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Abstract

Background Women, older patients and non-White ethnic groups experience a substantial proportion of acute coronary syn-
dromes (ACS), although they have been historically underrepresented in ACS randomized clinical trials (RCTs). To assess
the influence of sex, age and race on major adverse cardiovascular events (MACE) and on heart failure events, we studied
patients with type 2 diabetes in a large post-ACS trial (EXAMINE).

Methods Differences in baseline characteristics and the respective composite endpoint of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke (MACE) and cardiovascular death or heart failure hospitalization (HF events)
were evaluated by subgroups in a cohort of post-ACS patients with diabetes, using unadjusted and adjusted Cox regression
modelling.

Results The EXAMINE trial enrolled 5380 patients with 35% aged > 65, 32% female and 27% non-White. The risk of MACE
was higher in non-White compared to White patients after adjustment for potential confounding (HR =1.35; 95% CI1.04—
1.75), but there were no significant differences by sex and age (HR =1.03; 95% CI10.87-1.22 for women; HR=1.14; 95%
CI10.96-1.35 for patients > 65 years). The risk of HF events was higher in non-White patients (HR=1.56; 95% CI11.13-2.14),
and in patients aged > 65 (HR=1.33; 95% CI 1.07-1.66) and nominally so in women (HR =1.23; 95% CI10.99-1.52). The
additive risk of each demographic factor (women, older age and non-White race) was greater for HF events in comparison
with MACE. Moreover, non-White elderly patients consistently had poorer prognosis regardless of sex.

Conclusions Older adults, women and non-White patients with diabetes who are post-ACS are often underrepresented in
RCTs. The risk for HF events was higher in older and non-White patients, with a trend towards significance in women,
whereas only non-White patients (and not women and older patients) were at higher risk for MACE. Future trials should
enrich enrollment of these persons at risk.
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Graphic abstract

Study population: 5380 patients with type 2 diabetes in a large post-ACS trial (EXAMINE)

Study aim: to evaluate differences in MACE and HF events in subgroups of patients frequently
underepresented in RCTs (older adults, women and non-white patients)

MACE

(cardiovascular death, nonfatal
myocardial infarction, or non fatal stroke)

+3% risk (p=0.763)
aHR (95% Cl) = 1.03 (0.87-1.22)

+14% risk (p=0.128)
aHR (95% Cl) = 1.14 (0.96-1.36)

+35% risk (p=0.023)
aHR (95% CI) = 1.35 (1.04-1.75)

HF events
(cardiovascular death, or
heart failure hospitalization)

+23% risk (p=0.057)
aHR (95% Cl) = 1.23 (0.99-1.52)

+33% risk (p=0.009)
aHR (95% Cl) = 1.33 (1.07-1.66)

+56% risk (p=0.006)
aHR (95% Cl) = 1.56 (1.13-2.14)
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Introduction

The prevalence of both diabetes mellitus and acute coronary
syndrome (ACS) represents a significant burden to individu-
als and health-care systems [1, 2]. Compared to people with-
out type 2 diabetes mellitus (T2D), patients with T2D having
an ACS have poor prognosis [1-3]. Although women, older
patients and non-White ethnic groups experience a substan-
tial proportion of ACS in the real-world setting, they have
been historically underrepresented in ACS randomized clini-
cal trials (RCTs) [4], including those exclusively enrolling
patients with T2D [5-8]. Several campaigns, coalitions,
and programmes [9, 10] have been initiated with the aim
of improving awareness, advocacy, and research for better
representativeness in clinical trials of these patient catego-
ries [11] as well as to reduce cardiovascular (CV) outcomes
based on the implementation of specific recommendations
[12, 13]. Although previous studies have reported age-, sex-
and race differences in management and outcomes of large
cohorts of post-ACS patients [4, 11], there are limited data
characterizing these disparities in specific cohorts of post-
ACS patients with T2D.

In the light of recent major cardiovascular outcome
trials showing successful treatment effects of newer

glucose-lowering agents in high-risk patients with T2D [14,
15], there is a need to understand whether there are differ-
ences in the distribution of cardiovascular outcomes accord-
ing to sex, age and race. Describing clinical characteristics
and CV outcomes in these underrepresented groups, using
data from recent post-ACS T2D trials might help informing
the design of future RCTs.

Using a cohort of post-ACS patients with T2D from the
EXAMINE (examination of cardiovascular outcomes with
alogliptin vs standard of care) trial [16, 17] we aimed to: (a)
describe the distribution and the clinical profile of women,
older and non-White patients; (b) assess differences in the
rate of two composite cardiovascular outcomes by subgroups
of sex, age and race; and (c) evaluate the incremental risk of
cardiovascular events based on the additive effect provided
by each subgroup.

