i t h  a n  in-  

c r e a s e d  n u m b e r  o f  m e t a b o l i c  d i s o r d e r s  in  n o n - d i a -  
b e t i c  s u b j e c t s  [48]. 

W e  h a v e  s h o w n  in  th is  r e p o r t  t h a t  s m a l l  d e n s e  
L D L ,  w h e t h e r  m e a s u r e d  as  L D L  size,  a c o n t i n u o u s  
v a r i a b l e ,  o r  as  t h e  d i c h o t o m o u s  B vs A L D L  s u b c l a s s  
p a t t e r n ,  is a s s o c i a t e d  w i t h  m u l t i p l e  m e t a b o l i c  d i so r -  
ders .  T h e s e  a s s o c i a t i o n s  w e r e  n o t  d e p e n d e n t  o n  o b e -  
s i ty  o r  o n  u n f a v o u r a b l e  b o d y  f a t  d i s t r i b u t i o n ,  b o t h  o f  
w h i c h  ex i s t  in  i n s u l i n - r e s i s t a n t  sub jec t s ;  f u r t h e r m o r e ,  
s i m i l a r  r e l a t i o n s  b e t w e e n  L D L  s ize  a n d  i n s u l i n  r e s i s -  
t a n c e  s y n d r o m e - r e l a t e d  d i s o r d e r s  o c c u r  in  b o t h  m e n  
a n d  w o m e n  a n d  in  M e x i c a n  A m e r i c a n s  a n d  n o n - H i s -  
p a n i c  whi tes .  O u r  r e s u l t s  c o n f i r m  e a r l i e r  w o r k  b y  
S e l b y  e t  al.  [20] in  t h e  K a i s e r  P e r m a n e n t e  W o m e n  
Twins  S tudy .  I n  t h e  c u r r e n t  r e p o r t  as  in  a p r e v i o u s  r e -  
p o r t  [19], i n s u l i n  c o n c e n t r a t i o n s  w e r e  a s s o c i a t e d  w i t h  
L D L  size.  H o w e v e r ,  t h e  n u m b e r  o f  m e t a b o l i c  d i so r -  
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Fig.3. The percent LDL subclass pattern B by: triglyceride; 
HDL cholesterol; blood pressure; and impaired glucose toler- 
ance in non-diabetic subjects 

ders was significantly related to LDL size even after 
controlling for insulin concentrations. Since the cor- 
relation between fasting insulin concentrations and 
insulin resistance is only moderate (r = -0.6) [49, 50], 
it is possible that controlling for insulin resistance di- 
rectly might statistically account for the entire associ- 
ation between the insulin resistance syndrome and 
LDL size. 

In this report, as in previous studies, LDL size was 
lower in subjects with higher triglyceride [4-7, 19- 
22] and low HDL cholesterol concentrations [5, 19- 
22]. Subjects with hypertriglyceridaemia and de- 
creased HDL cholesterol also had a significantly 
higher prevalence of LDL subclass B. 

Subjects with hypertension also had significantly 
smaller LDL size and a higher prevalence of LDL 
subclass pattern B than normotensive subjects. Selby 
et al. [20] found a significant association between hy- 
pertension and LDL subclass pattern B, but not 
LDL size. LDL size has also been found to be re- 
duced in subjects with familial dyslipidaemic hyper- 
tension [51] and in subjects taking beta blockers [23]. 
Exclusion of the subjects on pharmacological therapy 
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l~g.4. LDL size and subclass pattern by the number of meta- 
bolic disorders in non-diabetic subjects 

for hypertension did not affect the association be- 
tween LDL size and the number of metabolic disor- 
ders (data not shown). In the current report, the asso- 
ciation between hypertension and LDL size or pat- 
tern was not statistically significant after adjusting 
for the number of other metabolic disorders. This 
suggests that the smaller denser LDL observed in 
the current report is most likely due to the higher trig- 
lyceride and lower HDL cholesterol observed in hy- 
pertensive subjects. 

