
This article is available online at http://www.jlr.org Journal of Lipid Research Volume 50, 2009 1901

Copyright © 2009 by the American Society for Biochemistry and Molecular Biology, Inc.

(ASCVD), particularly coronary artery disease (CAD) ( 1 ), 
and a dyslipidemia characterized by high levels of plasma 
triglycerides (TG) and low levels of HDL cholesterol (C) 
( 2 ,  3 ). Although low HDL-C is an acknowledged risk factor 
for CAD, high TG levels have not been demonstrated con-
sistently to be a risk factor, usually due to loss of signifi -
cance when other known risk factors, particularly glucose 
and HDL-C, are taken into account ( 4 ,  5 ). However, large 
meta-analyses have identifi ed plasma level of fasting TG as 
an independent predictor of future CVD, particularly in 
women ( 6 ,  7 ). Importantly, two recent studies indicated 
the importance of increased nonfasting or postprandial 
(PP) TG levels ( 8 ,  9 ) as predictors of ASCVD. In those 
studies, nonfasting TG concentrations remained indepen-
dent predictors of ASCVD events, even after adjusting for 
other risk factors including HDL-C. 

 The importance of these recent fi ndings is highlighted 
by the fact that most individuals are usually within a few 
hours of eating food during much of the day. Indeed, stud-
ies from several laboratories, including our own, have 
demonstrated that the excursion of plasma TG after inges-
tion of a high-fat meal is predictive of the presence of CAD 
( 10 – 13 ) or carotid atherosclerosis ( 14 ) in people without 
DM. In two of those studies ( 13 ,  14 ), the predictive power 
of PPTG was independent of fasting TG concentrations. 
On the other hand, there are only a few studies that have 
examined PP lipemia (PPL) in populations with DM, and 
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formed consent. Exclusion criteria included: MI or cardiac pro-
cedures within the past 3 months, cancer, severe congestive heart 
failure (ejection fraction < 20%), kidney or liver disease, pancre-
atitis, other gastrointestinal conditions, creatinine levels > 1.3, 
abnormal liver function tests, abnormal CBC, fasting TG > 400 
mg/dl, urine protein > 2+ on urinalysis or > 1000 mg/24 h, 
abnormal thyroid function tests, body mass index (BMI) > 34 
for men and > 37 for women or BMI < 20 for both sexes, and 
age < 35 or > 75 years. All participants completed the study. 

 Study procedures 
 The protocol we used has been described previously by our 

group ( 13 ). Briefl y, participants were admitted to the Clinical 
Research Center after fasting for 12 h. Participants had not in-
gested any alcoholic beverages for at least 5 days prior to study. 
Lipid-altering medications had been stopped 4 weeks prior to the 
study. Participants had a fasting blood glucose measured by a 
bedside device and, based on the results, were given some or all 
of their diabetes medications. This approach was introduced be-
cause of the relatively low carbohydrate and caloric intake during 
the 10-h test. Participants were weighed and their height, waist, 
and hip circumferences were measured. After fasting bloods were 
obtained, participants ingested a high-fat beverage that provided 
1,237 kcal/2 m 2  body surface area. The beverage consisted of 
75% fat (40% saturated, 20% monounsaturated, and 15% poly-
unsaturated), 10% protein, and 15% carbohydrate. Aqueous vita-
min A (Vitadral Trophen, Pharma Wenigerode) was added to 
provide 100,000 U/2 m 2  body surface area. The high-fat beverage 
was consumed within 15 min. Sequential blood samples were ob-
tained at 3, 5, 7, and 10 h after ingestion of the beverage. Except 
for use of the bathroom, participants remained in a semirecum-
bent position for the complete study. 

 Nutrition 
 Standardized Block 98.2 food frequency questionnaires were 

obtained on all participants by a registered dietitian and 
tabulated. 

