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OBJECTIVE

The haptoglobin (Hp)2-2 phenotype (~35–40% of people) is associated with
increased oxidation and dysfunctional HDL in hyperglycemia and may explain
why drugs designed to pharmacologically raise HDL cholesterol and lower trigly-
cerides have not reliably prevented cardiovascular disease in diabetes. We aimed
to determine whether the effect of adding fenofibrate versus placebo to simva-
statin on the risk of coronary artery disease (CAD) events depends on Hp pheno-
type in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) lipid trial.

RESEARCH DESIGN AND METHODS

Cox proportional hazards regression models quantified the relationship between
fenofibrate therapy and CAD events in the ACCORD lipid trial in participants with
the Hp2-2 phenotype (n5 1,795) separately from those without (n5 3,201).

RESULTS

Fenofibrate therapy successfully lowered the risk of CAD events in participants
without the Hp2-2 phenotype (multivariable adjusted hazard ratio 0.74 [95% CI
0.60–0.90] compared with no fenofibrate therapy) but not in participants with
the Hp2-2 phenotype (1.16 [0.87–1.56]; P interaction 5 0.009). Subgroup analy-
ses revealed that this protective effect of fenofibrate against CAD events among
the non–Hp2-2 phenotype group was pronounced in participants with severe
dyslipidemia (P interaction 5 0.01) and in males (P interaction 5 0.02) with an
increased CAD risk from fenofibrate treatment observed in females with the
Hp2-2 phenotype (P interaction5 0.002).

CONCLUSIONS

The effect of fenofibrate added to simvastatin on risk of CAD events depends on
Hp phenotype in the ACCORD lipid trial.

Despite the well-established association between cardiovascular disease (CVD) and
atherogenic dyslipidemia, large clinical trials have failed to provide evidence to sup-
port an added benefit from HDL-cholesterol–raising and triglyceride-lowering ther-
apy in addition to optimal statin therapy (1–3). The Action to Control
Cardiovascular Risk in Diabetes (ACCORD) lipid trial (ClinicalTrials.gov number
NCT00000620) was a large multicenter study that concluded that the combination
of fenofibrate and simvastatin did not reduce the risk of major CVD events compared
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with simvastatin alone, although a poten-
tial benefit was observed in a prespeci-
fied subgroup analysis of men and in
patients with both triglycerides in the
highest third and HDL-cholesterol in the
lowest third at baseline (1). Similarly, two
other large trials observed no benefit
from niacin and statin combination ther-
apy compared with statin monotherapy
(2,3). An explanation for the inability of
HDL-cholesterol–raising and triglyceride-
lowering therapies to prevent CVD events
in these clinical trials has not been con-
firmed, but may be due to differences
in unmeasured characteristics between
study participants that affect lipid or lipo-
protein function.

A common variation in the gene that
codes for the abundant plasma protein
haptoglobin (Hp) has identified individu-
als who may be at increased risk of coro-
nary artery disease (CAD) events, such as
myocardial infarction (MI), from hypergly-
cemia and altered HDL function (4–10).
Specifically, in patients with the Hp2-2
genotype (who thus produce the Hp2-2
protein and have the Hp2-2 phenotype)
and hyperglycemia (often defined as gly-
cated hemoglobin [Hb] $6.5% [48
mmol/mol]), HDL has been shown to be
dysfunctional and proatherogenic with
the potential to increase susceptibility to
atherosclerosis, deterioration of cardiac
function, and, ultimately, CAD (5,10,11).
The effect of drugs designed to raise
HDL-cholesterol and lower triglycerides in
people with the Hp2-2 phenotype
(�35–40% of people worldwide) and
hyperglycemia on risk of CAD events is
currently unknown but may not have a
beneficial effect due to the dysfunctional
nature of HDL in these individuals. In
contrast, drugs designed to raise HDL-
cholesterol and lower triglycerides may
be favorable in people without the Hp2-2
phenotype (who thus have the Hp1-1 or
Hp2-1 phenotype) in whom the functions
of Hp and HDL are better preserved.

