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Rapid kidney function decline and increased @
risk of heart failure in patients with type 2
diabetes: findings from the ACCORD cohort
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Abstract

Background Impaired kidney function and albuminuria are associated with increased risk of heart failure (HF) in
patients with type 2 diabetes (T2D). We investigated whether rapid kidney function decline over time is an additional
determinant of increased HF risk in patients with T2D, independent of baseline kidney function, albuminuria, and
other HF predictors.

Methods Included in the study were 7,539 participants in the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study with baseline urinary albumin-to-creatinine ratio (UACR) data, who had completed 4 years of
follow-up and had > 3 eGFR measurements during that period (median eGFR/year=1.9, IQR 1.7-3.2). The association
between rapid kidney function decline (eGFR loss =5 ml/min/1.73 mz/year) and odds of HF hospitalization or HF
death during the first 4 years of follow-up was estimated by logistic regression. The improvement in risk discrimination
provided by adding rapid kidney function decline to other HF risk factors was evaluated as the increment in the area
under the Receiving Operating Characteristics curve (ROC AUC) and integrated discrimination improvement (IDI).

Results Over 4 years of follow-up, 1,573 participants (20.9%) experienced rapid kidney function decline and 255
(3.4%) experienced a HF event. Rapid kidney function decline was associated with a~ 3.2-fold increase in HF odds
(3.23,95% Cl, 2.51-4.16, p<0.0001), independent of baseline CVD history. This estimate was not attenuated by
adjustment for potential confounders, including eGFR and UACR at baseline as well as at censoring (3.74; 95% Cl
2.63-5.31). Adding rapid kidney function decline during follow-up to other clinical predictors (WATCH-DM score,
eGFR, and UACR at study entry and end of follow-up) improved HF risk classification (ROC AUC=+0.02, p=0.027;
relative IDI=+38%, p <0.0001).
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Conclusions In patients with T2D, rapid kidney function decline is associated with a marked increase in HF risk,
independent of starting kidney function and/or albuminuria. These findings highlight the importance of serial eGFR
measurements over time to improve HF risk estimation in T2D.

Keywords Heart failure, Diabetic kidney disease, Type 2 diabetes, Glomerular filtration rate, Albuminuria

Background

Heart failure (HF) is a frequent complication of type 2
diabetes (T2D), contributing to the excess morbidity
and mortality characteristic of this disease [1-5]. Up to
50% of patients with T2D may develop HF during their
lifetime [2], corresponding to a two- to five times higher
HF risk than in subjects without diabetes [1, 2, 4]. The
higher risk of HF experienced by patients with T2D can
be a consequence of the higher prevalence of coronary
artery disease [6] and hypertension [7] associated with
T2D, but may also result from the development of dia-
betic cardiomyopathy - a diabetes-specific disease of the
myocardium resulting from exposure to diabetic milieu,
independent of ischemic lesions [3, 8, 9].

A major risk factor for HF among patients with T2D
is the presence of diabetic kidney disease (DKD). Large
epidemiological studies have shown that both clinical
alterations characteristic of DKD — impaired glomeru-
lar filtration rate (GFR) and increased urinary albumin
excretion — are associated with an increased risk of HF
independently from each other [2, 10-12]. A few stud-
ies in the general population have suggested that a rapid
rate of kidney function decline over time — the param-
eter that has been shown to best capture the disease pro-
cesses underlying chronic kidney disease [13, 14] — is an
additional risk factor for the development of HF [12, 15,
16]. However, whether and to what extent this applies to
patients with diabetes, who are already at increased risk
of developing kidney dysfunction and HF, has not been
investigated. It remains also unknown whether the asso-
ciation between a rapid rate of kidney function decline
and HF risk is independent of kidney function and albu-
minuria at baseline. Disentangling these processes under-
lying the link between DKD and HF can have crucial
implications for improving prediction of HF and devising
new strategies to prevent HF in patients with DKD.

