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OBJECTIVE —Intensive glucose-lowering therapy (INT) did not reduce macrovascular events
in the recent randomized trials, possibly because it did not improve or worsen other traditional or
novel cardiovascular risk factors.

RESEARCH DESIGN AND METHODS —Standard plasma lipids, cholesterol content of
lipoprotein subfractions, and plasma inflammatory and prothrombotic markers were deter-
mined in a subgroup of the Veterans Affairs Diabetes Trial (VADT) participants (n = 266) at
baseline and after 9 months of INT or standard therapy.

RESULTS—INT lowered glycated hemoglobin (by a median of 2% vs. a median of 0.7% by
standard treatment; P < 0.0001); increased BMI (4 vs. 1%; P < 0.001), total HDL (9 vs. 4%; P <
0.05),HDL2 (14 vs. 0%; P=0.009), LDL2 (36 vs. 1%; P < 0.0001), and plasma adiponectin (130
vs. 80%; P < 0.01); and reduced triglycerides (—13 vs. —4%; P = 0.02) and small, dense LDL4
(=39 vs. —=13%; P < 0.001), but had no effect on levels of plasma apolipoproteins B-100 and
B-48, C-reactive protein, interleukin-6, lipoprotein-associated phospholipase A2, myeloperox-
idase, fibrinogen, and plasminogen activator inhibitor 1. Incident macrovascular events were
associated with baseline interleukin-6 (hazard ratio per each quartile increase 1.33 [95% CI
1.06-1.66]), total LDL (1.25 [1.01-1.55]), apolipoprotein B-100 (1.29 [1.01-1.65]), and fibrin-
ogen (1.26 [1.01-1.57]) but not changes in any cardiovascular risk factors at 9 months.

CONCLUSIONS —INT was associated with improved adiponectin, lipid levels, and a favor-
able shift in LDL and HDL subfractions after 9 months. These data suggest that the failure of INT
to lower cardiovascular outcomes occurred despite generally favorable changes in standard and
novel risk factors early in the study.
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dense lipoprotein particles, elevated

levels of prothrombotic factors, and
chronic low-grade inflammation are as-
sociated with insulin resistance and hy-
perglycemia and may contribute to
increased risk of atherosclerosis and
clinical macrovascular events (1-8). In

Increased concentrations of small,

several recent large randomized trials, in-
tensive glucose-lowering therapy (INT)
did not significantly decrease cardiovas-
cular outcomes in type 2 diabetes, sug-
gesting that targeting glycemic control
alone is insufficient (9-11). One possible
explanation is that intensive glucose low-
ering did not improve, or perhaps
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worsened, other relevant cardiovascular
risk factors (10,12).

This study evaluated the effect of
intensive glucose lowering on lipoprotein
classes and subclasses, apolipoproteins
B-100 and B-48, and concentrations of
inflammatory and prothrombotic mark-
ers in the Risk Factors, Atherosclerosis
and Clinical Events in Diabetes (RACED)
substudy of the Veterans Affairs Diabetes
Trial (VADT) (13). The VADT was a ran-
domized trial comparing the effects of in-
tensive and standard glucose lowering on
new clinical macrovascular events in
1,791 military veterans who had a subop-
timal response to therapy for type 2 dia-
betes (10). A 9-month follow-up interval
was chosen for collection of blood for
analysis of novel risk factors. This allowed
us to capture changes in risk factors after
glycemic control had stabilized (approxi-
mately 6 months into the VADT) and pro-
vided the opportunity to assess the
prospective association between changes
in traditional and novel cardiovascular
risk factors and subsequent cardiovascu-
lar events (10).

RESEARCH DESIGN AND

METHODS —A detailed description of
the VADT and RACED substudy designs
with inclusion and exclusion criteria has
been published previously (10,13).
Briefly, the primary treatment goal of the
VADT was to achieve a 1.5% difference in
glycated hemoglobin (HbA;.) between
those randomized to INT versus standard
therapy while achieving optimal levels of
other conventional cardiovascular risk
factors. Both study groups were started
on two oral agents: metformin plus rosigli-
tazone (if BMI =27 kg/m?) or glimepiride
plus rosiglitazone (if BMI <27 kg/m?).
Patients in the INT group were started on
maximum medication doses, and those in
the standard group were started on half
maximum doses; the dose was titrated in
both groups as needed to attain glycemic
goals. Insulin was added for patients in
the INT group who did not achieve an
HbA; . level of <6% and for those in the
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standard therapy group with a level of
<9%. The primary VADT outcome was
the time to the first occurrence of any
one of a composite of macrovascular
events, including myocardial infarction
or stroke; death from cardiovascular cau-
ses; new or worsening congestive heart
failure; surgical intervention for cardiac,
cerebrovascular, or peripheral vascular
disease; inoperable coronary artery dis-
ease; and amputation for ischemic gan-
grene. The RACED study included 324
patients with type 2 diabetes who were
participating at seven VADT study sites.
The RACED study was approved by the
institutional review boards at these sites,
and all participants gave written informed
consent. The current analysis includes
266 RACED participants who had avail-
able measurement of plasma lipid sub-
classes and/or other novel risk markers
at baseline and ~9 months after random-
ization.