Methods
Study design

Details of the EXAMINE study (NCT00968708) design and
primary findings have been previously published [16, 18].
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A total of 5380 patients were randomly allocated to receive
either alogliptin or placebo, administered in a double-blind
fashion, in addition to standard-of-care treatment for T2D.
In the overall population, alogliptin was non-inferior to pla-
cebo for the primary outcome of death from cardiovascular
causes, non-fatal myocardial infarction, or non-fatal stroke
[16].

The Steering Committee, consisting of academic mem-
bers and three non-voting representatives of the sponsor
(Takeda Development Center Americas), designed and
oversaw the conduct of the trial. An independent data and
safety monitoring committee monitored the trial and had
access to the unblinded data. The EXAMINE trial was per-
formed in accordance with the ethical principles contained
in the Declaration of Helsinki. The appropriate national
and institutional regulatory authorities and ethics commit-
tees approved the study design, and all participants provided
written informed consent.

Study patients and intervention

Patients were eligible for enrolment if they had received a
diagnosis of T2D, were receiving antidiabetic therapy (other
than a DPP-4 inhibitor or GLP-1 analogue), and had had an
ACS (either acute myocardial infarction [MI] or unstable
angina requiring hospitalization) within 15-90 days before
randomization. Further criteria for the diagnosis of T2D
included a HbAlc level between 6.5 and 11.0% at screen-
ing, or if the antidiabetic regimen included insulin, a HbAlc
concentration between 7.0 and 11.0%. Major exclusion cri-
teria were type 1 diabetes, unstable cardiac disorders (e.g.,
New York Heart Association class IV heart failure, refrac-
tory angina, uncontrolled arrhythmias, critical valvular heart
disease, or severe uncontrolled hypertension), and dialysis
within 14 days before screening.

Institutional Review Board approval was obtained and
all patients provided informed consent to participate in the
trial. The EXAMINE trial was registered in ClinicalTrials.
gov with the number NCT00968708.

Study outcomes

We evaluated two composite cardiovascular outcomes. The
ischemic endpoint, or major adverse cardiovascular events
(MACE), was a composite of CV death, nonfatal MI, or
nonfatal stroke [16], whereas the heart failure endpoint (HF
events) was a composite of CV death or heart failure hospi-
talization (HFH). Heart failure hospitalization was defined
as an inpatient admission or an emergency department visit
of more than 12 h with clinical manifestations of HF. An
independent central adjudication committee adjudicated all
the outcomes under investigation in this report (CV death,
nonfatal MI, or nonfatal stroke, and HFH) [16]. The median
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(interquartile range) follow-up time was 1.5 (0.8, 2.1) and
1.6 (0.9, 2.1) years for each endpoint, respectively.

Statistical analysis

Differences in baseline clinical characteristics by sex, age
and race were described as frequency (%) and compared
using Chi-square tests for categorical data, whereas baseline
continuous data were expressed as mean and standard devia-
tion (SD) or median with interquartile range and compared
using ¢ tests or Wilcoxon rank sum tests, as appropriate.

Incidence rates for each study variable (sex, age and race)
were estimated to obtain absolute risk measure using differ-
ence in rates (95% CI). Time-to-first-event curves for each
outcome were obtained to compare subsets of patients by
sex, age and race using the Kaplan—-Meier method. Cox pro-
portional hazards modelling was used to examine the asso-
ciation between cardiovascular outcomes and sex, age and
race, estimating hazard ratios (HRs) and their 95% CI for
each outcome. Based on previous publications [19-22], mul-
tivariate models were adjusted for sex, age, race, smoking,
T2D duration, previous MI, previous HFH, previous stroke,
atrial fibrillation, hypertension, systolic blood pressure, sta-
tin therapy, and study treatment (alogliptin or placebo) allo-
cation. All models were stratified by geographic region and
baseline renal function at baseline [16, 22], which assumes
equal associations across strata but with a baseline hazard
unique to each subset of patients [23, 24]. Data for multivari-
ate complete case analyses were available for 5356 patients
(99.6%). In addition to the main model, three extra models
were conducted to adjust for some other confounders: (a)
model one was adjusted by the previous set of co-variates
and by the type of ACS (MI vs unstable angina requiring
hospitalization) and the use percutaneous coronary interven-
tion; (b) model two was adjusted for model one and some
extra variables related to T2D treatment and co-morbidities,
such as insulin and history of peripheral artery disease; and
(c) model three was adjusted for model one and other sec-
ondary prevention medication, such as aspirin, beta blockers
and angiotensin-converting enzyme inhibitor or angiotensin
receptor blocker.