The primary objective of the current
study was to determine whether the
Hp2-2 phenotype influenced the effect of
the ACCORD lipid trial (which tested add-
ing fenofibrate therapy vs. placebo to
simvastatin) on the risk of CAD events. In
the original ACCORD lipid trial, sex as well
as baseline combined triglyceride–HDL-
cholesterol levels appeared to influence
the effect of fenofibrate (1). Additionally,
secondary prevention patients have a
higher risk of CVD events compared with

primary prevention patients (12). Thus, as
a secondary objective, we decided a priori
to perform stratifications by sex, previous
CVD at baseline, and baseline triglyceride
and HDL-cholesterol concentrations.

RESEARCH DESIGN AND METHODS

The current study was a hypothesis-
driven reanalysis of data from the
ACCORD lipid trial with the addition of
Hp phenotype measurement to assess
the effect of fenofibrate therapy on CAD
events among two separate groups: par-
ticipants with the Hp2-2 phenotype and
participants without the Hp2-2 pheno-
type. The design, methods, and original
findings of the ACCORD trial (Clinical
Trials.gov identifier NCT00000620) have
been reported previously (1,13). Briefly,
the ACCORD trial was a large-scale multi-
center (77 clinical sites in Canada and the
U.S.) double-blind 2 × 2 factorial design
randomized control trial in patients with
type 2 diabetes at high risk of a CVD
event. At baseline, all ACCORD partici-
pants had a glycated Hb level $7.5% (58
mmol/mol) and were aged between 40
and 79 years if they had evidence of clini-
cal CVD or between 55 and 79 years if
there was anatomical evidence of signifi-
cant atherosclerosis, albuminuria, left
ventricular hypertrophy, or at least two
additional risk factors for CVD. In the lipid
arm of the ACCORD trial, all 5,518
patients had a baseline LDL-cholesterol
level of 60–180 mg/dL (1.55–4.65 mmol/
L), HDL-cholesterol of <55 mg/dL (1.42
mmol/L) for females and Black partici-
pants or <50 mg/dL for all others, and a
serum triglyceride level of <750 mg/dL
(8.5 mmol/L) if not on a lipid medication
or <400 mg/dL (4.5 mmol/L) if on a lipid
medication. Participants were randomized
to receive either fenofibrate or placebo
(began 1 month after randomization) in
addition to open-label background simva-
statin (began at randomization) over a
mean follow-up of 4.7 years. Randomiza-
tion was performed centrally on the study
website using permutated blocks to con-
ceal study-group assignment. A fasting
plasma lipid profile was measured at 4, 8,
and 12 months after randomization and
annually thereafter at the ACCORD cen-
tral laboratory. Safety profiles were deter-
mined at 1, 4, 8, and 12 months after
randomization and annually thereafter
(1,13–15). The dose of simvastatin was
modified over time to reflect changing

guidelines, and, beginning in 2004, due to
a rise in serum creatine levels in some
patients, the dose of fenofibrate was
modified according to glomerular filtra-
tion rate with the use of the abbreviated
MDRD equation (1,16–18).

The ACCORD study was completed in
2009, and all collected specimens and
data have since become available to non-
ACCORD researchers through the National
Institutes of Health’s Open Biologic Speci-
men and Data Repository Information
Coordinating Center. The ACCORD study
protocol was approved by institutional
review boards at all participating institu-
tions, and all participants provided writ-
ten informed consent, including consent
for future research.

Hp Phenotyping
The Hp phenotype of patients in ACCORD
was determined using a previously vali-
dated high-throughput ELISA with a sensi-
tivity and specificity of 99% and 98.1%,
respectively (19). Hp phenotype does not
change over time, and therefore, a blood
sample from either baseline or a follow-
up visit was used for each participant. Of
the 5,518 ACCORD lipid participants, Hp
phenotype was determined for 4,996
(90.5%). The exclusion of the other 522
participants occurred because serum
samples from these participants had pre-
viously been depleted by the measure-
ment of other biomarkers.