In this study, we analyzed longitudinal data from
the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) clinical trial to investigate the association of
rapid kidney function decline over time with risk of HF in
patients with T2D, and to assess whether this was inde-
pendent from kidney function and albuminuria at base-
line. We also assessed whether accounting for changes
in eGER over time improved prediction of the risk of HF
events as compared to standard clinical predictors.

Methods

Study population

The aim of the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) clinical trial (NCT00000620) was
to investigate whether cardiovascular event rates could
be reduced by intensively targeting hyperglycemia to
HbA1c<6.0%, compared to a standard target of HbAlc
between 7-7.9% [17, 18]. For this purpose, 10,251 par-
ticipants with T2D and high cardiovascular risk were
randomized in a 1:1 ratio to receive intensive or standard
glycemic control therapy at 77 clinical sites across the
U.S. and Canada. The study also investigated the effect of
intensive versus standard blood pressure (BP) control and
fibrate versus placebo therapy on cardiovascular events
through the ACCORD BP and Lipid sub-trials in a dou-
ble 2 by 2 factorial design [18]. Additionally, ACCORD
had a rich follow-up of study participants and collected
data on other diabetic complications, both at baseline
and during follow-up. The full protocol for the main
ACCORD trial has been previously published [18]. Inclu-
sion criteria included (1) T2D and HbA1c>7.5%; (2) age
40-79 years and known cardiovascular disease (CVD); or
(3) age 55-79 years with anatomic evidence of significant
atherosclerosis, albuminuria, left ventricular hypertro-
phy, or at least two risk factors for CVD (dyslipidemia,
hypertension, obesity, or current smoker status). The gly-
cemia trial was stopped after a mean of 3.7 years because
of the finding of excess mortality in the intensive glucose-
lowering group [19]. Participants were managed accord-
ing to the standard glucose protocol and monitored for
an additional 17 months while the BP and lipid trials were
completed. Ethics committees at each center approved
the protocol, which adhered to the Declaration of Hel-
sinki [18]. All participants provided written, informed
consent. The present analysis included ACCORD par-
ticipants who (i) completed 4 years of follow-up and/or
experienced a HF event in that time period, (ii) had at
least three values of eGFR between baseline and the HF
event or the 4 year time point, from which eGFR slopes
could be calculated, and (iii) had available data on urine
albumin-to-creatinine ratio (UACR) at baseline (Supple-
mentary Fig. 1).

Exposures

Exposures of interest were the eGFR and UACR at base-
line and at the last visit before the HF event or 4 year
censoring and the rate of eGFR change during follow-
up (expressed as ml/min/1.73 m? per year). eGFR was



Bueno Junior et al. Cardiovascular Diabetology (2023) 22:131

estimated in ACCORD at baseline and at regular inter-
vals during follow-up from serum creatinine, measured
by the Roche Creatinine Plus enzymatic method (Roche
Diagnostics, Basel, Switzerland), using the 2021 CKD-
EPI Serum Creatinine equation [20]. For each partici-
pant, the absolute rate of eGFR change over time (“eGFR
slope”) was estimated by least-squares regression of
all eGFR measurements from month 4 of follow-up to
the last eGFR measurement before the HF event or the
4-year censoring date (Supplementary Fig. 1). Month
4 (corresponding to the first visit after randomization)
was used as the first time point to account for the fact
that one of the interventions investigated in ACCORD
(fenofibrate) was known to cause an increase in serum
creatinine levels, which would have caused a system-
atic bias in the eGFR slope estimation in this treatment
arm if the slope had been calculated from randomiza-
tion [21]. In agreement with the Kidney Disease Improv-
ing Global Outcomes (KDIGO) 2012 guidelines [22],
rapid kidney function decline was defined as a sustained
eGFR decline>5 ml/min/1.73 m? per year. Urine creati-
nine was determined enzymatically on a Roche Double
Modular P Analytics automated analyzer. Urine albu-
min was determined by immunonephelometry on a Sie-
mens BN II nephelometer. Albuminuria was defined
as UACR2>30 mg/g, with microalbuminuria defined as
UACR between 30 and 299 mg/g and overt proteinuria as
UACR above 300 mg/g.