To evaluate the prognostic value of eight patient profiles
based on their sex, age and race (23 =8 combinations), we
computed linear combinations of the three relevant coef-
ficients to obtain adjusted point estimates with their 95%
CI. Additionally, a risk score with one point for each demo-
graphic risk category (women, older and non-White patients)
was used to evaluate the increasing risk of MACE and HF
events with the increasing number of prognostic factors.

The two-tailed significance level was set at p <0.05.
STATA software version 15.1 (Stata Corp, College Station,
TX, USA) was used to perform the analyses and produce
most graphs.
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Results

Baseline characteristics by sex, age and race

There were 1729 (32%) women, 1907 (35%) older patients
and 1471 (27%) non-White patients (1089 Asian, includ-
ing Indians, 216 Black and 166 from other minorities).
Among them, only 1759 (33%) patients were not part of
any historically underrepresented group (male, young or

Table 1 Baseline clinical features by sex, age and race

White). Baseline clinical features, medical history, and
concomitant medications at randomisation by sex, age and
race are shown in Table 1. Briefly, women were older than
men (mean age 63.3+9.9 vs 59.8 +9.7 years, p <0.001)
and were more often White (75.7% vs 71.2%, p <0.001).
They also had a longer duration of T2D with a higher
percentage on insulin although no difference in HbAlc
values. Women received less antiplatelet medications and
statins in comparison to men, but a higher percentage were
receiving diuretics. Older patients were more frequently

Sex Age Race
Male Female <64 >65 White Non-White

Female, n (%) - - 943 (27.2%) 786 (41.2%)*** 2600 (66.5%) 1051 (71.4%)%**
Age>65y.0.,n (%) 1121 (30.7%) 786 (45.5%)*** — - 1451 (37.1%) 456 (31.0%)***
Age (years) 59.8 (9.7) 63.3 (9.9)*** 55.1(6.5) 71.5 (5.1)*** 59.3 (10.3) 61.5 (9.7)***
White, n (%) 2600 (71.2%) 1309 (75.7%)*** 2458 (70.8%) 1451 (76.1%)%*** - -
Alogliptin allocation, n (%) 1828 (50.1%) 873 (50.5%)™ 1728 (49.8%) 973 (51.0%)"™ 1966 (50.3%) 735 (50.0%)"™
Metabolic history

Duration of DM (years) 8.4 (7.7) 10.7 (8.8)*** 7.8(7.2) 11.7 (9.2)*%** 9.5(8.1) 8.3 (8.3)***

Baseline HbAlc (concentration) 8.0 (1.1) 8.1 (1.1)*** 8.1(1.1) 7.9 (1.0)*** 8.0(1.1) 8.0 (1.1)™

BMI (kg/m?) 29.1 (5.3) 30.2 (6.1)%** 29.9 (5.7) 28.8 (5.3)*** 30.6 (5.4) 26.4 (4.8)***

BMI > 30 kg/m> 1404 (38.5%) 804 (46.5%)*** 1524 (43.9%) 684 (35.9%)*** 1923 (49.2%) 285 (19.4%)***

On insulin, n (%) 987 (27.0%) 618 (35.7%)*** 1003 (28.9%) 602 (31.6%)* 1313 (33.6%) 292 (19.9%)***

On metformin, n (%) 2480 (67.9%) 1082 (62.6%)*** 2439 (70.2%) 1123 (58.9%)*** 2628 (67.2%) 934 (63.5%)*

On sulfonylureas, n (%) 1717 (47.0%) 786 (45.5%)™ 1630 (46.9%) 873 (45.8%)™ 1682 (43.0%) 821 (55.8%)***

On thiazolidinediones, n (%) 103 (2.8%) 28 (1.6%)** 90 (2.6%) 41 21%)™ 53 (1.4%) 78 (5.3%)%***
CVREF and medical history

Current smoker, n (%) 592 (16.2%) 142 (8.2%)*** 614 (17.7%) 120 (6.3%)*** 523 (13.4%) 211 (14.3%)™

Hypertension, n (%) 2910 (79.7%) 1559 (90.2%)*** 2747 (79.1%) 1722 (90.3%)*** 3402 (87.0%) 1067 (72.5%)%***

Prior ML, n (%) 3283 (89.9%) 1451 (83.9%)*** 3051 (87.8%) 1683 (88.3%)™ 3458 (88.5%) 1276 (86.7%)™

Stroke, n (%) 256 (1.0%) 132 (7.6%)™ 197 (5.7%) 191 (10.0%)*** 294 (7.5%)™ 94 (6.4%)"