Cholesterol within individual lipo-
protein subfractions was quantified using
the vertical autoprofile Il technique
(Atherotech, Inc., Birmingham, AL), as
previously described (14,15). Briefly, li-
poprotein classes [HDL, LDL, lipoprotein
(a), IDL, and VLDL]; LDL subclasses
(LDL1-4, with LDL1 being most buoyant
and LDL4 most dense); and HDL sub-
classes (HDL2 and HDL3, with HDL2 be-
ing more buoyant) were separated by a
single vertical spin density gradient ultra-
centrifugation at 416,000¢g for 36 min.
After separation, lipoprotein classes and
subclasses were collected continuously
from the bottom of the centrifuge tube
into the flow analyzer, where they react
sequentially with a cholesterol-specific
enzymatic reagent, producing a choles-
terol concentration-dependent lipopro-
tein absorbance curve monitored by a
spectrophotometer. The absorbance
curve was further deconvoluted to pro-
vide cholesterol concentrations of lipo-
protein classes and subclasses. The
vertical autoprofile Il method also defines
the LDL density pattern based on the
LDL maximum time, that is, the relative
position of the LDL peak in the density
gradient on a scale of 0-200 s, with
0 corresponding to the beginning of the
HDL peak maximum and 200 corre-
sponding to the VLDL peak maximum.
Pattern A (predominantly large and
buoyant LDL subclass) is defined
by an LDL cholesterol peak occurring
after 118 s, pattern B (predominantly
small and dense LDL) is defined by
an LDL cholesterol peak occurring before

or at 115 s, and intermediate pattern
(A/B) is defined by an LDL cholesterol
peak occurring after 115 and before or
at 118 s.

Commercial ELISA kits were used
to measure serum concentrations of C-
reactive protein (CRP; a Diagnostic Interna-
tional, San Antonio, TX) and interleukin-6
(IL-6; R&D systems, Minneapolis, MN).
Serum adiponectin concentration was
measured with a radioimmunoassay kit
from Linco Research (St. Charles, MO).
Lipoprotein-associated phospholipase A2
(LpPLA2) concentration was measured
by a microplate-based ELISA (PLAC test,
diaDexus, South San Francisco, CA). A
high-sensitivity sandwich ELISA was
used to measure serum myeloperoxidase
(MPO) levels (PrognostiX, Cleveland,
OH). Fibrinogen and plasminogen
activator inhibitor 1 (PAI-1) concentra-
tions were measured by established au-
tomated methods at the clinical
laboratory at Tufts University (Boston,
MA). Serum apolipoprotein (Apo)
B-100 and ApoB-48 concentrations
were measured by an established
two-step sandwich chemiluminescent
immunoassay using antibodies against
the N-terminal of ApoB-100 and
COOH-terminal of ApoB-48 (16) in a
subset of 221 participants.

Statistical analyses were performed
using software from the SAS Institute
(version 9.2; Cary, NC). Wilcoxon
signed rank test was used to determine
differences from baseline within each
group. A Kruskal-Wallis test was used
for the comparisons between the two
groups, and x* and McNemmar tests
were used for between- and within-
group comparisons of category out-
comes, respectively. Relationships
between continuous variables were
tested by partial Spearman correlation
controlling for group assignment. Gen-
eral linear regression analysis, adjusted
for group assignment, was used to iden-
tify potential effects of glucose-lowering
drugs and other potential confounders
on study outcomes. Cox proportional
hazard risk analysis was used to deter-
mine the association between traditional
and novel cardiovascular risk factors and
development of macrovascular events
occurring over the duration of the
VADT. When examining the effect of
9-month change in risk factors, macro-
vascular events occurring before the
blood was drawn at ~9 months were
censored. P values <0.05 were consid-
ered statistically significant.

Koska and Associates
RESULTS

Baseline characteristics

There were no significant differences be-
tween the groups in baseline age (stan-
dard therapy vs. INT: median 61 vs. 60
years), race (71 vs. 65% white), sex (95 vs.
93% men), diabetes duration (median 10
years [for both]), and history of cardio-
vascular event (38 vs. 36%). Baseline
metabolic characteristics and prothrom-
botic and inflammatory markers were
similar within treatment groups, except
for slightly higher levels of HDL and
HDL3 cholesterol and lower IL-6 and
PAI-1 with INT (Table 1).

Changes in medication use and
concentrations of risk factors in
blood after 9 months

After 9 months in the VADT, the INT
group showed greater use of insulin,
while both groups had higher use (but
not statistically different rates between
groups) of rosiglitazone and statins (Sup-
plementary Table 1). Greater reductions
in HbA,. and fasting plasma glucose lev-
els occurred with INT by design and were
consistent with changes reported in the
overall VADT population (Fig. 1A). In-
creases in BMI and HDL and reductions
in triglyceride concentrations were
greater with INT (Fig. 1A). There was a
trend for greater reductions in ApoB-100
concentrations in the INT group (P=0.06
vs. standard therapy; Fig. 1A).