CAD Event Outcome
We report the outcome of CAD events,
according to the original ACCORD lipid
trial prespecified diagnosis criteria and
definition (1) of “major CAD events,”
which is defined as the first occurrence
of a fatal coronary event, a nonfatal MI,
or unstable angina. All reported cardio-
vascular outcomes in the ACCORD trial
were adjudicated by a blinded panel
using predefined adjudication criteria (1).

Although the mechanism is not well
understood, stroke is an end point that
has been associated with the Hp1-1
phenotype rather than the Hp2-2 phe-
notype (20,21), suggesting that CAD
and stroke should be separated from a
composite CVD outcome for analyses by
Hp phenotype. Previous studies suggest
that protection against stroke conferred
by the Hp2-2 phenotype may be con-
nected to the role of Hp phenotype in
angiogenesis, whereas protection against
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CAD has been linked to the function of
Hp as an Hb scavenger and antioxidant
(22,23). For this biological reason, the
present analysis studied the outcome of
CAD events rather than the original
ACCORD lipid trial primary outcome of
major CVD events (nonfatal MI, nonfatal
stroke, or death from cardiovascular
causes, excluding unstable angina).

Statistical Analysis
All statistical analyses were conducted
using Stata/IC software version 15.1
(StataCorp, College Station, TX) at a two-
tailed a level of 0.05. Participants with
the Hp2-1 or Hp1-1 phenotypes (those
without the Hp2-2 phenotype) were
combined to form a group, which is a
common approach when studying the Hp
phenotype because of the low frequency
of the Hp1-1 phenotype (�15%) and
because the structure and function of
the Hp2-1 and Hp1-1 proteins are similar
in relation to the Hp2-2 protein (7,8,
24,25).
Participants were grouped based on a

combination of their treatment assign-
ment and Hp phenotype, and baseline
characteristics were compared using t
tests, one-way ANOVA, or Kruskal-Wallis
tests for continuous variables and x2 tests
for categorical variables. Less than 3% of
data were missing for any of the baseline
variables. The analysis was kept similar to
the ACCORD lipid trial (1) with stratifica-
tion by Hp phenotype. As such, the
relationship between fenofibrate ther-
apy and the risk of CAD events was deter-
mined using Cox proportional hazards
regression according to the intention-to-
treat principle. The occurrence of events
between treatment groups was compared
using adjusted hazard ratios (HRs) and 95%
CIs for participants with the non–Hp2-2
and Hp2-2 phenotype groups separately.
Multivariable Cox regression models were
adjusted for the same covariates that
were included in the original ACCORD lipid
analyses, including: the seven clinical net-
works; assignment to intensive glycemic
control; and a history of CVD at baseline.
Additional adjustment was made for age,
sex, ethnicity, and three variables that dif-
fered between treatment groups: baseline
triglycerides, baseline angiotensin receptor
blocker use, and baseline aspirin use. Fur-
ther stratification was performed by sex,
previous CVD at baseline, and baseline

triglyceride and HDL-cholesterol concen-
trations. Interactions were tested between
fenofibrate assignment and Hp phenotype
using an interaction term in the model.
There was no significant interaction effect
between intensive glycemic control and
fenofibrate for CAD events in either phe-
notype group (data not shown), so the
analysis was not stratified by assignment
to glycemic control group. Follow-up time
was defined as the time from randomiza-
tion to date of documented outcome
(CAD) or until they were censored at 7
years after randomization if no event
occurred.