 Laboratory 
 Total C, TG, HDL-C, and glucose were measured using stan-

dard enzymatic techniques on a Roche Hitachi 912 chemistry 
analyzer. LDL-C levels were calculated by the Friedewald method 
( 18 ). Lipoproteins were isolated from the fasting and PP samples 
by sequential ultracentrifugation of 2 ml of plasma, beginning 
with d.1.006 ( 19 ), in a 50.3ti rotor using a Beckman TL100 ultra-
centrifuge. The lipoproteins were removed in volumes of 2.0 ml 
and used for determination of TG and C. Lipoprotein particle 
number and size were determined at Liposcience Inc.. Raleigh, 
NC ( 20 ). Total apoB and apoA-I were measured in serum using 
an immunoturbidometric method (Roche Diagnostics Systems) 
on a Hitachi 912 chemistry analyzer. ApoB48 levels were mea-
sured by an ELISA kit from BioVendor USA/Canada ( 21 ). Rem-
nant lipoprotein (RLP)-C was determined using reagents 
obtained from Otsuka Pharmaceutical Co. ( 22 ) RP levels were 
determined using reverse phase HPLC ( 23 ). Additionally, CBC, 
metabolic panel, and HbA1c were measured on fasting samples 
by the hospital clinical laboratory. 

 Statistics 
 PP incremental area under the curve (IAUC) for TG, d<1.006 

TG, RP, RLP-C, and other analytes were calculated as previously 
described ( 13 ). TG and RP levels, as well as IAUCs for TG and 
RP, were log-transformed to achieve normal distributions prior 
to statistical analysis; results for these measures are reported as 
medians and interquartile ranges. All comparisons between cases 

the results have been confl icting. One small study in DM 
patients did not show an association between PPL and 
CAD ( 15 ). A later study by the same group of investigators 
confi rmed the initial overall fi nding but did observe that 
PP excursions of apolipoprotein (apo) B48 and apoB100 
intermediate density lipoproteins (IDL) were greater in 
the presence of more severe CAD ( 16 ). A more recent 
study demonstrated that participants with myocardial in-
farction (MI) and DM had a higher response of plasma TG 
and retinyl palmitate (RP; used as a marker of intestinal 
remnant lipoproteins) compared with individuals with 
DM who had not had an MI ( 17 ). 

 In an attempt to clarify the role of PPL in patients with 
DM, we conducted a case-control study in people with DM, 
with or without evidence of clinical CAD. Our hypothesis 
was that, although people with DM and documented CAD 
would not differ by usual measures of PPL, they would 
have a greater number of small PP lipoprotein particles in 
the d<1.006 g/L density range (a mixture of chylomicrons, 
chylomicron remnants, and VLDL) compared with a 
group of people with DM but no CAD. These smaller PP 
d<1.006 lipoproteins might be more atherogenic. 

 METHODS 

 We performed a cross-sectional, case-control study in DM indi-
viduals. Participants were fi rst identifi ed by querying a large clini-
cal database maintained by the New York Presbyterian Hospital 
and Columbia University Medical Center for patients with DM 
who had a MI any time in the past, a coronary angiogram within 
the previous year, or an exercise perfusion scan (stress thallium 
study) within one year. The physicians caring for those patients 
then obtained permission for the investigators to contact them. 
The presence of DM was defi ned by medical record diagnosis, 
fasting glucose >140 mg/dl, or the use of diabetes medications. 
The CAD+ (N = 84) group was defi ned by the following criteria: 
documented prior MI, PTCA/stent, CABG, or >75% stenosis in 
any vessel by coronary angiography. The CAD �  (N = 80) group 
was defi ned as: the absence of a prior MI and <50% stenosis in all 
vessels by coronary angiography within the past year, or the com-
bination of a normal exercise perfusion scan and the absence of 
a prior MI or any interventional cardiac procedures. In the CAD+, 
62 of the 84 participants had a previous MI, 41 had a CABG, 38 
had an angioplasty or stent placement, and 70 had >75% stenosis 
in at least one vessel on angiography. Among the CAD � , 21 of 
the 80 participants had no history of an MI and <50% stenosis in 
all vessels on angiography, while 59 had normal perfusion scans 
and no prior CAD event. 

 Because of the untimely death of the lead investigator (C.T.), 
analysis of the data and generation of the manuscript were de-
layed for several years. However, this allowed us to determine 
outcome data in our study populations. Thus, we were able to 
ascertain the health status of 69 of the 80 CAD �  participants (11 
participants were lost to follow-up) 7 years after the original study 
was completed (mean follow-up of 8.7 years). In those 69 partici-
pants, we determined if they had had a MI, developed an abnor-
mal ECG consistent with a MI, or required any interventional 
treatment (PTCA or CABG). 