The increases in larger LDL2 and
HDL2 and the decreases in smaller
LDL4 were greater with INT, whereas
the standard group showed a significant
increase in the largest LDL1 (Fig. 1B). The
prevalence of LDL pattern B (character-
ized by a predominance of small, dense
LDL) decreased in both groups, with a
trend for greater declines with INT
(from 88 to 64% INT, P < 0.0001; from
84 to 74% standard therapy, P = 0.002;
P =0.06, intensive vs. standard). The INT
group also showed a smaller rise in VLDL,
while IDL increased similarly in both
groups and lipoprotein(a) trended higher
in the INT group (P = 0.16 vs. standard)
(Fig. 1B).

Plasma CRP and fibrinogen con-
centrations were reduced, and plasma
concentrations of MPO, PAI-1, and
adiponectin were increased in both
groups (Fig. 1C). The standard group
showed a significant increase in
LpPLA2 levels (Fig. 1C). Adiponectin
concentrations increased more with
INT (Fig. 10).
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Table 1—Metabolic characteristics and inflammatory markers at baseline by treatment

group

Standard therapy INT P value
BMI (kg/m®) 32 (28-35) 31 29-35) 0.7
HbA, . (%) 9.0 (8.2-10.2) 8.8 (8.1-10) 0.5
HbA ;. (mmol/mol) 75 (66-88) 73 (65-86)
Fasting glucose (mg/dL) 200 (149-248) 185 (148-241) 0.4
Triglycerides (mg/dL) 182 (115-275) 151 (115-212) 0.3
ApoB-48 (mg/dL) 0.56 (0.29-0.91) 0.49 (0.31-0.86) 0.6
ApoB-100 (mg/dL) 126 (97-158) 131 (99-171) 0.4
Total cholesterol (mg/dL) 170 (151-191) 174 (154-198) 0.2
VLDL cholesterol (mg/dL) 24 (19-29) 22 (19-27) 0.3
IDL cholesterol (mg/dL) 11 (6-14) 9 (5-16) 0.3
Lipoprotein(a) cholesterol (mg/dL) 5 (4-9) 6 (4-9) 1.0
LDL cholesterol (mg/dL) 104 (93-124) 108 (93-131) 0.3
LDL1 (mg/dL) 15 (12-17) 15 (12-18) 0.3
LDL2 (mg/dL) 9 (5-15) 9 (6-14) 0.9
LDL3 (mg/dL) 39 (27-50) 43 (31-54) 0.06
LDL4 (mg/dL) 23 (12-32) 20 (14-29) 0.8
HDL cholesterol (mg/dL) 38 (32-44) 41 (35-46) 0.04
HDL2 (mg/dL) 7 (5-9) 7 (6-10) 0.4
HDL3 (mg/dL) 31 (27-36) 34 (29-38) 0.02
CRP (mg/L) 3.1(1.6-6.3) 3.1(1.3-6.7) 0.8
IL-6 (pg/mL) 33@2.2-5.1) 2.8(2.0-4.2) 0.02
LpPLA2 (ng/mL) 294 (238-350) 292 (241-351) 1.0
MPO (pmol/L) 657 (359-1,631) 824 (412-1,934) 0.2
Adiponectin (mg/L) 5.0 (2.9-8.2) 5.1 (3.4-8.4) 0.3
PAI-1 (units/mL) 40 27-69) 32 (19-53) 0.04
Fibrinogen (mg/dL) 356 (305-398) 349 (296-398) 0.3

Data are presented as medians (25th—75th percentiles). Lp, lipoprotein.

Relationships of changes in novel
cardiovascular risk factors with changes
in traditional risk factors and

with rosiglitazone dosage

Among the whole group, after controlling
for group assignment, increases in LDL2
and reductions in LDL4 correlated with
reductions in HbA; . and triglycerides and
with increases in total, LDL, and HDL
cholesterol (Table 2). Increases in adipo-
nectin concentrations correlated with re-
ductions in triglycerides and increases in
total and HDL cholesterol (Table 2). In
multivariate analyses, changes in LDL2
and LDL4 levels were significantly associ-
ated with changes in HbA; . (B coefficient
—4.7 [standard error 1.6] and 0.5 [0.2],
respectively) even after adjustment for
changes in triglycerides, HDL, and group
assignment.

Significant changes in LDL2, LDL4,
and adiponectin with INT persisted after
accounting for the use of glucose-lowering
medications (data not shown), but they
were significantly associated with rosi-
glitazone use in a dose-dependent man-
ner (Fig. 2) even after adjustment for

changes in HbA;., triglycerides, or
HDL. There were significant correlations
(controlled for group assignment) be-
tween changes in adiponectin and
changes in both LDL2 (r = 0.24, P =
0.0001) and LDL4 (r = —0.25, P <
0.0001). Changes in both LDL2 and
LDL4 were not associated with rosiglita-
zone dose after adjustment for changes
in adiponectin (P = 0.07 and P = 0.15,
respectively).