RESULTS

The distribution of Hp phenotype fre-
quencies was 17.9% for Hp1-1, 46.2%
for Hp2-1, and 35.9% for Hp2-2. The
median follow-up was 4.7 years in each
of the Hp phenotype groups. Among
those without the Hp2-2 phenotype
(n 5 3,201), 1,595 were randomized to
receive fenofibrate and 1,606 to pla-
cebo in combination with simvastatin
(Table 1). The mean age was 62.7 ± 6.5,
33.5% were female, and 34.6% had a
history of CVD at baseline. Among those
who had the Hp2-2 phenotype (n 5
1,795), 919 were in the fenofibrate
group and 876 were in the placebo
group, the mean age was 62.8 ± 6.4,
31.2% were female, and 35.9% had a
history of CVD at baseline. Non–Hp2-2
and Hp2-2 treatment groups differed in
baseline triglycerides (median of 159
mg/dL among participants without the
Hp2-2 phenotype and 169 mg/dL
among those with the Hp2-2 pheno-
type) (Table 1). Among patients with
the Hp2-2 phenotype, the treatment
groups had different baseline angioten-
sin receptor blocker (14.0% of the feno-
fibrate group and 17.7% of the placebo
group) and aspirin (58.5% of the fenofi-
brate group and 53.7% of the placebo
group) use. Changes in average total
cholesterol, LDL-cholesterol, and HDL-
cholesterol as well as changes in median
triglycerides for each treatment group
stratified by haptoglobin phenotype
can be found in Supplementary Fig. 1.

In multivariable adjusted Cox models
(Table 2, Figure 1), participants who
were allocated to receive fenofibrate
compared with placebo had a 26%
lower risk of CAD events (HR 0.74 [95%

CI 0.60–0.90]) in participants without
the Hp2-2 phenotype, but not in parti-
cipants with the Hp2-2 phenotype (1.16
[0.87–1.56]), with a significant interac-
tion between Hp phenotype and lipid
treatment for CAD events (P 5 0.009).

When participants without the Hp2-2
phenotype were stratified by sex
(P value for sex interaction 5 0.02)
(Table 3), men who were assigned to
receive fenofibrate treatment had a
36% lower risk of CAD events (0.64
[0.50–0.81]) compared with placebo,
while there was no significant difference
in the risks in females receiving fenofi-
brate versus those receiving placebo.
Secondary prevention patients without
the Hp2-2 phenotype who were ran-
domized to fenofibrate had a 30% lower
risk of CAD events (0.70 [0.53–0.91]),
while there was no significant effect in
primary prevention patients, although
the interaction was not significant. The
protective effect of fenofibrate against
CAD among those without the Hp2-2
phenotype was pronounced in partici-
pants with both baseline triglycerides in
the upper tertile (>204 mg/dL) and
HDL cholesterol in the lowest tertile
(<34 mg/dL) (0.41 [0.26–0.65]; P inter-
action 5 0.01).

For the Hp2-2 phenotype group, there
was no significant difference in CAD risk
between treatment groups in males;
however, an increased risk of CAD events
(2.55 [1.27–5.12]) was observed in
females allocated to receive fenofibrate
(P value for interaction 5 0.002). There
was no significant difference in risk of
CAD events between treatment groups
in primary or secondary prevention
patients with the Hp2–2 phenotype.
When stratified by baseline lipids, there
was no significant difference in the risk
of CAD events among patients with the
Hp2-2 phenotype who had both baseline
triglycerides <204 mg/dL (<2.3 mmol/L)
and HDL cholesterol >34 mg/dL (>0.88
mmol/L) or in those with both baseline
triglycerides $204 mg/dL ($2.3 mmol/L)
and HDL cholesterol #34 mg/dL (#0.88
mmol/L).

CONCLUSIONS

The current study is the first to investi-
gate whether the effect of fenofibrate–
simvastatin combination therapy on
CAD events in type 2 diabetes depends
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on Hp phenotype, and we observed sig-
nificantly different results in participants
with the Hp2-2 phenotype than in those
without. Fenofibrate with background
simvastatin, compared with simvastatin
alone, reduced the risk of CAD events in
those without the Hp2-2 phenotype but
not in those with the Hp2-2 phenotype.
The protective effect of the fenofibrate
intervention was especially pronounced
in participants without the Hp2-2

phenotype who were male, had previous
CVD, and had a combination of high
baseline triglycerides and low baseline
HDL. We also observed that the inter-
vention was associated with a signifi-
cantly increased risk of CAD events
among females with the Hp2-2 pheno-
type.