 Participants 
 The study was approved by the Columbia University Medical 

Center Institutional Review Board and all participants signed in-
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and 6 controls). Of those receiving medications, use of sul-
fonylurea or repaglinide was reported in 62% of CAD+ 
and 69% of CAD � ; metformin in 32% of CAD+ and 50% 
of CAD � ; thiazolidinediones in 5% of CAD+ and 9% of 
CAD � ; and insulin in 19% of CAD+ and 21% of CAD � . 
We performed separate analyses in cases and controls to 
see if the TG and VLDL-TG PP areas were different be-
tween participants who were on metformin and those who 
were not; we found no signifi cant differences in either 
group (data not shown). 

 Fasting lipid and lipoprotein levels were similar in cases 
and controls 

 The lipid and lipoprotein results for females and males 
were similar and were combined for analyses. Fasting lev-
els of total C, TG, VLDL TG, HDL-C, LDL-C, and apoA-1 
were similar in both groups. Fasting levels of total apoB 
were higher in the CAD+ (117 ± 27 mg/dl) than in the 
CAD �  group (108 ± 27 mg/dl);  P  < 0.04) (  Table   2  ).  

 Cases and controls had similar levels of PPL 
 The excursions of plasma TG and d<1.006 TG in cases 

and controls after the high-fat load were nearly identical 
(  Fig. 1A , B,  respectively),  confi rming our hypothesis that 
there were no differences in the CAD+ vs. the CAD �  
groups. The actual IAUCs for TG and d<1.006 TG are pre-
sented in   Table   3  .  Because gender has been shown to af-
fect PP responses and we had more women in this study, 
we analyzed the data separately by gender. Although 
women in both groups had lower TG and d<1.006 TG ar-
eas than did men, there were no case-control differences 
within gender ( Fig. 1C, D ;  Table 3 ). Additionally, because 
administration of insulin just prior to the study (see “Meth-
ods”) might have had an acute effect on TG or VLDL-TG 
PP areas, we analyzed our data separately for those patients 
taking and those not taking insulin ( Table 3 ). Although 
insulin use was associated with lower PPTG and PP d<1.006 
TG, there were no case-control differences in either group. 
Additionally, there was no difference in HbA1c levels 
between cases and controls, nor did HbA1c affect case-
control differences in PPTG areas. 

 Cases did not have greater PP responses of apoB48 and 
total apoB than controls, and there were no differences 
in the size distribution or number of d<1.006 particles 
during PPL 

 Our main hypothesis was that, despite the absence of 
differences in PP lipids in CAD+ versus CAD � , there would 
be a greater number of smaller lipoprotein particles within 
the d<1.006 range in the cases after the fat load. We exam-
ined this specifi c hypothesis with several approaches. First, 
we determined the number of intestinal particles, as re-
fl ected by levels of apoB48. Plasma apoB48 levels at 0, 5, 
and 10 h were similar between cases and controls (  Fig. 2A  ). 
 However, the apoB48 IAUC (mg/L/hour) was slightly, 
but signifi cantly, higher in CAD �  compared with CAD+ 
(55.2 ± 44 vs. 41.3 ± 27, respectively;  P  < 0.02). Total apoB, 
which even in the PP state is >95% apoB100, was (as noted 
above) higher in CAD+ at time 0 and remained higher at 
5 and 10 h ( Fig. 2B ). However, apoB levels changed very 

and controls were done by unpaired  t -tests. All results are re-
ported as means and SD; error bars in fi gures are of SEM. With 
84 cases and 80 controls, we had 80% power, testing at  P  = 0.05, 
to detect any difference that exceeded 45% of the within-group 
SD. Thus, if an outcome measure had a 20% within-group SD, we 
had the power to fi nd signifi cance if the case-control difference 
exceeded 9%. Confi dence limits were calculated on case-control 
differences as part of the unpaired  t -tests using SAS (version 9.1, 
SAS Software, Inc.). 

