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Atherosclerotic Events in Type 2
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BACKGROUND

Emerging evidence points to heart failure as being a common first presentation of
cardiovascular (CV) disease in type 2 diabetes.

PURPOSE

The purpose of this study was to determine whether hospitalization for heart failure
(HHF) occurs more or less frequently than major adverse CV events (MACE) in people
with type 2 diabetes.

DATA SOURCES
Placebo arms of CV outcomes trials in type 2 diabetes were included.

STUDY SELECTION

Sixteen CV outcomes trials were selected, including five dipeptidyl peptidase 4
inhibitor trials, seven glucagon-like peptide 1 receptor agonist trials, and four
sodium—glucose cotransporter 2 inhibitor trials.

DATA EXTRACTION

We extracted incidence rates of HHF, myocardial infarction (Ml), stroke, and the
composite outcomes of CV death or HHF and MACE (CV death, nonfatal Mi, or
nonfatal stroke).

DATA SYNTHESIS

In two trials enriched with people with chronic kidney disease, HHF was more
common than both Ml and stroke. Among the remaining 14 trials, HHF was less
frequent than Ml in 13 (93%), with this difference being significant in 8 (57%);
however, HHF surpassed stroke in all but 1 study (93%; significantin 7 studies [50%]).
Heterogeneity among trials was moderate/high (I* >50%) and partly explained by
HHF/MI correlating with age and previous Ml history (P < 0.05). In seven trials that
reported events stratified by presence/absence of preexisting CV disease, ratios of
HHF/MI and HHF/stroke were similar between groups.

LIMITATIONS

Enrichment of trial populations with those at high risk of CV events limits
generalizability.

CONCLUSIONS

Although less frequent than MI, HHF is a common event in type 2 diabetes, both in
those with and those without prior CV disease.
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Heart failure in people with type 2 di-
abetes has a poor prognosis marked by
worse mortality outcomes than in many
other diabetes-related cardiovascular (CV)
diseases, including myocardial infarction
(MI) (1). The extent to which heart failurein
type 2 diabetes reflects antecedent ische-
mic or other concurrent heart disease, or
is a direct consequence of diabetes per se
(“diabetic cardiomyopathy”), remains con-
tentious (2). Regardless of the etiology,
there appears to be a sizeable proportion of
individuals with type 2 diabetes for whom
heart failure represents the first presen-
tation of CV disease. Indeed, in a U.K.
primary care—based study of 34,198 in-
dividuals with type 2 diabetes without
prior CV disease, heart failure was amore
frequent initial presentation of CV dis-
ease than was nonfatal Ml (14.1% vs.
11.5% of presentations) (3). However, a
limitation of these estimates, and indeed
of most epidemiological studies examin-
ing heart failure in diabetes, is a reliance
on clinical and administrative coding
and the inherent subjectivity involved in
heart failure diagnoses. Since adjudica-
tion by independent clinical events com-
mittees is the gold standard for assessing
heart failure (4,5), a more robust de-
termination of the incidence of heart
failure relative to other CV events in
type 2 diabetes may come from clinical
trials. Although atherosclerotic CV dis-
ease continues to be the primary focus of
trials of new glucose-lowering therapies,
asreflected by three-point major adverse
CV events (MACE) (i.e., nonfatal Ml, non-
fatal stroke, or CV death) persisting as the
preferred primary end point, hospitali-
zation for heart failure (HHF) has also
been consistently reported in recent
years (1). However, to our knowledge,
the incidence of HHF in these trials
relative to traditional MACE has not
been examined. We therefore extracted
data on HHF and other CV events from
the placebo arms of CV outcomes tri-
als in type 2 diabetes that have been
conducted since the 2008 mandate by
regulatory authorities for new glucose-
lowering treatments to demonstrate CV
safety (6) (the definition of HHF having
remained relatively consistent since this
guidance was introduced [7]). The in-
cidence of HHF relative to M, stroke,
and other relevant end points was as-
sessed both overall and after stratifica-
tion according to CV disease history.