The original ACCORD lipid trial analysis
did not reveal that fenofibrate and simva-
statin combination therapy reduced the

risk of incident CAD (0.92 [0.79–1.07])
compared with simvastatin alone (1).
However, our present results suggest that
had the original study been conducted in
only participants without the Hp2-2 phe-
notype, fenofibrate and simvastatin
would have been reported to reduce the
risk of CAD compared with simvastatin
alone. Therefore, results of the current
study suggest that the effect of
adding fenofibrate to simvastatin on

Table 3—Annual rates and multivariable adjusted hazard ratios (HRs) for incident CAD† if given fenofibrate therapy
compared with placebo in subgroups by Hp2-2 phenotype

Fenofibrate Placebo

N No. of events Rate/year N No. of events Rate/year aHR* 95% CI P interaction**

Non–Hp2-2 phenotype
Sex 0.02

Male 1,066 117 2.4 1,062 166 3.4 0.64 0.50–0.81
Female 529 52 2.1 544 53 2.1 1.11 0.75–1.65

Previous CVD 0.39
Yes 550 96 3.8 558 132 5.1 0.70 0.53–0.91
No 1,045 73 1.5 1,048 87 1.8 0.82 0.60–1.12

Baseline lipids 0.01
TG $204 mg/dL and HDL #34 mg/dL 282 30 2.4 249 53 4.8 0.41 0.26–0.65
TG <204 mg/dL and HDL >34 mg/dL 1,313 139 2.3 1,357 166 2.6 0.85 0.67–1.06

Hp2-2 phenotype

Sex 0.002
Male 631 69 2.2 604 71 2.4 0.90 0.65–1.27
Female 288 35 2.6 272 12 0.9 2.55 1.27–5.12

Previous CVD 0.71
Yes 335 62 4.0 309 49 3.4 1.07 0.73–1.56
No 584 42 1.5 567 34 1.3 1.24 0.78–1.98

Baseline lipids 0.03
TG $204 mg/dL and HDL #34 mg/dL 160 22 2.8 166 27 3.3 0.80 0.44–1.44
TG <204 mg/dL and HDL >34 mg/dL 759 82 2.3 710 56 1.7 1.28 0.91–1.82

To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides to millimoles per liter,
multiple by 0.01129. aHR, adjusted HR; TG, triglyceride. *aHRs compare fenofibrate therapy to the reference group of participants who
received placebo. Models were adjusted for age, sex, the seven clinical center networks, assignment to intensive glycemic control, history of
CVD at baseline, ethnicity, baseline triglycerides, baseline use of angiotensin receptor blockers, and baseline use of aspirin. **P values for
interaction between fenofibrate treatment and sex, previous CVD, or baseline lipids. †The CAD event outcome is defined as the first occur-
rence of a major coronary event: a fatal coronary event, a nonfatal MI, or unstable angina.

Table 2—Annual rates and unadjusted and multivariable adjusted hazard ratios (HRs) for CAD events‡ if given fenofibrate
therapy compared with placebo for the two separate Hp phenotype groups

Fenofibrate Placebo HR

N No. of events Rate/year N No. of events Rate/year uHR* 95% CI aHR** 95% CI

Non–Hp2-2 phenotype 1,595 169 2.3 1,606 219 2.9 0.76 0.62–0.93 0.74 0.60–0.90

Hp2-2 phenotype 919 104 2.4 876 83 2.0 1.21 0.91–1.61 1.16 0.87–1.56

The P value for the test of interaction between fenofibrate treatment and Hp phenotype is 0.009. aHR, adjusted HR; uHR, unadjusted HR.
*uHR compare fenofibrate therapy to reference group of participants who received placebo in unadjusted models. **aHR compares fenofi-
brate therapy to the reference group of participants who received placebo. Models are adjusted for age, sex, the seven clinical center net-
works, assignment to intensive glycemic control, history of CVD at baseline, ethnicity, baseline triglycerides, baseline use of angiotensin
receptor blockers, and baseline use of aspirin. ‡The CAD event outcome is defined as the first occurrence of a major coronary event: a fatal
coronary event, a nonfatal MI, or unstable angina.
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cardiovascular outcomes may have
been confounded by Hp phenotype in
the original trial and that Hp pheno-
type should be considered in the
design of future related studies and
also potentially in clinical practice.
The findings of this study are sup-