 RESULTS 

 Cases and controls had similar demographic 
characteristics except for sex and ethnicity 

 Our study enrolled 164 individuals with DM (66 females 
and 98 males), 84 of whom were CAD+ and 80 were CAD � . 
The clinical characteristics of each group are presented in 
  Table   1  .  The groups were similar regarding age, duration 
of diabetes, HbA1c, BMI, and waist-hip ratio. There were 
no signifi cant differences in dietary intake between the 
CAD �  (percent of calories: 17.8% protein, 34.7% fat, 
46.9% carbohydrate, 10.1% saturated fat) and CAD+ per-
cent of calories: 18.1% protein, 33.4% fat, 47.6% carbohy-
drate, 10.1% saturated fat) group. Total calories (CAD+, 
1739.4; CAD � ,1754.1 kcal/d) and dietary C (CAD � , 
261.7; CAD+, 247.2 mg/d) were also similar in the groups, 
although it is likely that there was underreporting of ca-
loric intake in both groups. There were signifi cantly more 
Hispanics (68% vs. 52%) in the CAD �  group, and more 
whites/others among the CAD+ (41% vs. 21%). However, 
we did not fi nd case-control differences in PPL by ethnic-
ity (data not shown). There were also more women than 
men (50% vs. 31%) in the study population (see below). 

 HbA1c levels were elevated in both CAD �  and CAD+ 
groups ( Table 1 ); they were not different by gender but 
tend ed to be higher in participants receiving insulin (10.9 ± 3 
vs. 9.9 ± 3;  P  = 0.07). There was a trend to differences by 
ethnicity: 10.0 ± 2.1 for Blacks, 10.5 ± 2.7 for Hispanics, and 
9.5 ± 2.4 for others (mostly Whites) (ANOVA  P  = 0.09). 

 Cases and controls received similar treatment for 
diabetes except for the use of metformin 

 Participants were on different regimens for the treat-
ment of their DM. A small number of participants were 
only on diet treatment at the time of the study (10 cases 

 TABLE 1. Baseline characteristics 

Controls (n = 80) Cases (n = 84)  P 

Age (years) 61.1 ± 8.9 61.4 ± 7.4 n.s.
Duration of DM (years) 9.1 ± 7.2 8.5 ± 7.5 n.s.
HbA1c (%) 9.8 ± 2.2 10.4 ± 2.9 n.s.
BMI (kg/m 2 ) 31.4 ± 5.6 30.2 ± 5.3 n.s.
Waist-hip ratio 0.98± .09 0.99 ±.07 n.s.
Females n (%) 40 (50%) 26 (31%) 0.01
Ethnicity n (%)
 Hispanics 54 (68%) 44 (52%) 0.05
 African American 9 (11%) 6 (7%) n.s.
 White + other 17 (21%) 34 (41%) 0.01

n.s, nonsignifi cant.
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the number of d<1.006 particles in small (CAD+,  � 128 ± 
270; CAD � ,  � 189.3 ± 249), medium (CAD+, 14.9 ± 103; 
CAD � ,  � 4.0 ± 85), and large (CAD+, 29.2 ± 36; CAD � , 
34.2 ± 34) particles did not differ between the CAD+ and 
CAD �  groups. In addition, sizes of LDL (0 h, 20.3 ± 0.8 
nm CAD+ vs. 20.4 ± 0.9 nm CAD � ; 5 h, 20.3 ± 0.8 nm 
CAD+ vs. 20.4 ± 0.9 nm CAD � ; 10 h, 20.4 ± 0.9 nm CAD+ 
vs. 20.5 ± 1 nm CAD � ) and of HDL (0 h, 8.8 ± 0.3 nm 
CAD+ vs. 8.8 ± 0.4 nm CAD � ; 5 h, 8.92 ± 0.3 nm CAD+ vs. 
8.98 ± 0.3 nm CAD � ; 10 h, 8.81 ± 0.3 nm CAD+ vs. 8.89 ± 
0.3 nm CAD � ) did not differ between the two groups at 
any of the PP times. 

 Cases and controls had similar levels of remnant 
lipoproteins during PPL 

 We next looked for differences in PP remnant lipopro-
teins between CAD+ and CAD � . First, we incorporated 
retinol (vitamin A) into the fat load as a means of follow-
ing the removal of intestinal particles, particularly rem-
nant particles, during the PP period ( 24 ,  13 ); There were 
no differences in the levels of RP between CAD+ and 
CAD �  participants (  Fig. 3A  ).  Second, we determined the 
levels of RLP-C as a second measure of remnant lipopro-
teins during PPL, although this measurement includes 
both apoB48 and some apoB100 lipoproteins ( 22 ). Again, 
there were no case-control differences ( Fig. 3B ). 