Prior HF, n (%) 931 (25.5%) 602 (34.8%)*** 891 (25.7%) 642 (33.7%)*** 1238 (31.7%) 295 (20.1%)***

PAD, n (%) 337(92%) 177 (10.2%)™ 262 (7.5%) 252 (13.2%)*** 445 (11.4%) 69 (4.7%)***
Index ACS event

Myocardial infarction, n (%) 2928 (80.4%) 1224 (70.9%)*** 2696 (77.8%) 1456 (76.6%)™ 2972 (76.3%) 1180 (80.3%)**

Unstable angina, n (%) 712 (19.6%) 502 (29.1%)*** 770 (22.2%) 444 (23.4%)™ 925 (23.7%) 289 (19.7%)**
Interventions

Percutaneous coronary intervention, 2394 (65.6%) 978 (56.6%)*** 2212 (63.7%) 1160 (60.8%)* 2487 (63.6%) 885 (60.2%)*

n (%)

Concomitant CV medications
Aspirin, n (%)
Thienopyridine, n (%)
Statins, n (%)
Beta-blockers, n (%)

ACEi, ARB or both, n (%)
Diuretics, n (%)

3359 (92.0%)
3014 (82.6%)
3343 (91.6%)
2997 (82.1%)
2984 (81.7%)
1238 (33.9%)

1522 (88.0%)%**
1306 (75.5%)%**
1523 (88.1%)%**
1414 (81.8%)™
1427 (82.5%)™
776 (44.9%)%+*

3170 (91.3%)
2825 (81.3%)
3172 (91.3%)
2876 (82.8%)
2819 (81.2%)
1137 (32.7%)

1711 (89.7%)™
1495 (78.4%)**
1694 (88.8%)**
1535 (80.5%)*
1592 (83.5%)*
877 (46.0%)***

3516 (89.9%)
3086 (78.9%)
3512 (89.8%)
3313 (84.8%)
3341 (85.5%)
1566 (40.1%)

1365 (92.8%)**
1234 (83.9%)%**
1354 (92.0%)*
1098 (74.6%)%**
1070 (72.7%)%%*
448 (30.5%)%*x

Data are number (%), or mean (SD)

*<0.5, ¥*<0.01, ***<0.001
>0.5
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White (76.1% vs 70.8%, p <0.001) and had more severe
T2D. Older patients received less concomitant CV medica-
tions (antiplatelet therapy, statins and beta-blockers) than
younger patients, but a higher proportion were receiving
diuretics as well. In comparison to White patients, non-
White patients had a shorter duration of T2D and were
less frequently on insulin. There was a higher percentage
of non-White patients taking antiplatelet therapies and
statins, but a smaller proportion of patients taking beta
blockers, ACEI/ARBs and diuretics. Of note, some by-
race differences in treatments might be subjected to local
clinical practices (i.e., insulin is less often used in some
Asian countries).

Baseline clinical biomarkers at randomisation by sex, age
and race are shown in Table 2. Women, older patients and
non-White patients had lower eGFRs and higher baseline
BNP concentration in comparison to men, younger partici-
pants and White patients, respectively. Troponin levels were
higher in male, older and non-White participants, in com-
parison to female, younger and White patients, respectively.

Study outcomes

Survival curves for each outcome according to sex, age and
race are shown in Figs. 1 and 2. Briefly, women and older

Table 2 Baseline clinical biomarkers by sex, age and race

patients showed higher rates of MACE (CV death, nonfatal
MI or stroke) than men and younger patients, respectively,
whereas there was no significant difference between White
and non-White patients. In contrast, there was a higher rate
of the heart failure events (CV death or HFH) in all the
traditionally underrepresented groups (women, older and
non-White) compared to the more commonly represented
groups. The unadjusted incidence rates and incidence rate
differences for both MACE and HF events according to age,
sex and race, are shown in Table 3. Of note, within the non-
White patient group, the Black patient subgroup in EXAM-
INE had the highest risk of both MACE and heart failure
hospitalization.

The association between each group and the two
composite endpoints were modified after taking into
account potential confounders and stratifying the model
for geographic region and baseline renal function at
baseline (Fig. 3). For MACE, there was no difference in
adjusted risk between women and men (HR =1.03, 95%
CI10.87-1.22, p=0.76) nor between older and younger
patients (HR =1.14, 95% C10.96-1.36, p=0.13), whereas
there was a higher adjusted risk of MACE for non-White
in comparison with White patients (HR =1.35, 95%
CI1.04-1.75, p=0.023). In contrast, for the composite
of HF events, there was a nearly significant increased