ported by previous research on the role
of Hp phenotype in HDL-cholesterol dys-
function and CAD risk in hyperglycemia
(10,11,26–29). In a subset of participants
in the Atherothrombosis Intervention in
Metabolic Syndrome with Low HDL/High
Triglycerides: Impact on Global Health
Outcomes (AIM-HIGH) study who had
diabetes, Asleh et al. (29) found that
there was a higher proportion of partici-
pants with dysfunctional pro-oxidant
HDL in the Hp2-2 phenotype compared
with the Hp1-1 phenotype at baseline,
and, although HDL-cholesterol levels did
not change drastically throughout the
study, niacin improved HDL-cholesterol
antioxidant function in individuals with
Hp1-1 but worsened HDL-cholesterol
antioxidant function in individuals with
the Hp2-2 phenotype. In several in vitro
and in vivo studies, individuals with the
Hp2-2 phenotype show reduced ability
to protect against Hb-mediated oxidative
damage, resulting in increased inflamma-
tion, oxidative stress, and dysfunctional
HDL-cholesterol (11,26–28). Taken together
with the results of the current study, it
appears that a pronounced risk of CAD
in the Hp2-2 phenotype with hyperglyce-
mia may be due, at least in part, to dys-
functional HDL.
The biological mechanism linking HDL

dysfunction in the Hp2-2 phenotype to
risk of CAD events in hyperglycemia is
well supported by scientific literature

demonstrating that the Hp2-2 protein is
structurally and functionally different
than other Hp (non–Hp2-2) proteins. The
Hp2-2 protein is substantially larger and
more cyclic than other Hp proteins, and
thus, the Hp2-2 protein is less functional
at preventing oxidative damage by free
Hb, which is the primary function of Hp
(26–28). In hyperglycemic conditions, the
function of Hp2-2 is further impaired,
resulting in increased oxidative stress and
oxidative modification of HDL cholesterol
(Hp can bind to HDL and thereby tether
Hb to HDL), which paradoxically turns
HDL cholesterol into a proatherogenic,
prothrombotic molecule in people with
the Hp2-2 phenotype (5,10,11). There-
fore, drugs designed to increase HDL-
cholesterol may not be beneficial for
CAD risk reduction in people with hyper-
glycemia and the Hp2-2 phenotype. How-
ever, they may be beneficial in people
with hyperglycemia who do not have the
Hp2-2 phenotype because Hp and HDL
function are better preserved. Interest-
ingly, vitamin E supplementation has led
to improvements in HDL function among
people with the Hp2-2 phenotype with
diabetes, but not the non–Hp2-2 pheno-
type (5,25). Further, vitamin E treatment
has been associated with CAD risk reduc-
tion among the Hp2-2 phenotype with
diabetes (30,31), suggesting that the anti-
oxidant vitamin E may help to mitigate
the Hp2-2–associated CAD risk. Further
research is needed to determine if the
effect of fenofibrate on CAD risk in the
Hp2-2 phenotype could be modified
through vitamin E.

It is plausible that there is also an
increased amount of triglyceride–fatty
acid oxidation among the Hp2-2 phe-

notype compared with the non–Hp2-2
phenotype, which could have affected
our results; however, this mechanism has
not been investigated. Further, the inde-
pendent role of hypertriglyceridemia in
CVD has been debated in the literature
for decades (32), and the effect that oxi-
dized triglycerides–fatty acids have on
CAD risk in diabetes remains underre-
searched and would be valuable to mea-
sure in future trials of fenofibrates.