Association between risk factors and
cardiovascular events in the VADT
Over the median 5 years of VADT follow-
up, 76 participants from this cohort
developed a new macrovascular event
(after a median 2.4 years of follow-up
[range 0.1-5.8 years]). The risk of devel-
oping the events was associated with
higher baseline concentrations of total
LDL, ApoB-100, IL-6, and fibrinogen
(Table 3). No changes in traditional or
novel cardiovascular risk factors during
the first 9 months were associated
with subsequent macrovascular events
(Table 3).

CONCLUSIONS—In this study, as-
signment to INT led to a shift toward a
less atherogenic lipid profile with in-
creased HDL cholesterol; decreased tri-
glyceride and ApoB-100 concentrations;
larger, more buoyant LDL and HDL par-
ticles; and a greater increase in plasma
adiponectin concentrations. On the other
hand, compared with standard therapy,
INT did not improve plasma concentra-
tions of several inflammatory and pro-
thrombotic markers previously shown to
predict progression of atherosclerosis,
occurrence of cardiovascular events, or
both (2-4,6,7).

Increased prevalence of small, dense
LDL particles seems to be related to poor
glycemic control in type 2 diabetes (17).
Previous studies also have shown an in-
crease in LDL particle size after treatment
with certain categories of diabetes medi-
cations (18-24). However, this is the first
large, randomized study to examine the
effect of intensive glucose lowering on li-
poprotein particle profiles as well as other
novel risk factors. We found a significant
reduction of the smallest and perhaps
most atherogenic LDL4 particles. In-
creased atherogenic potential has been as-
cribed to these particle because they seem
to have reduced affinity to LDL receptors,
increased propensity for transport into
the vascular wall, increased binding to ar-
terial wall proteoglycans, and augmented
susceptibility to oxidative modifications
(25). The reduction in LDL4 was accom-
panied by increases in larger, more buoy-
ant LDL2 particles, so total plasma LDL
cholesterol remained unchanged. The re-
ciprocal change in LDL2 and LDL4 is in
agreement with the concept of a shared
but inversely related pathway for LDL2
and LDL4 production (26). The signifi-
cant association of changes in LDL2 and
LDL4 with change in triglyceride levels
supports the concept that triglyceride me-
tabolism is a key determinant of LDL sub-
class distribution (19,23). In fact, the
strength of small, dense LDL as a predic-
tor of cardiovascular outcomes in many
clinical trials has been substantially
diminished after taking into account tra-
ditional lipid categories, including trigly-
cerides (6,7,23). In type 2 diabetes,
cholesteryl esters seem to be preferentially
transferred from HDL to small, dense LDL
by the action of cholesteryl ester transfer
protein (27). The correlation between de-
clines in LDL4 cholesterol and increases
in HDL cholesterol found in our study
may indicate specific attenuation of cho-
lesteryl ester transfer protein—mediated
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Figure 1—Changes in BMI, glycated hemoglobin (HbA,;.), fasting plasma glucose (FPG), tra-
ditional plasma lipid categories (triglycerides [TG] and total cholesterol [TC]), apolipoproteins
(Apo) B-100 and B-48 (A); lipid subclasses (B); and inflammatory and prothrombotic markers
(C) after 9 months of standard ([1) or intensive (N) glucose-lowering therapy. Box plots in-
dicate (top to bottom) 95th, 75th, 50th, 25th, and 5th percentiles. *P << 0.05, 9 months vs.
baseline; TP < 0.05, intensive vs. standard. Lp(a), lipoprotein a; IDL, intermediate-density li-
poprotein; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; MPO, myeloperoxidase;
LpPLA2, lipoprotein-associated phospholipase A2; PAI-1, plasminogen activator inhibitor 1.
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cholesteryl ester transfer from HDL to
small, dense LDL.

Although triglyceride lowering might
have accounted for a substantial portion
of the observed effect of intensive glyce-
mic control, the independent association
of LDL2 and LDL4 changes with changes
in HbA,. suggest a contributory role for
lowering glucose in modulating the LDL
density profile. It is important that
changes in LDL2 and LDL4 were also in-
dependent of the use of specific classes of
glucose-lowering medications, including
insulin or rosiglitazone, that previously
were shown to increase LDL particle size
(18-21,24,28). In contrast with some
previous studies (18,19,24), changes in
LDL subclasses in our cohort were not re-
lated to insulin use. However, this associ-
ation may have been missed because of
the relatively low number of participants
who started insulin therapy after ran-
domization. On the other hand, the
changes in LDL2 and LDL4 were greater
with increasing doses of rosiglitazone. In-
terestingly, the association between rosi-
glitazone use and changes in LDL2 or
LDL4 was not accounted for by changes
in triglyceride or HDL cholesterol levels,
but was attenuated after adjustment for
changes in adiponectin concentrations.
This is in agreement with a recent report
showing that improvement of lipopro-
tein particle composition in patients
with type 2 diabetes who are treated
with pioglitazone was related to changes
in adiponectin levels (29). A potential
role for adiponectin in modulating dis-
tribution of lipoprotein subclasses is
further supported by cross-sectional
studies of population-based cohorts
(30,31) and by studies of individuals
with genetically based adiponectin de-
ficiency (32). Of note, adiponectin has
been shown to accelerate reverse choles-
terol transport and decrease secretion of
triglycerides from hepatic cells in vitro
(33,34).