Sex Age Race
Male Female <64 >65 White Non-White
Renal function
eGFR (mL/ 73.8 (20.8) 64.8 (21.5)%** 76.1 (20.8) 61.6 (19.3)%:** 71.3 (20.8) 69.9 (22.8)*
min/1.73 m?)
eGFR <60 mL/ 884 (24.2%) 681 (39.4%)*** 679 (19.6%) 886 (46.5%)*** 1096 (28.0%) 469 (31.9%)**
min/1.73 m?
Lipids
Total cholesterol 148.5 (41.2) 166.7 (46.5)*** 153.9 (44.2) 155.1 43.1)™ 155.4 (44.7) 151.5 (41.3)**
(mg/dL)
HDL cholesterol 41.3(9.7) 47.0 (11.3)%%** 41.9 (10.0) 45.3 (11.2)%%** 43.7 (10.4) 41.6 (10.9)%#*
(mg/dL)
LDL cholesterol 75.2 (32.9) 85.9 (37.4)*** 77.9 (34.3) 79.9 (35.5)™ 78.1 (35.2) 80.0 (33.6)™
(mg/dL)
Triglycerides (mg/ 162.4 (105.9) 169.2 (99.6)* 172.4 (115.7) 150.3 (76.2)*** 169.9 (108.3) 150.5 (89.8)***
dL)
Cardiac biomarkers
Baseline BNP 81.7 (37.7,177.5) 98 (43.2,211.7)*** 71.8 (33.3, 159) 118.3 (57.0, 86.9 (38.5, 182.0) 88.5 (41.8, 217.2)*
concentration 239 .4)%#**
(ng/mL)

Hs-troponin I con- 9.4 (4.8, 21.0)

centration (pg/mL)

8.0 (3.7, 17.9)*%**

8.2 (4,18.9)"

10.5 (5.7, 21.9)*** 8.4(4.3,17.9) 11 (5.2,27.3)***

Data are median (IQR), number (%), or mean (SD)
*<(0.5, **<0.01, ***<0.001
>0.5
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Fig. 1 Kaplan—Meier survival A
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p=0.009) and for non-White patients (HR =1.56, 95%

CI1.13-2.14, p=0.006). Online Resource 1 shows
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Fig.2 Kaplan—Meier survival
curves for cardiovascular death
(CVD) or heart failure hospitali-
zation (HFH) by sex, age and
race. Dashed lines for women,
older and non-White patients

A Sex-differences in heart failure events (CVD or HFH)
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Risk of events by patient profile: additive value
of sex, age and race

patient profiles by adding the adjusted risk provided from
each risk factor (Fig. 5). In comparison with a younger
White male (reference group not belonging to any histori-

An increasing risk of both MACE and HF events was
observed with increasing number of risk factors (women,
older and non-White patients) (Fig. 4). Moreover, we esti-
mated the individualized risk for each of the eight potential
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cally underrepresented group), the adjusted risk for MACE
was increased by 58% for an older, non-White female.
Similarly, for HF events, the adjusted risk was increased by
108% and by 155% in non-White older male and non-White
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Table 3 Time at risk, number of
events and estimated incidence

100 person-year at

Number of events

Incidence rate

Absolute difference

risk (95% CI) in rates (95% CI)
rates (95% CI) for MACE and
HF events MACE
Male 5521.7 392 7.1(6.4-7.8) 2.0(0.7-3.4)
Female 2511.2 229 9.1 (8.0-10.4)
<64y.0 5298.1 331 6.2 (5.6-7.0) 4.4 (2.3-5.8)
>65y.0 2734.7 290 10.6 (9.5-11.9)
White 5642.2 451 8.0 (7.3-8.3) -09(-22-04)
Non-White 2390.7 170 7.1(6.1-8.3)
White 5642.2 451 8.0 (7.3-8.3) Ref.
Asian 1806.4 107 5.9(4.9-7.2) —-2.1(-3.4-0.7)
Black 318.8 42 13.2 (9.7-17.8) 5.7(1.1-9.2)
Other 265.5 21 7.91 (5.2-12.1) —0.1(-3.5-3.3)
HF events
Male 5687.2 238 4.2 (3.7-4.8) 2.12 (1.1-3.3)
Female 2585.9 164 6.3 (5.4-7.4)
<64y.0 5443.4 195 35@3.114.12) 3.37 (2.6-4.9)
>65y.0 2829.7 207 7.3 (6.4-8.4)
White 5860.8 268 4.6 (4.1-5.2) 0.98 (0.1-2.1)
Non-White 2412.8 134 5.6 (4.7-6.6)
White 5860.3 268 4.6 (4.1-5.2) Ref.
Asian 1811.3 90 5.0 (4.0-6.1) 0.4 (—0.8-1.6)
Black 328.0 29 8.8 (6.1-12.7) 4.2 (1.3-2.8)
Other 273.5 15 5.5(3.3-9.1) 0.9 (-1.9-3.7)

Estimated incidence rates and absolute differences in rates for each outcome by sex, age and race

older female vs the reference group (White younger men),
respectively.