METHODS

Study Selection

CV outcomes trials conducted in type 2
diabetes after the 2008 guidance (6) are
well documented (n = 16) and cover
three major classes of glucose-lowering
drugs: dipeptidyl peptidase 4 inhibitors
(DPP4is) (i.e., SAVOR [Saxagliptin Assess-
ment of Vascular Outcomes Recorded
in Patients with Diabetes Mellitus] [8],
EXAMINE [Examination of Cardiovascular
Outcomes With Alogliptin Versus Stan-
dard of Care] [9], TECOS [Trial Evaluating
Cardiovascular Outcomes With Sitagliptin]
[10], OMNEON [Study to Assess Cardio-
vascular Outcomes Following Treatment
With Omarigliptin (MK-3102) in Partic-
ipants with Type 2 Diabetes Mellitus]
[11], and CARMELINA [Cardiovascular and
Renal Microvascular Outcome Study With
Linagliptin] [12]), glucagon-like peptide
1 receptor agonists (GLP-1RAs) (ELIXA
[Evaluation of Lixisenatide in Acute Cor-
onary Syndrome] [13], LEADER [Liraglu-
tide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome
Results] [14], SUSTAIN-6 [Trial to Eval-
uate Cardiovascular and Other Long-
Term Outcomes With Semaglutide in
Subjects With Type 2 Diabetes] [15],
EXSCEL [Exenatide Study of Cardiovascular
Event Lowering] [16], HARMONY [Albi-
glutide and Cardiovascular Outcomes
in Patients With Type 2 Diabetes and
Cardiovascular Disease] [17], REWIND
[Researching Cardiovascular Events with
a Weekly Incretin in Diabetes] [18], and
PIONEER 6 [Trial Investigating the Car-
diovascular Safety of Oral Semaglutide
in Subjects With Type 2 Diabetes] [19]),
and sodium—glucose cotransporter 2 inhib-
itors (SGLT2is) (EMPA-REG OUTCOME [BI
10773 (Empagliflozin) Cardiovascular Out-
come Event Trial in Type 2 Diabetes Mellitus
Patients] [20], CANVAS [Canagliflozin Car-
diovascular Assessment Study Program]
[21], DECLARE [Dapagliflozin Effect on
Cardiovascular Events] [22], and CREDENCE
[Canagliflozin and Renal Events in Di-
abetes with Established Nephropa-
thy Clinical Evaluation] [23]). The strategy
to identify and synthesize data for the
current meta-analysis was therefore based
on sourcing results from these known trials
rather than a de novo literature search to
identify potentially eligible studies (which
would include older trials with noncon-
cordant heart failure end points) (7). All
16 trials met the following selection

Sacre, Magliano, and Shaw 2615

criteria: 1) study population restricted
to adults with type 2 diabetes; 2) in-
clusion of a placebo arm; and 3) CV
outcomes including (at a minimum)
HHF, MI, and stroke and all adjudicated
according to definitions consistent with
American College of Cardiology Founda-
tion/American Heart Association recom-
mendations (24).

Data Sources and Searches

Relevant data were extracted from mul-
tiple sources. First, we performed a
PubMed search for all published articles
arising from the 16 trials. The search
strategy combined trial acronym and
drug name terms (e.g., “REWIND” +
“dulaglutide”), with results limited to
reports of clinical trials and published no
earlier than September 2013 (i.e., when the
first of these trials [SAVOR and EXAMINE]
were published). As of May 2020, 151 ar-
ticles were returned by this search. In
extracting data, we prioritized those ar-
ticles that reported on the trial’s primary
end points. When specific variables or
relevant subgroup results were missing,
we scrutinized each of the following: 1)
secondary trial publications identified in
our search, 2) data publicly available on
the trial’s website (including links to pub-
lished abstracts), 3) reports on the web-
sites of the sponsoring pharmaceutical
company or relevant regulatory author-
ities (U.S. Food and Drug Administration
and European Medicines Agency), and 4)
requests submitted directly to the study
investigators or sponsor (for any out-
standing missing dataitems). Full details
of trial-specific data sources are described
in the Supplementary Material.

Data Extraction

M, stroke, HHF, and related composite
end points, including “CV death or HHF”
and three-point MACE (M, stroke, or CV
death), were extracted from the placebo
arms of each trial. For individual events,
incidence rates reflected the total num-
ber of participants who had the event
during trial follow-up, not just the num-
ber of participants for whom the event
was the first occurrence of a component
of a composite end point (e.g., incidence
rates of Ml reflected the total number
of participants who experienced one or
more Mls during the trial rather than the
smaller number of participants for whom
MI was the first MACE). To maximize
between-trial consistency, incidencerates
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of MACE and its individual components
exclusive of silent Mls and fatal events
were prioritized (further details provided
in the Supplementary Material, including
Supplementary Figs. 1 and 2). For trials
that reported results separately in in-
dividuals with established CV disease
at baseline and in those with multiple
risk factors (MRFs) for CV disease, sub-
group-level incidence rates were also de-
rived (specific eligibility criteria for these
subgroups are listed in Supplementary Table
1). We then calculated the following in-
cidence rate ratios (IRRs) and corresponding
95% Cls: HHF/MI, HHF/stroke, and “CV
death or HHF”/MACE.