Heart failure

Heart failure was defined as HF death or hospitalization
for HF [18, 19]. HF death was defined as death due to
clinical, radiological or postmortem evidence of HF with-
out clinical or postmortem evidence of an acute ischemic
event. Hospitalization for HF was documented by clinical
and radiological evidence and confirmed by an adjudica-
tion committee in ACCORD. HF events were queried at
each study visit.

Additional measurements

Demographic characteristics, diabetes duration, smoking
status, medical and medication history were determined
at the baseline visit using standardized questionnaires.
Height, weight and systolic BP were measured accord-
ing to a standardized protocol. HbAlc was measured
by an automated high-performance liquid chromatog-
raphy (Tosoh Bioscience, South San Francisco, CA). All
baseline laboratory values were obtained centrally at the
University of Washington Northwest Lipid Metabolism
and Diabetes Research Laboratory. The WATCH-DM HF
risk score was calculated from age, BM], systolic and dia-
stolic blood pressure (SBP and DBP), fasting plasma glu-
cose, serum creatinine, HDL cholesterol, QRS duration
on EKG, prior myocardial infarction, and prior coronary
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artery bypass graft classes and used to subdivide partici-
pants in 5 HF risk classes as described by Segar et al [23].

Statistical analyses

Analyses were run in SAS v9.4 (Cary, NC). Normally dis-
tributed continuous variables were presented as mean
(tstandard deviation, SD) and analyzed by independent
t-test for difference in means between groups. Non-nor-
mally distributed continuous variables were presented
as median (inter-quartile range) values and analyzed by
t-test after log transformation. Categorical variables were
presented as counts (percentages) and analyzed by chi-
square tests to examine differences among groups.

In order to examine the association of rapid kidney
function decline with the risk of HF events, unadjusted
(Model 1) and adjusted (Models 2—5) odds ratios and
their 95% confidence intervals were estimated by mul-
tivariable logistic regression models. Analyses were
adjusted for ACCORD clinical centers and treatment
assignments (Model 2) and for potential confounders that
were selected based on their association with HF and/
or rapid kidney function decline in ACCORD, including
age, sex, diabetes duration, BMI, waist circumference,
HbAlc, SBP, DBP, HDL cholesterol, triglycerides, smok-
ing history, CVD history, diuretic therapy, beta-blocker
therapy, and renin-angiotensin blocker therapy at base-
line and mean Hbalc during follow-up (Model 3).

To account for the potential influence of kidney param-
eters at baseline: (i) we additionally adjusted the analyses
for eGFR and UACR levels (continuous variables) at base-
line (Model 4); and (ii) we performed subgroup analyses
across strata based on eGFR and UACR levels at baseline:
(1) eGFR>90 mL/min/1.73 m? and normoalbuminuria
(UACR<30 mg/g), (2) eGFR>90 mL/min/1.73 m? and
albuminuria (UACR230 mg/g), (3) eGFR 60-89 mL/
min/1.73 m?® and normoalbuminuria, (4) eGFR 60-89
mL/min/1.73 m? and albuminuria, (5) eGFR<60 mL/
min/1.73 m? and normoalbuminuria, and (6) eGFR<60
mL/min/1.73 m? and albuminuria. To account for the
potential influence of kidney function at the end of the
follow-up on our results, we additionally adjusted our
analyses for the last eGFR and UACR measures before
the HF event or censoring (Model 5).