Both CRP and IL-6 predict athero-
sclerosis and cardiovascular events in
general populations and in patients with
diabetes (3,4). In this study, higher base-
line IL-6 concentrations, but not CRP
concentrations, in plasma were associated
with incident macrovascular events inde-
pendent of subsequent glucose therapy.
Because CRP levels were quite elevated
at baseline in both groups, this may
have limited the ability to detect an asso-
ciation with incident cardiovascular
disease. While both standard therapy
and INT were associated with similar

care.diabetesjournals.org
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Table 2—Spearman correlation (adjusted for treatment assignment) of 9-month percent
changes in LDL and HDL cholesterol subclasses and inflammatory and prothrombotic
markers with 9-month changes in BMI, HbA;, and traditional plasma lipid categories

BMI HbA,, TG TC LDL HDL
LDL1 0.03 0.11 0.19* 0.83* 0.85* 0.14*
LDL2 —0.10 —0.18* —0.28* 0.23% 0.21* 0.38%
LDL3 0.07 0.08 0.04 0.66% 0.72% 0.12
LDL4 0.07 0.25% 0.46* 0.27* 0.29* —0.27*
HDL2 —0.13 0.01 —0.14 0.21% 0.10 0.74%
HDL3 —0.20* —0.01 —0.32* 0.26% 0.15* 0.95%
CRP 0.13 0.07 —0.08 —0.05 0.00 —0.22*
IL-6 0.03 —0.02 —0.15* —0.18* —0.13 —0.20*
LpPLA2 0.10 —0.04 0.21* 0.49* 0.50* 0.01
MPO 0.11 0.03 0.03 0.00 —0.03 0.05
Adiponectin 0.07 —0.13 —0.16* 0.20% 0.12 0.39%
PAI-1 0.15% —0.01 0.17* 0.05 0.04 —0.10
Fibrinogen 0.14 0.11 —0.11 —0.01 0.03 —0.07

TC, total cholesterol; TG, triglycerides. *P < 0.05.

decreases in plasma CRP concentrations,
plasma IL-6 levels remained unchanged
regardless of the treatment assignment.
These findings are consistent with those
reported in individuals with new-onset
type 2 diabetes who received either pla-
cebo or glucose-lowering therapy with in-
sulin, metformin, or both (12). The levels
of the neutrophil activation marker MPO
and the procoagulation factor PAI-1 were
increased significantly after 9 months in
both groups in our study, while the levels
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of LpPLA2, a marker of vascular inflam-
mation, were significantly increased in
the standard group only. The greater in-
crease in adiponectin concentrations and
lower LpPLA2 concentrations may
indicate a modest anti-inflammatory ef-
fect of intensive glycemic control. In a
smaller subgroup of this cohort, we have
previously shown that lower LpPLA2
concentration at baseline predicted less
progression of calcified atherosclerosis
in coronary arteries over an average of

T

Omg 4mg 8mg

LDL4 Adiponectin

Figure 2—Changes in LDL2, LDL4, and adiponectin by rosiglitazone dose and glucose-lowering
therapy assignment (rosiglitazone 0 mg: n=27 [standard] and 25 [intensive]; 4 mg: n=>55 and 5;
8mg:n=>55and 99). Box plots indicate (top to bottom) 95th, 75th, 50th, 25th and 5th percentiles.
*P < 0.05, rosiglitazone dose; TP < 0.05: intensive (N) vs. standard ([1).

4.6 years (35). In contrast, the current
analysis showed no association between
LpPLA2 mass and clinical cardiovascular
events. It has been suggested that with
insulin resistance and diabetes, LpPLA2
mass and activity are more weakly related
than in nondiabetic populations and may
even show a divergent association with
cardiovascular risk (36,37). Therefore, it
remains to be established whether similar
changes in LpPLA2 activity would occur
with glucose lowering.

Despite marked differences in glyce-
mic control, the risk of cardiovascular
events with INT was not significantly re-
duced in the VADT (10), its RACED sub-
set (13), or two other trials of patients
with type 2 diabetes at relatively high
risk for cardiovascular events (i.e., the
ADVANCE [Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron
MR Controlled Evaluation] and ACCORD
[Action to Control Cardiovascular Risk in
Diabetes]| studies) (9,11). Based on the
current data in the RACED subset of the
VADT, it seems likely that INT in these
other studies may also have been associ-
ated with reduced levels of several inflam-
mation-related risk factors and a shift
toward less atherogenic plasma lipids
and lipoprotein particle density profiles.
This makes the failure of INT to reduce
cardiovascular events in these studies
even more surprising.