 There was no association between severity of disease and 
PPL in CAD+ participants 

 We conducted a post hoc analysis of the participants 
who had been enrolled based on the fi nding of >75% 
stenosis in a major coronary artery by angiography. We 
could ascertain the number of vessels affected with >75% 

little during the PP period, and the apoB IAUCs (mg/dl-hr) 
were very similar between CAD �  and CAD+ ( � 13.5 ± 40.4 
vs.  � 17.7 ± 66.8, respectively). 

 The NMR method of Otvos J. et al. ( 20 ) was used to de-
termine the mean size of all d<1.006 particles at those 
same times. As expected, we observed an increase in the 
size of d<1.006 lipoproteins at 5 h after ingestion of the fat 
load, and that increase in size disappeared by the 10 h 
sample in both groups ( Fig. 2C ). However, there were no 
differences in the mean d<1.006 lipoprotein size between 
CAD+ and CAD �  at any time during the PP period (0 h, 
53.5 ± 12.2 nm vs. 52.6 ± 8.1 nm; 5 h, 71.9 ± 9.9 nm vs. 
71.5 ± 9.3 nm; 10 h, 59.6 ± 13.7 nm vs. 59.3 ± 14.2 nm, re-
spectively). Examination of the number of d<1.006 lipo-
proteins during the PP period revealed a decrease in small 
particles over the course of 10 h and modest increases in 
medium and large particle numbers at 5 h that returned 
to baseline by 10 h ( Fig. 2D ). Importantly, the IAUCs for 

 TABLE 2. Fasting lipids and lipoproteins 

Controls (n = 80) Cases (n = 84)  P 

Total C (mg/dl) 188 ± 36 198 ± 400 n.s.
TG (mg/dl) 147 (113–207) 143 (104–225) n.s.
VLDL TG (mg/dl) 89 (60–151) 91 (55–159) n.s.
HDL-C (mg/dl) 35 ± 100 32 ± 9 n.s.
LDL-C (mg/dl) 119 ± 34 127 ± 34 n.s.
ApoA1 (mg/dl) 124 ± 19 120 ± 22 n.s.
ApoB (mg/dl) 108 ± 27 117 ± 27 0.04
ApoB48 (mg/l) 7.6 ± 5 9.0 ± 7 n.s.

Values for total C, HDL-C, LDL-C, ApoA1, ApoB, and ApoB48 are 
expressed as mean ± SD. Values for TG and VLDL TG are expressed as 
median and interquartile range. These measurements were obtained 
on the day of the PP test, one month after discontinuation of any lipid-
altering medications. n.s, nonsignifi cant.

  Fig. 1.  Levels of plasma and d<1.006 TG during the PP period. Percent change from baseline of PPTG (A) and PP d<1.006 lipoprotein 
TG (B) for all participants, and PPTG for men (C) and women (D) over a 10 h period after a high-fat formula feeding. There were no dif-
ferences between the CAD+ and CAD �  groups.   

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


Postprandial lipemia and coronary disease in diabetes 1905

 TABLE 3. IAUC for PPTG and PP d<1.006 TG in cases versus control, adjusting for gender and insulin used 

 n TG IAUC d<1.006 TG IAUC

Control Cases Control Cases  P Control Cases  P 

All subjects 80 84 1450 (908–2230) 1441 (979–2436) n.s. 1209 (716–1884) 1170 (767–1869) n.s.
Men 40 58 1656 (976–2619) 1562 (1057–2501) n.s. 1456 (797–2229) 1328 (790–1953) n.s.
Women 40 26 1223  a   (777–1901) 1126  a   (821–2371) n.s. 968  a   (621–1711) 873  a   (469–1738) n.s.
On insulin No 63 68 1497 (938–2395) 1582 (1034–2575) n.s. 1277 (796–1909) 1379 (819–1994) n.s.

Yes 17 16 1126  b   (631–1829) 1023  b   (885–1586) n.s. 877  b   (396–1577) 789  b   (493–1206) n.s.

  a   Women had lower TG IAUC and d<1.006 IAUC than men ( P  < 0.01).
  b   Insulin use was associated with lower TG IAUC and d<1,006 iAUC ( P  < 0.05).
n.s, nonsignifi cant.