Discussion

In this new analysis from the EXAMINE trial, the risk of
developing a MACE was higher in non-White compared to
White patients after adjustment for potential confounding,
but there were no significant differences in outcomes by sex
and age. In contrast, the risk of HF events was higher in older
and non-White patients, and nominally so also in women.
Moreover, the additive risk of each risk factor (women, older
and non-White patients) was larger for the HF endpoint in
comparison to MACE. When combined, race and age had
additive impact on prognosis with non-White older patients
demonstrating the worst prognosis in both men and women.

Adequate demographic representation within clinical tri-
als is critical for the generalizability of their findings [4].
Although women, older patients and racial minorities were
underrepresented in the EXAMINE trial, they did have a
higher percentage of representation in comparison to many
of the earlier post-ACS trials. In a recent systematic review
[4], the percentage of women and non-White patients in ACS
trials published between 2011 and 2018 were 26.8% and

15%, respectively, whereas these percentages were higher
in the EXAMINE trial (32% and 27%, respectively). In
contrast, the mean age was comparable between these 460
trials and EXAMINE (62.9 vs 60.9 years). In patients with
T2D and ACS from the ELIXA (Evaluation of Lixisenatide
in Acute Coronary Syndrome (ELIXA) trial [25], women,
older patients and racial minorities represented around 31%,
34%, and 25%, respectively, which were similar percentages
to what we observed in our T2D, ACS population from the
EXAMINE trial.

The issue of representativeness is relevant, because each
subgroup has a different CV profile and a different incidence
rates for MACE and HF events. In general, in our study,
women and elderly have greater CV burden but were receiv-
ing less protective CV drugs at baseline. It is notable that the
non-White patients who were primarily from Asian coun-
tries had lower CV risk clinical profiles (shorter duration
of T2D and less insulin, less hypertension, lower rates of
smoking and prior heart failure). Perhaps this might explain
the difference in risk of both MACE and HF events within
the non-White patient group, where the Asian subgroup had
similar rates of events and the Black patient subgroup in
EXAMINE had the highest risk of both MACE and heart
failure hospitalization. Although non-White participants
had higher BNP and troponin levels, and had similar levels
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A Sex-, age- and race-differences in the ischemic endpoint (CVD, Ml or stroke)

No. of No of unadjusted adjusted adjusted
subjects events (%) HR (95 Cl1%) HR (95 C1%) p-value
H
Women vs men | 1,729 vs 3,651 229 (13.2%) vs 392 (10.7%) 1.12 (0.95-1.33) 1.03 (0.87-1.22) 0.763
i
—e—
265 yo vs <64 yo | 1,907 vs 3,473 290 (15.2%) vs 331 (9.5%) 1.34 (1.13-1.58) 1.14 (0.96-1.36) 0.128
H—o—
—e—i
Non-white vs White | 1,471vs 3,909 170 (11.5%) vs 451 (11.6%) 1.39 (1.08-1.80) 1.35 (1.04-1.75) 0.023
—e—i
0.5 1 2 4
HR (95% ClI)
B Sex-, age- and race-differences in the heart failure endpoint (CVD or HFH)
No. of No of unadjusted adjusted adjusted
subjects events (%) HR (95 CI%) HR (95 CI%) p-value
—e—
Women vs men | 1,729 vs 3,651 164 (9.5%) vs 238 (6.5%) 1.27 (1.03-1.56) 1.23 (0.99-1.52) 0.057
—e—i
—e—
265yovs <64yo | 1,907 vs 3,473 207 (10.9%) vs 195 (5.6%) 1.53 (1.24-1.87) 1.33 (1.07-1.66) 0.009
—e—i
—e—
Non-white vs White | 1,471vs 3,909 134 (9.1%) vs 268 (6.9%) 1.57 (1.15-2.14) 1.56 (1.13-2.14) 0.006
—e—
0.5 1 2 4

HR (95% Cl)

—— Unadjusted
e Adjusted
(Ref cat)

Men, <64 yo, or white

Fig. 3 Forest plot with crude and adjusted HRs for MACE (a) and HF
events (b) by sex, age and race. Both unadjusted and adjusted HR are
plotted in this figure. Cox proportional-hazards models were used to
evaluate the time to the first occurrence of both composite outcomes
among all randomly assigned patients, with stratification according
to geographic region and renal function at baseline [16]. Multivari-

of HbAlc, also suggesting a higher risk profile at baseline,
some differences between countries as to who was receiving
standard of care at baseline might also have played a role in
some of our findings.