The following baseline clinical charac-
teristics were extracted (for both the
total population and each study sub-
group, where available): mean age; BMI;
glycated hemoglobin; diabetes duration;
male/female distribution; proportions
with established CV disease, history of
MI, cerebrovascular disease, heart fail-
ure, and chronic kidney disease (CKD)
(albuminuria and estimated glomerular
filtration rate [eGFR] <60 mL/min/1.73
m?); and proportion treated with insulin.
Where these characteristics were un-
available for the placebo group only,
summary data from the whole trial co-
hort were used.

Data Synthesis and Analysis

IRRs were pooled through random-effects
meta-analysis using Stata 14 statistical
software (StataCorp, College Station, TX).
Heterogeneity was quantified by the i
and Cochran Q method, with /% thresh-
olds of 25%, 50%, and 75% interpreted as
indicating low, moderate, and high het-
erogeneity, respectively. Meta-regression
was conducted to understand the rela-
tionship between IRRs and trial design/
population factors. Comparisons of IRRs
between CV disease and MRF subgroups
were made through meta-regression
modeling that tested for the effect of
subgroup (CV disease vs. MRF) after ac-
counting for the between-trial variation
and subgroup-level covariates (e.g., per-
cent male within the CV disease and MRF
subgroups). P < 0.05 was considered
statistically significant.

RESULTS

Characteristics of the 16 trial population
placebo arms are displayed in Table 1.
Two trials (CARMELINA and CREDENCE)
were specifically enriched for participants

with CKD (~60% with eGFR <60 mL/
min/1.73 m? vs. 9-30% otherwise). Of
the remaining 14 trials, 6 included only
participants with established CV disease,
and 8 featured both CV disease and MRF
subgroups (where MRF as a proportion of
the total ranged from 21% in SAVOR to
69% in REWIND). Mean age (range 60-66
years) and BMI (range 29-33 kg/m?)
were similar across all trials, as were
proportions of men (range 60-72%, ex-
cept for REWIND at 54%) and White race/
ethnicity (66—-85%). More variation was
noted with respect to diabetes duration
(range 7-16 years), glycated hemoglobin
(7.2-8.7%), and proportions treated with
insulin (23—65%). History of heart failure
at baseline ranged from 9% to 28%. The
pooled population (n = 69,031) had a
median follow-up ranging from 1.3t0 5.4
years, during which 3,269 participants
experienced a nonfatal Ml, 1,720 expe-
rienced a nonfatal stroke, and 2,455 had
an HHF event. Supplementary Fig. 3 dis-
plays the incidence rates of these events,
by trial.

HHF Relative to MI

IRRs for HHF/MI are displayed in Fig. 1A.
Data for the two CKD-enriched trials were
pooled separately given that they dem-
onstrated substantively higher ratios than
non—CKD-enriched trials (P = 0.001, with
HHF > Ml in both CKD-enriched trials).
Although high heterogeneity (1> = 86.7%;
P < 0.001) among the remaining 14 trials
precluded a reliable single pooled esti-
mate of the IRR, Ml was the more common
event in all but 1 trial (93%), with the
difference being statistically significant
in 8 trials (57%). After adjusting for CKD
enrichment as a categorical covariate
(i.e., to adjust for the divergent results
in CARMELINA and CREDENCE), meta-
regression models demonstrated signif-
icant associations of HHF/MI with age
(13% higher per 1-year increase [5-21%])
and Ml history (8% higher per 10% lower
proportion with prior MI [1-14%]). How-
ever, these covariates accounted for a
relatively small proportion of the total
heterogeneity (residual /> = 70%). Bor-
derline significant associations were also
detected with male/female distribution
(31% higher HHF/MI per 10% lower pro-
portion of men [—6%to 82%]; P = 0.099),
baseline CV disease history (7% higher
HHF/MI per 10% lower proportion with
prior CV disease [0% to 15%]; P = 0.063),
baseline heart failure history (25% higher

HHF/MI per 10% lower proportion with
prior heart failure [—4% to 62%]; P =
0.091), and enrollment of a post—acute
coronary syndrome population (i.e., the
two trials ELIXA and EXAMINE, in which
HHF/MI trended lower vs. all others; P =
0.076). Meta-regression results were sim-
ilar in sensitivity analyses restricted to the
14 non—CKD-enriched trials.