  Fig. 2.  Levels of apoB48, apoB, d<1.006 particle size, and particle concentration during the PP period. Concentrations of apoB48 (A), 
total apoB (B), size of density <1.006 lipoproteins in nm (C), and number of d<1.006 particles in nmol/l across three size ranges (D) at 
baseline, 5 h, and 10 h after ingestion of a high-fat formula feeding. The IAUC for apoB48 was greater in CAD �  than in CAD+ ( P  < 0.02). 
There were no differences between the CAD+ and CAD �  groups for the other variables.   

stenosis in 42 of the participants who had CAD+ by angiog-
raphy; there was no association between the number of 
vessels involved and PPTG levels (  Fig. 4  ).  The same was 
true for d<1.006 TG IAUC (data not shown). 

 There was no difference in PPL between CAD �  
participants who remained free of CAD and those who 
developed CAD during the subsequent 7–10 years 

 Because all of our control participants had been re-
ferred for either coronary angiography or a thallium stress 
test, selection bias may have played a role in our inability 
to differentiate them from our cases in terms of PPL. In an 
effort to better categorize our control population, we col-
lected follow-up data in the CAD �  group between the 
time they were studied (1997–2000) and early 2008. We 
were able to ascertain the present health status of 69 of the 
80 control participants (11 participants were lost to follow-
up), with a mean follow-up duration of 8.7 years. Thirty-

three of the 69 participants remained free of CAD, defi ned 
as the absence of ECG abnormalities, MI, or PTCA/stent 
during the follow-up. When we compared the original 
PPTG responses in these 33 participants to the original 
PPTG responses in the participants who later converted 
from CAD �  to CAD+, there were no differences between 
the groups (  Fig. 5  ).  We have included the PPTG IAUC for 
the originally defi ned 84 CAD+ participants for compari-
son. There was also no difference in baseline lipids be-
tween CAD �  participants who remained CAD �  and those 
who converted to CAD+. 

 DISCUSSION 

 Although recent studies have provided additional sup-
port for the view that nonfasting or PPTG levels are inde-
pendent risk factors for the development of ASCVD ( 8 ,  9 ), 
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d<1.006 particles are more atherogenic than larger, more 
TG-enriched d<1.006 particles ( 25 – 27 ). Second, fasting 
TG, the commonly used measure in epidemiologic stud-
ies, might not be as useful for risk assessment as PPTG 
levels. Several case-control studies in nondiabetics have 
linked PPTG excursion after a high-fat load to the pres-
ence of ASCVD ( 10 – 12 ), including two studies in which 
PPTG levels were predictive of the presence of CAD ( 13 ) 
or carotid intima medial thickening ( 14 ) even after adjust-
ing for both HDL-C and fasting TG levels. Meyer et al. ( 28 ) 
found differences in Sf>1000 TG and IDL apoB48 PP 
levels in nondiabetic women with CAD versus those with-
out CAD. However, those authors did not observe differ-
ences between the two groups in plasma PPTG or d<1.006 
apoB48 levels. 

 The few reports of PPL in individuals with DM have pro-
vided varied results ( 15 – 17 ,  29 ). Syvanne et al. ( 15 ) stud-
ied 30 participants with and 30 participants without CAD; 
one-half of each group had DM. In that study, which had a 
younger population than our study (54.3 vs. 61.4 years), 
the investigators did not fi nd differences in PPTG between 
DM patients with and without CAD. In a second study from 
the same group, 43 participants with DM were studied, 
and the lack of differences between the groups with severe 
CAD (>75% stenosis) and mild CAD (<50% stenosis) in 
the excursions of plasma TG, apoB48, or apoB100, in large 
or small VLDL, or in IDL during the several hours after a 
fat load, was confi rmed ( 16 ). Furthermore, in a subset of 
these participants, Mero et al. ( 16 ) also found no signifi -
cant associations between CAD severity (determined by 
angiography) and PP excursions of either apoB48 or 
apoB100 in the d<1.006 range of lipoproteins. However, 
they did observe a positive association between CAD sever-
ity and the PP excursions of TG, apoB48, and apoB100 in 
IDL. In our study, we also did not fi nd any associations 
between severity of disease and either PPTG or d<1.006 
TG levels. In addition, the IAUC for plasma apoB48 was 
actually greater in the CAD �  group, while the IAUC for 
total apoB was not different between the CAD+ and CAD �  
groups in our study. Although we did not study IDL di-
rectly, we found no case-control difference in either the 
mean size of d<1.006 lipoproteins or the excursions of 
large, medium, or small d<1.006 particles during the PP 
period. Furthermore, levels of RP and RLP-C, two accepted 
measures of remnant lipoproteins, did not differ between 
the CAD+ and CAD �  groups. 