Based on our findings, reporting data according to sex,
age and race in a post-ACS population of patients with T2D
have revealed a higher number of subgroup differences in
HF events than in MACE. In addition to the obvious clini-
cal implications, this information might be helpful for the
design of future RCTs by setting a more accurate sample size

@ Springer

ate models were adjusted for sex, age, race, smoking, diabetes dura-
tion, previous MI, previous HF hospitalization, previous stroke, atrial
fibrillation, hypertension, systolic blood pressure, statin therapy, and
study treatment (alogliptin or placebo) allocation, available for 5356
patients (99.6%)

estimation as well as by selecting an adequate endpoint. In
the light of our findings, the inclusion of HF events should
be considered in composite outcomes for future RCTs in
post-ACS T2D patients.

Describing clinical characteristics and treatment effect
(subgroup analyses) by sex, age and race improves the inter-
pretation of the findings and have the potential to eventually
translate into more personalized guidelines [11]. Strong evi-
dence already exists that T2D confers a higher excess risk
of CV diseases in women than in men, with women having
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MACE HF events

30+
< 1.97
> 147 (1:31-2.98) 2.92
2 “ 1.7-1 86) 18.8% (1.83-4.64)
g 201 116 0T 187 4749
o 0.95-1.42) 14-6% (1.38-2.54) [
ks Ref. ( '11 20; 1.47 B
g, 9.3% - (1.12-1.95) 10.6%
3 107 Ref. 7.6%
@ 4.4%
o
[0
o

0 1 2 3 0 1 2 3
Number of events 164 258 166 33 77 175 120 30
Number of patients 1,759 2,311 1,134 176 1,759 2,311 1,134 176

Fig.4 Risk for MACE and HF events by number of demographic risk categories. Estimated risk by number of risk categories (women, older and
non-White). Hazard ratios compared to the referent group with 95% confidence intervals are depicted above each bar

A Incremental risk by sex, age and race for MACE (CVD, M or stroke)

No. of No of adjusted adjusted
subjects  events (%) HR (95 Cl%) p-value
Men white <64 yo ® 1,759 164 (9.3%) Ref cat.
Men white 265 yo Ho— 841 126 (15.0%)  1.14 (0.96-1.36) 0.128
Men non-white <64 yo —e—i 771 61 (7.9%) 1.35 (1.04-1.75) 0.023
Men non-white 265 yo —e—i 280 41 (14.6%) 1.54 (1.12-2.12) 0.008
Women white <64 yo —— 699 71 (10.2%) 1.03 (0.87-1.22) 0.763
Women white 265 yo H—o—1 610 90 (14.8%) 1.17 (0.93-1.49) 0.182
Women non-white <64 yo —e——i 244 35 (14.3%) 1.39 (1.02-1.88) 0.037
Women non-white 265 yo —e—i 176 33 (18.8%) 1.58 (1.11-2.25) 0.011
0.5 1 2 4
HR (95% Cl)
B Incremental risk by sex, age and race for HF events (CVD or HFH)
No. of No of adjusted adjusted
subjects  events (%) HR (95 ClI%) p-value
Men white <64 yo ® 1,759 77 (4.4%) Ref cat.
Men white >65 yo —e—i 841 83 (9.9%) 1.33 (1.07-1.66) 0.009
Men non-white <64 yo —e— 771 45 (5.8%) 1.56 (1.13-2.14) 0.006
Men non-white >65 yo —e— 280 33 (11.8%) 2.08 (1.40-3.09) <0.001
Women white <64 yo —eo—i 699 47 (6.7%) 1.23 (0.99-1.52) 0.057
Women white >65 yo —e—i 610 61 (10.0%) 1.64 (1.22-2.19) 0.001
Women non-white <64 yo —— 244 26 (10.7%) 1.91 (1.31-2.79) 0.001
Women non-white >65 yo —— 176 30 (17.1%) 2.55 (1.65-3.96) <0.001
0.5 1 2 4
HR (95% Cl)
Fig.5 Incremental risk by patient profile based on sex, age and race. at baseline [16] and adjustment for sex, age, race, smoking, diabetes
Adjusted HRs for all combinations of age, age and race are plotted in duration, previous MI, previous HF hospitalization, previous stroke,
this figure. Wald tests for linear combinations using cox proportional- atrial fibrillation, hypertension, systolic blood pressure, statin therapy,
hazards models were used to evaluate the time to the first occurrence and study treatment (alogliptin or placebo) allocation. This complete
of both composite outcomes among all randomly assigned patients, case analysis was performed using 5356 patients (99.6%)