One may speculate that changes in
these novel risk markers may have been
too modest, or that these novel factors
have a more limited effect on cardiovas-
cular risk in patients with type 2 diabetes
who have advanced atherosclerosis and
are at a high risk for new or recurrent
cardiovascular events (13). This notion
seems to be supported by the presence of
few associations between baseline levels
or 9-month changes of these factors with
subsequent cardiovascular events in our
cohort. Moreover, in a previous study
we showed that, except for LpPLA2
mass, there was no association between
the baseline levels of many of these
inflammation-related factors or tradi-
tional lipid categories and progression
of calcified atherosclerosis (35). It is also
possible that minimal or unfavorable
changes in BMI, MPO, LpPLA2, PAI-1,
or other novel risk factors may counteract
the benefits of intensive glycemic control.
For example, as suggested by the positive
correlation between changes in BMI and
PAI-1, weight gain might have offset fa-
vorable effects of lowering triglycerides
on PAI-1 levels. Similarly, increased
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Table 3—Hazard ratios (95% CIs) for new macrovascular events per each quartile increases
in baseline levels and 9-month change of traditional and novel cardiovascular risk factors

9-month change

Baseline

Events (n) 76

BMI 1.03 (0.84-1.26)
Triglycerides 0.97 (0.79-1.18)
Total cholesterol 1.1 (0.89-1.36)
ApoB-48 1.06 (0.84-1.33)
ApoB-100 1.29 (1.01-1.65)*
LDL cholesterol 1.25(1.01-1.55)*
LDL1 1.22 (0.99-1.51)
LDL2 0.94 (0.76-1.16)
LDL3 1.14 (0.92-1.41)
LDL4 1.03 (0.85-1.26)
HDL cholesterol 0.90 (0.73-1.12)
HDL2 0.89 (0.73-1.09)
HDL3 0.88 (0.71-1.10)
CRP 1.16 (0.94-1.43)
1IL-6 1.33 (1.06-1.66)*
LpPLA2 0.98 (0.79-1.21)
MPO 1.06 (0.86-1.31)
Adiponectin 1.22 (0.99-1.50)
PAI-1 0.86 (0.69-1.08)
Fibrinogen 1.26 (1.01-1.57)*
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1.19 (0.94-1.50)
0.98 (0.78-1.22)
1.01 (0.81-1.27)
0.99 (0.77-1.29)
0.98 (0.75-1.27)

1.0 (0.79-1.26)

1.0 (0.8-1.25)
0.93 (0.73-1.18)
0.93 (0.73-1.18)
0.96 (0.76-1.20)
1.08 (0.86-1.35)
1.26 (1.0-1.59)
0.99 (0.79-1.24)
0.99 (0.79-1.24)
0.93 (0.73-1.17)
1.09 (0.87-1.37)
0.92 (0.74-1.16)
0.98 (0.77-1.23)
1.24 (0.96-1.61)
1.13 (0.90-1.41)

*Values are adjusted for previous event and treatment assignment.

MPO (occurring in both treatment
groups) may have offset elevations in
HDL cholesterol levels by depriving
HDL of its protective action against ath-
erosclerotic plaques (38).

One caveat to this study is that
measurement of changes in novel risk
factors within the first year after random-
ization does not guarantee similar
changes throughout the study. For ex-
ample, by design, initial treatment-
induced differences in triglyceride and
HDL levels disappeared in the full VADT
cohort after the median 5.6 years of
follow-up (10). It is possible that the
convergence of these standard lipid lev-
els between treatment groups also less-
ened differences in novel risk factors over
time. However, as glycemic control re-
mained substantially different between
treatment groups throughout the study
and seemed to have an independent
effect on LDL subclasses and other novel
risk markers, some changes in novel risk
factors caused by INT may have persis-
ted. Moreover, the median time to car-
diovascular event within this cohort was
2.4 years, suggesting that changes in risk
factors measured within the first 9
months would be temporarily relevant
to the development of subsequent car-
diovascular events in our cohort. In
addition, it seems improbable that the

novel risk factors might have worsened
in the INT group in the relatively short
time interval between the 9-month time
point and incident cardiovascular events.
A second potential study limitation is
that although we measured changes in
many of the best-documented novel
risk markers, there are undoubtedly
other less well-recognized or yet uniden-
tified novel factors that could be relevant
to these results. If these unmeasured fac-
tors were not improved or were possibly
worsened by INT, they could conceiv-
ably counteract the many observed ben-
efits of intensive glycemic control.

In conclusion, the failure of INT to
lower cardiovascular outcomes does not
seem to be explained by the worsening of
lipid subfractions and inflammation- or
thrombosis-related cardiovascular risk
factors. On the contrary, most of these
risk factors showed more favorable early
changes with intensive glucose control.
These results make the failure of INT to
decrease cardiovascular events in the
VADT even more perplexing.

Acknowledgments—Financial support for
this work was provided by the Cooperative
Studies Program, Department of Veterans Af-
fairs Office of Research and Development,
National Institutes of Health (grant nos.

Koska and Associates

RO1-067690 and RO1-HL-094775-02) and
the American Diabetes Association.

No potential conflicts of interest relevant to
this article were reported.

J.K. researched data, contributed to discus-
sion, and wrote the manuscript. A.S. researched
data and contributed to data interpretation.
G.B. contributed to data analysis and edited
the manuscript. S.Y. contributed to analysis
and interpretation of data. P.D.R. designed
the study, obtained funding, contributed to
discussion, and reviewed and edited the
manuscript. J.K. is the guarantor of this work
and, as such, had full access to all the data in
the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data
analysis.