HHF Relative to Stroke

IRRs for HHF/stroke are displayed in Fig.
1B. CKD-enriched trials again demon-
strated elevated ratios (P = 0.006 vs. all
other trials), with HHF being the more
common event. In the other 14 trials,
HHF also tended to be more frequent
than stroke (93% of trials), with 7 (50%)
demonstrating a statistically significant
difference. However, moderate/high het-
erogeneity (> = 70.5%; P < 0.001) again
precluded the calculation of a reliable
pooled estimate for the magnitude of
this difference, with meta-regression in-
dicating a higher ratio of HHF/stroke in
the ELIXA and EXAMINE trials of post—
acute coronary syndrome patients (P =
0.004 vs. all others). No other associa-
tions were observed, although higher
HHF/stroke correlated with a higher pro-
portion of participants with eGFR <60
mL/min/1.73 m? among the 14 trials
not enriched for people with CKD (20%
higher HHF/stroke ratio per 10% higher
proportion with reduced eGFR [2-42%];
P = 0.033).

“CV Death or HHF” Relative to MACE

Incidence of the composite of CV death or
HHF was comparable to MACE in the two
CKD trials but lower in all others (P <
0.001 for CKD-enriched vs. non—-CKD-
enriched trials) (Fig. 2). SUSTAIN-6 and
PIONEER 6 did not report on the CV death
or HHF composite end point and so were
excluded from this analysis. Less het-
erogeneity was observed compared with
IRRs for the individual events, albeit still
moderate (/> = 58%). However, no asso-
ciations with trial population character-
istics were detected on meta-regression.

Established CV Disease Versus MRF

Incidence rates of HHF, MI, and stroke in
CV disease and MRF subgroups were
extracted for 7 of 10 trials that included
both participant subtypes (SAVOR, CAR-
MELINA, and PIONEER 6 being the omit-
ted trials that included MRF cohorts but
for which subgroup-level data were
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A Trials IRR (95% CI) Wt (%)
SAVOR —a— 0.88(0.73,1.05) 7.88
EXAMINE — 0.51 (0.39,0.65) 7.15
TECOS —— 0.76 (0.64,0.90) 7.93
OMNEON —_— 0.56 (0.37,0.86) 5.40
ELIXA — 0.49 (0.39,0.60) 7.57
LEADER —a— 0.90 (0.76, 1.07) 7.94
SUSTAIN-6 ——— 0.90 (0.62, 1.30) 5.99
EXSCEL —a— 0.48 (0.41,0.56) 8.06
HARMONY —_— 0.46 (0.37,0.58) 7.45
REWIND —— 1.17 (0.96, 1.42) 7.70
PIONEER-6 0.77 (0.45,1.31) 4.45
EMPA-REG —a— 0.79 (0.60, 1.03) 7.01
CANVAS — 0.75(0.59,0.95) 7.34
DECLARE —a— 0.65(0.56,0.75) 8.12
Subtotal not reported due to

|-squared = 86.7% *

CKD-enriched trials :
CARMELINA —— 1.67 (1.35,2.07) 61.10
CREDENCE —— 1.62(1.24,2.12) 38.90
Subgroup (l-squared = 0.0%) <> 1.65 (1.40, 1.95) 100.00

T T T T

3 9 2 3

b —_—
MI more frequent HHF more frequent

B Trials IRR (95% CI) Wt (%)
SAVOR — 1.85(1.49,2.31) 8.39
EXAMINE —_— 2.41(1.64,3.53) 5.58
TECOS —a— 1.25(1.03,1.52) 8.85
OMNEON e 0.97 (0.60, 1.57) 4.37
ELIXA —_— 212 (1.56,2.88) 6.79
LEADER —a— 1.40(1.16,1.70) 8.88
SUSTAIN-6 —_— 1.23(0.82,1.83) 5.38
EXSCEL —-— 1.20(0.99, 1.45) 8.91
HARMONY —a— 1.03(0.79,1.34) 7.54
REWIND —— 1.23(1.01,1.51) 8.71
PIONEER-6 1.50(0.80,2.83) 3.01
EMPA-REG —_—— 1.568 (1.15,2.19) 6.52
CANVAS —— 1.03(0.80,1.33) 7.74
DECLARE —— 1.11(0.93,1.31) 9.32
Subtotal not reported due to