Due to the biological rationale linking
Hp phenotype, HDL function, and risk of
CAD in hyperglycemia and the less well
understood association between Hp1-1
and stroke (20,21), the primary outcome
of interest for the present analysis was
CAD (fatal coronary event, a nonfatal MI,
or unstable angina) rather than the
ACCORD lipid primary outcome of major
CVD events (nonfatal MI, nonfatal stroke,
or death from cardiovascular causes,
excluding unstable angina) (1). We were
underpowered to investigate stroke as an
outcome in isolated analyses; however,
in a sensitivity analysis in which we inves-
tigated the ACCORD major CVD outcome,
there was a nonsignificant trend toward
benefit from fenofibrate in participants
with the non–Hp2-2 phenotype (0.82
[0.66–1.03]; data not shown) and a null
effect in the Hp2-2 phenotype (1.02
[0.75–1.37]; data not shown).

Females and males are different bio-
logically, and the roles of endogenous sex
hormones and gender on lipid metabo-
lism and cardiometabolic disease are not
yet well understood (33,34). A potential
explanation for our findings in females
could be that postmenopausal metabolic
changes may trigger chronic inflamma-
tion over time that could alter the quality

Figure 1—Multivariable adjusted hazard ratios (HRs) for incident CAD events if given fenofibrate compared with placebo in ACCORD lipid partici-
pants with the non–Hp2-2 (A) and Hp2-2 phenotypes (B). The analysis was adjusted for age, sex, the seven clinical center networks, assignment to
intensive glycemic control, history of CVD at baseline, ethnicity, baseline triglycerides, baseline use of angiotensin receptor blockers, and baseline
use of aspirin.
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of HDL (35,36). In the Multi-Ethnic Study
of Atherosclerosis (MESA), Khoudary
et al. (35) found a positive association
between HDL-cholesterol and plaque for-
mation in postmenopausal women. Given
the older age of the ACCORD lipid cohort,
HDL dysfunction due to menopausal met-
abolic changes may explain the neutral
effect of fenofibrate among females with
the non–Hp2-2 phenotype and the inc-
reased risk of CAD events observed
among females with the Hp2-2 pheno-
type who took fenofibrate. However, spe-
cific menopausal status information was
not collected in the ACCORD lipid trial,
and we can only hypothesize that meno-
pausal-related metabolic changes could
have influenced the results. In a sensitiv-
ity analysis, we removed women who
were taking hormone replacement ther-
apy at baseline from the analysis (10.2%
of women), and our results did not mate-
rially change (data not shown). Females
also have naturally higher levels of HDL-
cholesterol than males, which may poten-
tially explain why fenofibrate therapy sig-
nificantly reduced the risk of CAD events
in males with the non–Hp2-2 phenotype
but not in females of the same pheno-
type group, as HDL-cholesterol levels may
already have been high enough to offer
CAD protection from functional HDL in
females but not males (37,38). Addition-
ally, higher HDL levels in females may
explain our observation of an increased
risk of CAD events in females with the
Hp2-2 phenotype who received fibrates,
as these females would have theoretically
had the highest concentrations of oxida-
tively modified HDL cholesterol of the
subgroups.

The finding that the risk of CAD was
lower in the Hp2-2 phenotype control
group compared with the non–Hp2-2
phenotype control group (0.64 [0.50–
0.83]; data not shown) was unexpected
and inconsistent with our previous
research that reported a higher risk of
CAD events in the Hp2–2 phenotype com-
pared with the non–Hp2-2 phenotype
group in hyperglycemia (7,8). A potential
explanation for this finding could be that
the glycemic control treatment differently
influenced the risk in the different pheno-
type groups, since we have previously
reported that intensive glycemic control
in the ACCORD glycemic control trial was
effective at preventing CAD events in
the Hp2-2 phenotype but not in the
non–Hp2-2 phenotypes (9). However, a

test for interaction between fenofibrate
treatment and intensive glycemic control
was not significant (data not shown). Hp
phenotype frequency distribution is also
linked to ethnicity/race, with a higher fre-
quency of the Hp1 allele in Black popu-
lations, and it is possible that ethnicity/
race could have influenced the results (6).
However, in a sensitivity analysis in which
we restricted the analysis to non-Hispanic
White participants only, our results were
materially unchanged (data not shown).