Parts of this study were presented in abstract
form at the 70th Scientific Sessions of the
American Diabetes Association, Orlando,
Florida, 15-19 June 2010, and at the 72nd
Scientific Sessions of the American Diabetes
Association, Philadelphia, Pennsylvania, 8-12
June 2012.

References

1. El Harchaoui K, Arsenault BJ, Franssen R,
et al. High-density lipoprotein particle
size and concentration and coronary risk.
Ann Intern Med 2009;150:84-93

2. Lamarche B, Tchernof A, Moorjani S, et al.
Small, dense low-density lipoprotein par-
ticles as a predictor of the risk of ischemic
heart disease in men. Prospective results
from the Québec Cardiovascular Study.
Circulation 1997;95:69-75

3. Danesh J, Kaptoge S, Mann AG, et al.
Long-term interleukin-6 levels and sub-
sequent risk of coronary heart disease: two
new prospective studies and a systematic
review. PLoS Med 2008:5:¢78

4. Soinio M, Marniemi J, Laakso M, Lehto S,
Ronnemaa T. High-sensitivity C-reactive
protein and coronary heart disease mor-
tality in patients with type 2 diabetes:
a 7-year follow-up study. Diabetes Care
2006;29:329-333

5. Folsom AR, Aleksic N, Park E, Salomaa V,
Juneja H, Wu KK. Prospective study of
fibrinolytic factors and incident coronary
heart disease: the Atherosclerosis Risk in
Communities (ARIC) Study. Arterioscler
Thromb Vasc Biol 2001;21:611-617

6. Gardner CD, Fortmann SP, Krauss RM.
Association of small low-density lipopro-
tein particles with the incidence of coro-
nary artery disease in men and women.
JAMA 1996;276:875-881

7. Stampfer MJ, Krauss RM, Ma J, et al. A
prospective study of triglyceride level,
low-density lipoprotein particle diameter,
and risk of myocardial infarction. JAMA
1996;276:882-888

8. Thompson A, Gao P, Orfei L, et al; Lp-PLA
(2) Studies Collaboration. Lipoprotein-
associated phospholipase A(2) and risk
of coronary disease, stroke, and mortality:

care.diabetesjournals.org

DiaBeTES CARE, VOLUME 36, AuGust 2013 2413



L _____________________________________________________________________________________________|
Lipid profile and inflammation in the VADT

10.

11.

12.

13.

14.

15.

16.

17.

18.

collaborative analysis of 32 prospective
studies. Lancet 2010;375:1536—-1544

. Gerstein HC, Miller ME, Byington RP,

et al; Action to Control Cardiovascular
Risk in Diabetes Study Group. Effects of
intensive glucose lowering in type 2 di-
abetes. N Engl J Med 2008;358:2545—
2559

Duckworth W, Abraira C, Moritz T, et al;
VADT Investigators. Glucose control and
vascular complications in veterans with
type 2 diabetes. N Engl ] Med 2009;360:
129-139

Patel A, MacMahon S, Chalmers J, et al;
ADVANCE Collaborative Group. Intensive
blood glucose control and vascular out-
comes in patients with type 2 diabetes.
N Engl ] Med 2008;358:2560-2572
Pradhan AD, Everett BM, Cook NR, Rifai
N, Ridker PM. Effects of initiating insulin
and metformin on glycemic control and
inflammatory biomarkers among patients
with type 2 diabetes: the LANCET ran-
domized trial. JAMA 2009;302:1186-
1194

Reaven PD, Moritz TE, Schwenke DC,
et al; Veterans Affairs Diabetes Trial. In-
tensive glucose-lowering therapy reduces
cardiovascular disease events in veterans
affairs diabetes trial participants with
lower calcified coronary atherosclerosis.
Diabetes 2009;58:2642-2648

Kulkarni KR, Garber DW, Marcovina SM,
Segrest JP. Quantification of cholesterol in
all lipoprotein classes by the VAP-II
method. J Lipid Res 1994;35:159-168
Marso SP, Mehta SK, Frutkin A, House JA,
McCrary JR, Kulkarni KR. Low adipo-
nectin levels are associated with athero-
genic dyslipidemia and lipid-rich plaque
in nondiabetic coronary arteries. Diabetes
Care 2008:;31:989-994

Hanada H, Mugii S, Okubo M, et al.
Establishment of chemiluminescence
enzyme immunoassay for apolipoprotein
B-48 and its clinical applications for
evaluation of impaired chylomicron rem-
nant metabolism. Clin Chim Acta 2012;
413:160-165

Garvey WT, Kwon S, Zheng D, et al. Ef-
fects of insulin resistance and type 2 di-
abetes on lipoprotein subclass particle size
and concentration determined by nuclear
magnetic resonance. Diabetes 2003;52:
453-462

Wiagner AM, Jorba O, Rigla M, et al.
Effect of improving glycemic control
on low-density lipoprotein particle size

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

in type 2 diabetes. Metabolism 2003;52:
1576-1578

Rivellese AA, Patti L, Romano G, et al.
Effect of insulin and sulfonylurea therapy,
at the same level of blood glucose control,
on low density lipoprotein subfractions in
type 2 diabetic patients. J Clin Endocrinol
Metab 2000;85:4188-4192