The following sensitivity analyses were also carried out:
(1) To account for the potential influence of CVD his-
tory, we performed stratified analyses by prevalent CVD
at baseline (no vs. yes). (2) To account for the potential
influence that the period over which eGER slope was cal-
culated could have on our results, we re-did the analy-
sis excluding individuals whose eGFR slope spanned<2
years, in line with previous literature [24]; (3) To account
for a potential influence of follow-up time on our results,
we redid the analyses extending the follow-up time to 5
years instead of 4 years.
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The improvement in risk discrimination provided by
rapid kidney function decline during follow up before
the HF event, when added to baseline and follow-up
WATCH-DM HF risk score, eGFR, and UACR, was
evaluated as the area under the Receiving Operating
Characteristics (ROC) curve (AUC) [25] and integrated
discrimination improvement (IDI) [26] by means of logis-
tic regression models.

Results

Baseline clinical characteristics of ACCORD participants
with rapid kidney function decline

Included in the study were 7,539 ACCORD partici-
pants, who competed 4 years of follow-up and/or had
a HF event over this time period, had available UACR
data at baseline, and for whom at least three eGFR val-
ues were available in the time span between four months
after randomization and the HF event or the 4-year cen-
soring (Supplemental Fig. 2). A median of 6 eGFR val-
ues were available for each participant (IQR 5, 11) over
a median of 3.3 years (IQR 2.7, 3.6), corresponding to a
median of 1.9 eGER per year (IQR 1.7-3.2) (Supplemen-
tal Fig. 3). Based on eGFR slope estimates during follow-
up, 1,573 participants (20.9%) had a rate of eGFR loss>5
ml/min/1.73m?/year and were defined as having “rapid
kidney function decline” The median rate of eGFR loss
in these subjects was —7.5 (IQR —10.2, -6.0) as compared
to -0.8 (IQR —2.4, 0.9) ml/min/1.73 m?/year in the rest of
participants (n=7,760). As shown in Table 1, participants
with rapid kidney function decline had longer duration of
diabetes, a higher prevalence of CVD and HF history as
well as diuretic treatment at baseline, a higher waist cir-
cumference, HbAlc, systolic blood pressure, total choles-
terol, triglycerides, and UACR at baseline, and a higher
mean Hbalc during follow-up. With regard to the inter-
ventions tested in the ACCORD trial, they had a higher
prevalence of assignment to the standard rather than the
intensive arm of the glycemia trial, to the intensive rather
than the standard arm of the BP sub-trial, and to the pla-
cebo rather than the fenofibrate arm of the lipid sub-trial
(Table 1).

Rapid kidney function decline and risk of HF events

A total of 255 participants (3.4%) experienced a HF epi-
sode in the first 4 years of follow-up. As compared to
other participants who did not experience HF over 4
years follow-up (n=7,284), these individuals were more
frequently male and were characterized by older age,
longer duration of diabetes, higher baseline BMI, waist
circumference, HbAlc, triglycerides, and UACR, lower
baseline diastolic blood pressure, total cholesterol, HDL
cholesterol, and eGFR, a more frequent history of CVD,
HE, and smoking, and more frequent treatment with
diuretics and beta-blockers (Table 2). They also had a
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significantly more negative eGFR slope (median —3.9
[IQR-9.1,0.01] vs. -1.6 [-4.2,0.4] ml/min/1.73 m?/year),
p=0.0002), resulting in a higher prevalence of rapid
kidney function decline during follow-up (45% vs. 20%,
p<0.0001) (Table 2 and Supplementary Table 1). In an
unadjusted logistic regression model, rapid kidney func-
tion decline was associated with a 3.2-fold increase in
the odds of a HF episode in the first 4 years of follow-
up (OR=3.23, 95% CI, 2.51-4.16) (Table 3). Similar odds
ratio estimates were obtained after stratifying the analysis
by CVD history at baseline (Table 3 and Supplementary
Table 1) or by limiting it to participants with a negative
HF history at study entry (n=4,535, 241 events, OR 3.66,
95% CI 2.79-4.79) or to those who did not have a history
of coronary heart disease (CHD, defined as myocardial
infarction, angina, and/or revascularization procedures)
at study entry and did not experience CHD events at
any time during follow-up (n=4,355, 77 HF events,
OR=2.58, 95% CI 1.62-4.12), or to those whose eGFR
slope estimate spanned more than two years (n=7,177,
103 HF events, OR=2.42, 95% CI 1.61-3.62). Results
also remained similar after adjustment for ACCORD trial
treatment assignments (Model 2) and multiple poten-
tial confounders (Model 3) (Table 3 and Supplementary
Table 2). A similar association between rapid kidney
function decline and increased HF risk was observed
when analyses were conducted according to a 5- rather
than 4-year time horizon (Supplementary Table 3).