 Recently, Carstensen et al. ( 17 ) examined DM males 
and found that individuals with a prior MI (N = 17) had 
greater PPTG-rich lipoprotein responses than those with-
out (N = 15). A signifi cant difference between that study 
and our study was a difference in fasting TG level between 
their cases and controls. Their cases had a fasting TG that 
was about 30% greater than the level in their control 
group; in fact, the TG concentration in their control group 
was similar to that in both the cases and controls in our 
study. Because fasting TG is the major determinant of 
PPTG levels ( 30 ,  31 ), the differences in fasting TG levels 
between cases and controls in the study by Carstensen et 
al. ( 17 ) could explain the differences in PPTG excursions 

there remains uncertainty regarding the importance of 
TG as a risk factor. This diffi culty could derive from several 
factors. First, plasma TG levels might only be a weak sur-
rogate for the number of atherogenic d<1.006 particles in 
the circulation; these lipoproteins vary greatly in size and 
composition, and so two individuals with the same fasting 
TG concentration might differ signifi cantly in the number 
of circulating d<1.006 particles. Differences in the size and 
number of d<1.006 particles in the circulation could be 
critical, as it is likely that smaller, cholesteryl ester-enriched 

  Fig. 3.  Levels of remnant lipoproteins during the PP period. PP 
RP concentrations (A) and changes from baseline of PP RLP-C 
concentrations (B) during 10 h after a high-fat formula feeding. 
There were no differences between CAD+ and CAD �  groups.   

  Fig. 4.  Association between severity of CAD and PPTG. Subgroup 
analysis in 42 participants enrolled as CAD+ based on coronary an-
giographic fi ndings of at least one vessel with >75% stenosis. We 
found no association between the number of vessels with >75% 
stenosis and TG IAUC.   
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 A difference may be found to be statistically nonsignifi -
cant for one or both of two reasons: the true difference 
may be too small to be of biological or practical interest, or 
the study may have been inadequately powered to detect a 
meaningful difference. To assess the latter, we carried out 
a post hoc power analysis by constructing confi dence lim-
its on case-control differences (  Table 4  ).  The results indi-
cate that we can confi dently rule out even fairly small 
(20–30%) differences between CAD+ and CAD �  groups. 
Importantly, because the upper limit of confi dence for the 
difference in apoB48 IAUCs between CAD+ and CAD �  is 
less than zero, we can rule out any greater PP increase in 
apoB48 in the CAD+ group. 

 We realize that potential shortcomings in our recruit-
ment strategy may have introduced a bias against fi nding 
differences between cases and controls. For example, 
all of the CAD �  individuals had been referred for diag-
nostic tests to determine whether they had clinically 
signifi cant CAD. Thus, our “non-CAD” population was 
deemed to be at high risk for CVD by their physicians, 
possibly at a risk that was very close to that of our CAD+ 
population. However, we were able to follow-up on the 
present health status of a large percentage of our control 
group, and those CAD �  participants remaining free of 
disease 8.7 years after the study ended had the same 
PP IAUCs as control participants who had their fi rst clini-
cal CAD event during that same follow-up period. If we 
use the 33 participants who remained free of CAD for 
7–10 years after they participated in our study as “true 
controls,” they have the same PPTG IAUC as our original 
CAD+ group ( Fig. 5 ). 

 Our participants had relatively high levels of HbA1c, in-
dicating poor control of their DM. Although there was a 
positive correlation between baseline HbA1c and PPTG 
area, this did not affect the lack of association between 
PPTG area and case-control status. HbA1c levels were con-
siderably lower in the three prior published studies that 
examined the association of PPL and case-control status in 
DM ( 15 – 17 ). However, two of those studies ( 15 ,  16 ) found 
essentially the same results that we are reporting. 