Deeg MA, Buse JB, Goldberg RB, et al;
GLAI Study Investigators. Pioglitazone
and rosiglitazone have different effects on
serum lipoprotein particle concentrations
and sizes in patients with type 2 diabetes
and dyslipidemia. Diabetes Care 2007;30:
2458-2464

Rizzo M, Vekic J, Koulouris S, et al. Effects
of rosiglitazone on fasting and postprandial
low- and high-density lipoproteins size and
subclasses in type 2 diabetes. Angiology
2010;61:584-590

Chu NV, Kong APS, Kim DD, et al. Dif-
ferential effects of metformin and trogli-
tazone on cardiovascular risk factors in
patients with type 2 diabetes. Diabetes
Care 2002;25:542-549

Mikhailidis DP, Elisaf M, Rizzo M, et al.
“European panel on low density lipopro-
tein (LDL) subclasses”™ a statement on the
pathophysiology, atherogenicity and clini-
cal significance of LDL subclasses: execu-
tive summary. Curr Vasc Pharmacol 2011;
9:531-532

Taskinen MR, Kuusi T, Helve E, Nikkila
EA, Yki-Jarvinen H. Insulin therapy in-
duces antiatherogenic changes of serum
lipoproteins in noninsulin-dependent di-
abetes. Arteriosclerosis 1988;8:168-177

Krauss RM. Lipids and lipoproteins in
patients with type 2 diabetes. Diabetes
Care 2004;27:1496-1504

Berneis KK, Krauss RM. Metabolic origins
and clinical significance of LDL hetero-
geneity. J Lipid Res 2002;43:1363-1379

Guérin M, Le Goff W, Lassel TS, Van Tol
A, Steiner G, Chapman MJ. Atherogenic
role of elevated CE transfer from HDL to
VLDL(1) and dense LDL in type 2 diabetes
: impact of the degree of triglyceridemia.
Arterioscler Thromb Vasc Biol 2001;21:
282-288

Berneis K, Rizzo M, Stettler C, et al.
Comparative effects of rosiglitazone and
pioglitazone on fasting and postprandial
low-density lipoprotein size and subclasses
in patients with Type 2 diabetes. Expert
Opin Pharmacother 2008;9:343-349

Sam S, Haffner S, Davidson MH, D’Agostino
R Sr, Perez A, Mazzone T. Pioglitazone-

30.

31.

32.

33.

34.

35.

36.

37.

38.

mediated changes in lipoprotein particle
composition are predicted by changes in
adiponectin level in type 2 diabetes. J Clin
Endocrinol Metab 2012;97:E110-E114
Weiss R, Otvos JD, Flyvbjerg A, et al.
Adiponectin and lipoprotein particle size.
Diabetes Care 2009;32:1317-1319
Tsubakio-Yamamoto K, Sugimoto T,
Nishida M, et al. Serum adiponectin
level is correlated with the size of HDL
and LDL particles determined by high
performance liquid chromatography.
Metabolism 2012;61:1763-1770

Jang Y, Lee JH, Chae JS, et al. Association
of the 276G->T polymorphism of the
adiponectin gene with cardiovascular
disease risk factors in nondiabetic Kore-
ans. Am J Clin Nutr 2005;82:760-767
Kitajima K, Miura S-i, Yamauchi T, et al.
Possibility of increasing cholesterol ef-
flux by adiponectin and its receptors
through the ATP binding cassette trans-
porter Al in HEK293T cells. Biochem
Biophys Res Commun 2011;411:305—
311

Matsuura F, Oku H, Koseki M, et al.
Adiponectin accelerates reverse choles-
terol transport by increasing high density
lipoprotein assembly in the liver. Biochem
Biophys Res Commun 2007;358:1091—
1095

Saremi A, Moritz TE, Anderson R]J,
Abraira C, Duckworth WC, Reaven PD;
Veterans Affairs Diabetes Trial (VADT).
Rates and determinants of coronary and
abdominal aortic artery calcium pro-
gression in the Veterans Affairs Diabetes
Trial (VADT). Diabetes Care 2010;33:
2642-2647

Nelson TL, Kamineni A, Psaty B, et al.
Lipoprotein-associated phospholipase A
(2) and future risk of subclinical disease
and cardiovascular events in individuals
with type 2 diabetes: the Cardiovascular
Health Study. Diabetologia 2011;54:329—
333

Kizer JR, Umans JG, Zhu J, et al. Lipoprotein-
associated phospholipase A(2) mass and
activity and risk of cardiovascular disease
in a population with high prevalences of
obesity and diabetes: the Strong Heart
Study. Diabetes Care 2012;35:840-847
Shao B, Pennathur S, Heinecke JW. Mye-
loperoxidase targets apolipoprotein A-I,
the major high density lipoprotein pro-
tein, for site-specific oxidation in human
atherosclerotic lesions. J Biol Chem 2012;
287:6375-6386

2414

DiaBETES CARE, VOLUME 36, AuGust 2013

care.diabetesjournals.org