with stratification according to geographic region and renal function
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a 27% higher relative risk of stroke and a 44% higher rela-
tive risk of coronary heart disease compared with men [1].
Whereas it is known that older patients will have poorer
outcomes than younger patients [4, 11], there is an urgent
need for evidence on race-based CV outcome differences in
patients with T2D [26]. Understanding by-sex, age, and race
differences in terms of number and type of outcomes should
be useful for clinical-decision making in light of recent trial-
based evidence of new antidiabetic drugs reducing cardio-
vascular outcomes including the glucagon-like peptide 1
receptor agonists (GLP1-RA) and sodium—glucose cotrans-
porter-2 inhibitors (SGLT21i) [14, 27]. Nevertheless, there is
little evidence regarding differences in treatment effect by
demographics due to the overall lack of statistical power of
these analyses, which is enhanced by the gap in full repre-
sentation of the subgroups.

In our study, the risks of CV outcomes (either MACE or
HF endpoint, or both) were additive in women, older and
non-White patients, despite some of the subgroups did not
show statistical significance by themselves when evaluated
separately. Although the incremental risk associated with
aging is biologically plausible and expected, the mechanisms
that underpin these sex- and race differences are not fully
understood. Some of the excess risk may be the result of a
disparity in the management and treatment of diabetes and
ACS, to the detriment of women, and non-White patients
[28, 29]. Older patients may also receive sub-optimal ther-
apy more frequently. However, accruing evidence suggests
that real biological differences might also drive these dif-
ferences, particularly for sex- and age-related differences
[1, 11]. Furthermore, sex-, age- and race differences are
well-documented in the response to drugs { pharmacokinet-
ics and pharmacodynamic change with body fat distribution
and renal function, among many other factors [23, 30, 31] },
though there is not much evidence on the influence of these
mechanisms from CV outcome trials. Importantly, there may
also be differences in healthcare access and income inequal-
ity that might influence outcomes by subgroups [26, 32].

Study limitations

Our study should be considered within the context of its
limitations. Our findings can be only extrapolated to patients
with T2D who had a recent ACS, and the prognostic rela-
tionship with each sex-, age- and race-clinical profile may
not be applicable to non-T2D patients with ACS. Further-
more, there were few non-White female patients, result-
ing in wide CIs around the incremental estimated risk for
both younger and older patients. Some relevant data were
missing, such as the type of myocardial infarction (with or
without ST-segment elevation), the severity of the coronary
disease, or whether some patients received fibrinolysis. We
did not reported details about the type of composition of

@ Springer

secondary prevention medications, though we adjusted the
model for these factors in several ways. Moreover, some
unknown residual confounding might not be addressed by
our statistical approach, despite our efforts to adjust for
known risk factors with the use of multivariate modelling.
Nevertheless, we stratified the Cox models by geographic
regions, given the well-known differences in both manage-
ment and clinical outcomes in patients with ACS [33, 34].

Finally, the study was underpowered to evaluate interac-
tions between subgroups (i.e., sexXage) as well as to use
a higher cut-off value for selecting older patients. Never-
theless, this is one of the largest T2D cohorts showing the
influence of sex, age and race on coronary and heart failure
events in this setting.

Conclusions

There is a need to improve trial representativeness of histori-
cally underrepresented groups based on sex, age and race in
registries and trials of post-ACS patients with T2D, given
that they have different clinical profiles and some of them
have differences in the incidence of subsequent cardiovas-
cular outcomes. The risk of MACE was higher in non-White
compared to White patients after adjustment for potential
confounding, but there were no significant differences by
sex and age. In contrast, the risk of HF events was higher in
older and non-White patients, and nominally so for women
compared to men. The additive risk of multiple risk cat-
egory (women, older and non-White patients) was larger for
the HF endpoint in comparison with the ischemic endpoint.
These findings are clinically relevant in the light of recent
evidence from major cardiovascular outcome trials show-
ing successful treatment effects of glucose-lowering agents
in high-risk patients with T2D [14, 15] and might have an
impact on the design of future RCTs in post-ACS patients
with T2D. Although there is no clear evidence of differ-
ent treatment effects by subgroups, there are differences in
rates of outcomes which might benefit some subgroups in
absolute terms.

Our work adds information to the importance in enrolling
older study participants, more women and ethnically diverse
patients in CV clinical trials to enhance representativeness,
and facilitate applicability of trial results to these under-
represented groups of patients. Enrolling older, female and
non-White patients may contribute to enriching the event
rate in CV trials, and may decrease the trial sample size
requirements.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00392-021-01859-2.
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