I-squared = 70.5% *
CKD-enriched trials
CARMELINA —l— 3.10(2.38,4.03) 51.50
CREDENCE —— 2.14 (1.59, 2.86) 48.50
Subtotal not reported due to
I-squared = 70.7% *
T T T T
5 1 2 3 4

<

<

Stroke more frequent

HHF more frequent

Figure 1—Meta-analysis of the IRR of HHF relative to Ml (A) and HHF relative to stroke (B). Forest plots are stratified by whether trials were enriched
for participants with CKD. *Moderate-high heterogeneity precluded a reliable single pooled estimate of the IRRs for the 14 non—CKD-enriched trials
and of the HHF/stroke ratio for the 2 CKD-enriched trials. Error bars indicate 95% Cls. Wt, weight.

unavailable) (Fig. 3A). Baseline character-
istics of the CV disease and MRF sub-
groups within each trial are displayed in
Supplementary Table 2, with the most

notable between-group differences be-
ing in proportions of participants who
were male and who had prior heart fail-
ure (both being higher in the subgroups

with CV disease). The HHF/Ml ratio tended
to be higher in the MRF group than in the
CV disease group in most studies (P =
0.051 for MRF vs. CVD overall) (Fig. 3B);
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Figure 2—Meta-analysis of the IRR of “CV death or HHF” relative to MACE. The forest plot is
stratified by whether trials were enriched for participants with CKD. The MACE composite end
pointincluded any of CV death, Ml, or stroke. Error bars indicate 95% Cls. Note that SUSTAIN-6 and
PIONEER 6 did not report the CV death or HHF composite end point and were not included in this
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however, this difference was attenuated
after adjustment for sex and prior heart
failure. HHF/stroke trended lower in the
MRF group (P = 0.068 for MRF vs. CVD
overall) (Fig. 3C), but the difference was
again not apparent following adjustment
for the same covariates.

DISCUSSION

In this meta-analysis of 16 CV outcomes
trials conducted in participants with type
2 diabetes at high risk of CV events, we
observed HHF to be less frequent than
Ml in all but three, two of which were
enriched for CKD. Heterogeneity of the
pooled estimates precluded more pre-
cise quantitation but appeared to be
driven in part by variation in predictive
clinical factors. CKD was a strong effect
modifier, with HHF incidence substan-
tially elevated relative to both Ml and
stroke in the two trials enriched with
people with CKD. Consequently, the com-
posite end point of CV death or HHF
reached parity with the incidence of
MACE in these trials. Notably, the in-
cidence of HHF relative to both Ml and
stroke was similar in participants with
and without established CV disease after
accounting for between-group differen-
ces in clinical characteristics.

Frequency of Heart Failure in Clinical
Trials in Type 2 Diabetes

Heart failure is often referred to as a
“common” manifestation of CV disease
in individuals with type 2 diabetes (25);
however, the difficulty of its diagnosis has
made quantitation difficult. Since obser-
vational studies have typically relied on
hospital episode coding or investigator
self-report, both of which are subject
to bias, independently adjudicated heart
failure end points in clinical trials may
provide the most robust estimates of
frequency (5,26). However, while such
end points have been featured in trials
of glucose-lowering therapy for almost
two decades (7), substantive variability in
definitions has presented a major chal-
lenge to data pooling and historical com-
parisons of event rates (4,5). In the setting
of a recent systematic review indicating
that HHF adjudication has been relatively
consistent throughout the past decade
(7), we performed a meta-analysis of
contemporary CV outcomes trials that
deliberately excluded older/less compara-
ble data. Although specific trial selection
is unconventional for a meta-analysis,
those included were readily identifiable
in that they represented all DPP4i, GLP-
1RA, and SGLT2i outcomes trials conducted
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after the 2008 regulatory guidance con-
cerning the requirement for new glucose-
lowering therapies to demonstrate CV
safety (27). All 16 trials used a defini-
tion of HHF that mandated a minimum
length of stay, signs/symptoms of heart
failure (incorporating physical examina-
tion findings and objective imaging/
laboratory data), and initiation or inten-
sification of anti—heart failure therapy
(as per American College of Cardiology
Foundation/American Heart Association
guidance on CV event definitions [24]).
However, it is important to recognize
some limitations carried by these HHF
outcome data: 1) The incidence of HHF
likely underestimates the overall burden
of heart failure because of the exclusion
of cases managed in the outpatient set-
ting; 2) a lack of detailed phenotyping
precluded any opportunity to examine
hospitalization for specific heart failure
subtypes (e.g., heart failure with reduced
vs. preserved ejection fraction, ischemic
vs. nonischemic); and 3) the extent to
which incident HHF reflected new-onset
heart failure versus exacerbation of ex-
isting heart failure is unclear given that
prior heart failure at baseline relied on
investigator self-report rather than on
the same level of rigorous adjudication
criteria applied to in-trial episodes of
HHF.