Similar to our study, Morieri et al.
(39) have also recently observed that
the cardiovascular benefits of fibrates
are heterogeneous and depend on the
presence of atherogenic dyslipidemia.
Morieri et al. (39) found a significant
interaction effect between the common
variant at the PPARA locus (rs6008845,
C/T), which codes for peroxisome prolif-
erator-activated receptor-a (PPAR-a),
and fenofibrates that reduced major
cardiovascular events in T/T homozy-
gotes who received fenofibrates but not
in participants without the T/T geno-
type. The study by Morieri et al. (39)
included stroke in the outcome and
may, therefore, be the result of a differ-
ent mechanistic pathway than the cur-
rent study’s results. However, both Hp
and PPAR-a are involved in inflamma-
tion and lipid metabolism, and future
studies are required to determine whe-
ther a combined biological mechanism
could be at play and to what extent the
combination of these two common
polymorphisms predicts the response of
a patient with type 2 diabetes to
fibrates.

This study has several limitations that
should be noted. Participants were all
middle-aged and elderly individuals at a
high risk for CVD who were mostly non-
Hispanic White, and it remains unknown
whether these results are generalizable
to other populations. Furthermore, feno-
fibrate not only affects HDL, but also low-
ers triglycerides, increases the size of LDL
particles, and has several other nonlipid
effects, including a reduction in systemic
inflammation (40–42). Therefore, at pre-
sent, it can only be hypothesized that
our findings may be due to prominent
HDL dysfunction in patients with the
Hp2-2 phenotype and hyperglycemia,
and follow-up studies that assess HDL-
cholesterol levels and function in the
different Hp phenotype groups are war-
ranted to confirm the biological mec-

hanism. We were not able to measure
oxidative modification of HDL in the cur-
rent study, which would be important to
consider in future work. Another limita-
tion of our study is that we were under-
powered to analyze Hp1-1 participants
separately from Hp2-1 participants or
analyze stroke as an isolated outcome,
and so our study cannot meaningfully
contribute knowledge about the relation-
ship between Hp1-1 phenotype and
stroke risk or whether the effect of feno-
fibrate on stroke risk is dependent on Hp
phenotype in diabetes. Further targeted
studies are needed to address this. Our
present work must also be expanded to
include a greater representation in partic-
ipant demographics (sex, ethnicity, and
diabetes duration), treatment definitions
(medications, doses, and lifestyle, such as
diet and physical activity), and study
design (such as a trial that incorporates
Hp phenotype into treatment planning at
baseline) to determine whether Hp phe-
notype can reliably differentiate suscepti-
ble individuals who would most benefit
from fenofibrate therapy. Investigations
to determine if the effect of simvastatin
on CAD in hyperglycemia is dependent
on Hp phenotype are also warranted.

Conclusion
In conclusion, the results of the current
study suggest that in hyperglycemia feno-
fibrate–simvastatin combination therapy
may only be beneficial for CAD preven-
tion in people who do not have the
Hp2-2 phenotype, particularly in males
and patients with significant dyslipidemia,
and may be harmful for females with the
Hp2-2 phenotype. These findings provide
an explanation for the failure of random-
ized clinical trials of HDL-cholesterol–rais-
ing and triglyceride-lowering therapies
previously reported and, if replicated in
future studies, suggest a precision medi-
cine approach to prescribe fenofibrate
optimally by which Hp phenotype would
serve as a biomarker to help distinguish
patients who would receive a cardiovas-
cular benefit from fenofibrate from those
who would not.
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