 Our study supports and extends the results from earlier 
studies that did not fi nd utility in the use of PPL markers 
to predict the presence of CAD in patients with DM. Thus, 
unlike the situation in people without DM, where mea-
sures of PPL may be useful in identifying individuals at 
high risk for the presence of ASCVD ( 13 ,  14 ), PPL is not 
useful as a predictor of the presence of CAD in people 

they observed. Other differences between their study and 
ours include a longer duration of diabetes and higher 
HbA1c levels in our patients. It should be noted, however, 
that fasting TG levels are similar in diabetics with or with-
out CAD ( 32 ). In our study, as expected, fasting TG pre-
dicted PPTG IAUC in both the CAD+ and CAD �  groups, 
but there was no difference in that relationship between 
the two groups (data not shown). 

 Because abnormal PPL is common in DM, we hypothe-
sized that more subtle differences, such as size of TG-rich 
lipoproteins during the several hours after ingestion of a 
fat load, might be a better discriminator of case-control 
status. Several large cohort studies have indicated that 
abnormalities in the distribution of fasting TG-rich lipo-
proteins ( 13 ) and C-enriched LDL particles ( 33 – 35 ) are 
associated with ASCVD, although the independent predic-
tive power of lipoprotein subclasses remains in doubt 
( 36 – 38 ). Lipoprotein size was not measured in the previ-
ous studies of PPTG in patients with DM ( 15 – 17 ). We used 
NMR ( 20 ) to assess the effects of a fat load on the size and 
number of d<1.006 lipoproteins in our cases and controls. 
Suter et al. ( 39 ) demonstrated increases in d<1.006 parti-
cle size after fat loads in healthy participants on Orlistat or 
placebo that were similar to the changes we have observed. 
There have been no prior studies of NMR-measured 
changes in lipoprotein size or number during the PP pe-
riod in diabetics with or without CAD. The NMR results, 
together with the other several parameters we measured, 
do not support our initial hypothesis about qualitative dif-
ferences in PP d<1.006 lipoproteins in DM participants 
with CAD. Our data, which demonstrate a greater rise in 
apoB48 lipoproteins during the fi rst 5 h of the PP period 
in the CAD �  group while the increase in TG levels during 
the same time period was essentially identical in both 
groups, suggest that the CAD �  group actually had smaller 
particles. Overall, we have no evidence to support our 
main hypothesis that CAD+ would have more small d<1.006 
lipoproteins during PPL. 

  Fig. 5.  PPTG in control participants followed for 7–10 years. Sub-
group analysis comparing 33 original CAD �  participants who con-
tinued to be free of clinical CAD 7-10 years after their original 
high-fat formula feeding test with 36 original CAD �  participants 
who converted to CAD+ over that period. There were no differ-
ences in TG IAUC between those two groups. Additionally, TG 
IAUC in the original CAD+ group did not differ from the TG 
IAUCs in either of the other two subgroups.   

 TABLE 4. Confi dence limits on case-control differences in IAUCs 

CAD � CAD+

Lower 
Confi dence Limit 

on Difference

Upper 
Confi dence Limit 

on Difference

log TG 7.22 7.31  � 0.11 0.30
log d<1.006 TG 7.03 7.09  � 0.18 0.29
ApoB100  � 13.5  � 17.7  � 21 13
ApoB48 55.4 41.3  � 25  � 3
d<1.006 particle size 110 106  � 23 14
log RP 3.00 3.06  � 0.14 0.27
RLP-C 99.6 96.4  � 27.2 20.8
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with DM. The reason for the difference between studies of 
nondiabetics and studies of diabetics relative to PPL as a 
predictor of CAD status may derive from the fact that dys-
lipidemia is a central component of the insulin resistance 
that is characteristic of DM. Our results do not, in any 
manner, diminish the very convincing compilation of data 
indicating that PPL is an atherogenic state, nor do our re-
sults indicate that our CAD �  group was free of atheroscle-
rosis at the time of the study. Indeed, almost one-half of 
our CAD �  group converted to CAD+ during a 7–10 year 
follow-up period. However, PPL was not different between 
the group that had an event and the group that remained 
CAD �  throughout the long follow-up period. Thus, our 
results do indicate that specifi cally testing for PPL will not 
provide valuable information regarding whether someone 
with DM has or does not have CAD.  
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