Although a number of studies has shown that sub- 
jects with NIDDM have smaller denser LDL than 
non-diabetic subjects [20, 22, 24, 251, few data are 
available on the effect of IGTon  LDL size. In the cur- 
rent report, we observed smaller LDL size in subjects 
with IGT compared to subjects with normal glucose 
tolerance (Fig. 2). Selby et al. [20] have shown that in 
women with IGT LDL size was intermediate be- 
tween those with normal glucose tolerance and dia- 
betes. Recently, Austin et al. [52] have shown a pre- 
ponderance of small dense LDL prior to the onset of 
NIDDM in elderly Finnish subjects. 

The associations of LDL size with hypertriglycer- 
idaemia and low HDL cholesterol was much stronger 
than its association with hypertension or IGT. How- 
ever, the association between LDL size and the num- 
ber of multiple metabolic disorders was not only de- 
pendent on the triglyceride and HDL concentrations. 
LDL size significantly decreased in a stepwise fashion 
with the increasing number of metabolic disorders 
(Fig. 4). Thus, the impact of having three or four met- 
abolic defects on LDL composition was larger than 
having only two disorders (most likely to be high tri- 
glyceride level and low HDL cholesterol). 

Subjects with the insulin resistance syndrome have 
higher triglyceride and lower HDL cholesterol levels 
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Table 4. LDL size and the proportion of pattern B a according to the number of metabolic disorders stratified by levels of selected 
metabolic disorders in non-diabetic subjects 

Number of metabolic disorders 

0 1 2 3 

p -value 

Triglyceride 
high (n = 129) 254.4 249.6 248.5 
(% pattern B)* (65 %) (79 %) (85 %) 
low (n = 359) 262.6 257.5 260.9 
(% pattern B)* (16 %) (39 %) (54 %) 
HDL cholesterol 
low (n = 210) 255.1 254.9 248.1 
(% pattern B)* (51%) (45 %) (75 %) 
high (n = 288) 262.6 260.5 258.9 
(% pattern B)* (16 %) (38 %) (58 %) 
Hypertension 
yes (n = 132) 258.3 256.5 250.0 
(% pattern B)* (16 %) (36 %) (80 %) 
no (n = 356) 262.6 256,6 252.7 
(% pattern B)* (16 %) (46 %) (65 %) 
IGT 
yes (n = 110) 261.8 258,4 247.6 
(% pattern B)* (21%) (46 %) (79 %) 
no (n = 372) 263.5 255,9 253.4 
(% pattern B)* (16 %) (36 %) (59 %) 

244.9 
(89 %) 
252.7 
(67 %) 

244.9 
(89 %) 
254.4 
(60 %) 

244.9 
(80 %) 
247.1 
(86 %) 

244.9 
(89 %) 
247.8 
(60%) 

TG NOMD 
< 0.001 < 0.001 

(< 0.001) (0.002) 

HDL NOMD 
< 0.001 < 0.001 

(< 0.001) (< 0.002) 

1" BP NOMD 
0.444 < 0.001 

(0.872) (< 0.001) 

IGT NOMD 
0.182 < 0.001 

(0.363) (< 0.001) 

Data are mean + SEM (n = 488 subjects) 
NOMD, Number of metabolic disorders. 
* Subjects with pattern I excluded from these analyses 
a Maximum number of metabolic disorders is three since one disorder is being stratified 

[8-12] which m a y  contr ibute  to increased risk for cor- 
onary  hear t  disease. However ,  they  have relatively 
normal  L D L  cholesterol  levels. We have shown in 
this repor t  that  a p reponderance  of small dense L D L  
is also strongly associated with the metabol ic  disor- 
ders which characterize the insulin resistance syn- 
drome,  suggesting that  small dense L D L  m a y  explain 
part  of the increased risk of atherosclerosis in this dis- 
order. Fur the rmore ,  decreases in L D L  size are also 
significantly associated with bo th  a selective beta- 
cell defect  (as es t imated  by the fasting proinsulin/in- 
sulin ratio) and insulin resistance (as es t imated  by 
the fasting insulin concentrat ions)  a l though the asso- 
ciation was somewhat  s t ronger  for the latter. We con- 
clude that  small dense L D L  m a y  form part  of  the in- 
sulin resistance syndrome.  
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