Our results are nonetheless supportive
ofa2014review that was partly relianton
older trials that either did not define or
did not prospectively adjudicate heart
failure (1). Although pooled estimates
were not reported in that review, heart
failure wasinterpreted to occurata “sim-
ilar” frequency to Ml and stroke, albeit
with some variation dependent on trial
entry criteria. In the present analysis,
HHF was the second most frequent non-
fatal CV event in type 2 diabetes (i.e.,
behind MI but ahead of stroke). How-
ever, similar to the above-mentioned
review, we also observed significant het-
erogeneity that was partly explained by
differences in trial population character-
istics. More prevalent CKD clearly pre-
disposed to a higher incidence of HHF
relative to atherosclerotic events, a find-
ing that substantiates previous observations
of heart failure occurring more frequently
than both Ml and stroke in diabetic ne-
phropathy trials (i.e., RENAAL [Reduction
of Endpoints in NIDDM with the Angio-
tensin Il Antagonist Losartan] [28] and
IDNT [Irbesartan Diabetic Nephropathy
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Figure 3—Comparison of CV event rates between CV disease (CVD) and MRF subgroups. A: Rates of
HHF, MI, and stroke in the placebo arms of the CVD and MRF subgroups of seven trials that included
participants both with and without established CVD at baseline. B and C: Subgroup-level IRRs of
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Sacre, Magliano, and Shaw 2621

Trial] [29]), although once again, heart
failure was less rigorously defined in those
trials than in those of the current review
(1). Aside from CKD constituting an in-
dependent risk factor for heart failure in
type 2 diabetes, it should also be acknowl-
edged that there may be a potential
difficulty in determining whether hospi-
talizations with fluid overload are related
to heart failure or to CKD itself. Fluid
overload that is due primarily to wors-
ening of renal function may be very
difficult to differentiate from heart fail-
ure. Thus, in populations enriched with
CKD, there could be overestimates of
HHF events. However, such uncertainty
likely occurs most commonly in the set-
ting of chronic cardiac dysfunction, which
may well still be contributing to the
clinical presentation.

HHF was also more common relative to
MI with older age and where the pro-
portion of participants with a history of
MI was lower. These relationships were
not borne out in analyses of HHF relative
to stroke, although the HHF/stroke ratio
was, notably, higher in the two trials that
enrolled only patients with acute coro-
nary syndrome. This may reflect a bias in
selecting a cohort predisposed to cardiac
rather than to other manifestations of CV
disease. Such variations in the relative
appearance of CV events according to
CKD status, age, and cardiac history are
relevant to considerations over the op-
timal drug class for CV prevention in type
2 diabetes since SGLT2is are recommen-
ded to reduce risks of HHF and MACE,
while GLP-1RAs are recommended to re-
duce risks only of MACE.

Heart Failure in People With and
Without Prior CV Disease

Although data from primary care has
shown heart failure to be one of the
most common initial manifestations of
CV disease in type 2 diabetes (3), the
concept of its presentation in the absence
of prior ischemic heart disease—reflecting
in part a distinct diabetic cardiomyopathy—
remains somewhat controversial (30).
In our analysis of seven trials that in-
cluded participants with and without
established CV disease, we observed
a higher absolute incidence of HHF in
those with established CV disease, in
keeping with higher rates of all CV events.
However, the excess of Ml over HHF was
actually smaller in the group without
prior CV disease, contrary to what would
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be expected if macrovascular disease was
responsible for the majority of heart
failure cases in type 2 diabetes. HHF
incidence rates in the MRF groups cannot
be used to infer an exact proportion of
participants for whom HHF represents a
first CV event, since we did not have unit
record data and could not be certain that
HHF events were not preceded by an-
other CV event occurring earlier during
study follow-up. However, if such a se-
quence of events was always the case, we
estimate (by applying rates of HHF in the
prior CV disease group to the MRF sub-
groups who experienced Ml or stroke)
that the incidence rates of HHF in the
MRF groups would be <10% of those
actually observed. Thus, when HHF oc-
curred in the MRF groups, it must have
been the first CV event in the majority
of cases. Nevertheless, in the MRF
groups, there were still only two trials
(CREDENCE and REWIND) in which HHF
was significantly more frequent than Ml.

Study Limitations

Although clinical trials are attractive from
the perspective of offering high-quality,
adjudicated HHF data, the findings may
have limited generalizability to other
populations. Furthermore, the trials con-
tributing to this meta-analysis were en-
riched with participants with established
CV disease. Even those studies that fea-
tured a subgroup without prior CV dis-
ease enrolled participants at high risk
of an event. However, since this serves
to increase the absolute rates of all CV
events, the IRRs of HHF/MI and HHF/
stroke and their relationships with clin-
ical characteristics are nevertheless likely
to remain relevant to the type 2 diabetes
population more broadly. Another limi-
tation of these clinical trial data comes
from the relatively short duration of
follow-up (1.3-5.4years), which may un-
derestimate the relative appearance of
CV outcomes with longer lead times or
older age of onset. Exclusion of silent
MIs—necessitated by their adjudica-
tion in only a small number of studies—
represents another limitation to our
analysis. From trials that did adjudicate
silent Mls, the extent of consequent
underestimation of the incidence of
any Ml (silent or symptomatic) can be
expected to be between ~2% (based on
OMNEON; personal communication, |.
Gantz) and 22% (based on LEADER). In
any case, broadening the scope of Ml

would only serve to further entrenchitas
the most frequent nonfatal CV event,
with HHF in second. Although meta-
regression analyses revealed some of the
factors influencing the IRRs, these did not
fully explain the observed heterogene-
ity. A larger number of trials may have
revealed other contributory trial design
or population factors. In turn, the smaller
number of trials that included an MRF
cohort, as well as the relatively small sizes
of these cohorts as a proportion of their
trial’s total, led to some relatively im-
precise IRRs in the MRF versus CV disease
comparison. Also contributing to impre-
cision of these subgroup-specific esti-
mates was variability across trials in
the definition of CV disease itself, as
well as in the candidate criteria for
the MRF cohort, which included a mix
of conventional risk factors (e.g., dyslipi-
demia) and/or indications of subclinical
CV disease (e.g., abnormal left ventricu-
lar structure/function). Nevertheless, be-
tween-group differencesin the CV disease
and MRF cohorts were similar in magni-
tude and direction across trials, suggest-
ing no substantive bias arising from such
differences. Finally, the increasing use of
troponins and natriuretic peptides over
time in the diagnosis of Ml and HHF,
respectively, may have influenced the
observed incidence of each and, there-
fore, the ratio between them.

In conclusion, HHF is one of the most
frequent nonfatal CV events in clinical
trials in type 2 diabetes, second only to
Ml (and even surpassing Ml in the context
of CKD). This was true for those with and
without prior CV disease. Our results do
not confirm earlier studies that reported
heart failure to be more common than Ml
(3) but do support the notion that it is
a major contributor to first and recur-
rent CV events. The extent to which this
discrepancy may reflect different out-
comes (adjudicated HHF vs. local clinician
diagnoses) or populations studied (clin-
ical trial participants at high CV risk vs.
the broader type 2 diabetes population
seen in primary care) remains uncertain.
Regardless, our findings strengthen the
argument for inclusion of HHF in primary
or coprimary composite end points of CV
outcomes trials in type 2 diabetes. Be-
yond trial design, heart failure would ap-
pear to be worthy of a similar level of
prioritization as traditional atheroscle-
rotic events in primary prevention inter-
ventions in type 2 diabetes. With aging
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populations worldwide, the importance
of developing new therapies with effi-
cacy toreduce the burden of heart failure
in type 2 diabetes (as has been achieved
with SGLT2is) (31,32) will only increase.
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