Association of rapid kidney function decline with HF
risk in relation to kidney parameters at baseline.

Further adjustment for eGFR and UACR at baseline,
considered as continuous variables (Model 4), did not
substantially change the association between rapid kid-
ney function decline during follow-up and odds of HF
(Model 4, Table 3 and Supplementary Table 2). A simi-
lar independence from baseline kidney parameters was
observed in stratified analyses using eGFR and UACR
categories based on accepted cut-offs of kidney function
(eGFR 290, eGFR 60-89, and eGFR<60 ml/min per 1.73
m?) and albuminuria (UACR>30 vs. UACR<30 mg/g,
respectively). The odds of HF were the lowest for par-
ticipants with eGFR>90 or 60-89 and normoalbumin-
uria, highest for those with eGFR<60 and albuminuria,
and intermediate for the remaining groups (Supplemen-
tary Table 4). As shown in Fig. 1A, in all six eGFR/UACR
strata, rapid kidney function decline was associated with
increased odds of HF as compared to no/slow kidney
function decline, without significant evidence of hetero-
geneity among groups (p for interaction=0.47). As shown
in Fig. 1B, participants with baseline eGFR<60 ml/
min/1.73 m?, increased baseline UACR, and rapid kidney
function decline during follow-up had a 15-fold increase
in the odds of a HF event as compared to those with
none of these risk factors (OR 14.53; 95% CI 6.28—-33.62).
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Table 1 Characteristics of ACCORD participants according to the occurrence of rapid kidney function decline during follow-up

Characteristic No/slow kidney Rapid kidney P value
function function
decline decline
(N=5,966) (N=1,573)
Female (n, %) 2,246 (37.7) 517 (39.2) 0.25
At Baseline
Age (years) 62.7+66 62.8+6.5 0.70
Diabetes duration (years) 106+7.5 114+76 <0.0001
CVD history at baseline 2,037 (34.1) 579 (36.8) 0.05
HF history at baseline 229 (3.8) 85 (54) 0.006
BMI (kg/mz) 322+54 324+54 0.14
Waist circumference (cm) 106.5+13.5 1076+13.8 0.005
HbA1c (%) 827110 833+1.0 0.03
Fasting glucose (mg/dL) 175£52 176£55 0.34
SBP (mmHg) 1359+16.1 1388+164 <0.0001
DBP (mmHg) 749+10.1 7494103 0.82
Antihypertensive therapy
Renin-angiotensin blockers (n, %) 4,095 (69.0) 1,114 (71.1) 0.11
Beta-blockers (n, %) 1,733 (29.2) 482 (30.7) 0.23
Diuretics (n, %) 2,100 (35.4) 601 (38.3) 0.03
Total cholesterol (mg/dL) 183.6+39.3 186.5+414 0.01
HDL (mg/dL) 41.7+11. 41.5+12 041
Triglycerides (mg/dL)" 155 (107,225) 166 (113,248) <0.0001
Current smoker (n, %) 785(13.1) 208 (13.2) 0.95
Previous smoker (n, %) 3,706 (51.7) 716 (51.9) 0.79
eGFR (ml/min/1.73 m?) 85.8+17.3 85.1+164 0.17
eGFR category
eGFR =90 (n, %) 2,843 (47.9) 707 (45.1) 0.009
eGFR 60-89 (n, %) 2,510 (42.3) 728 (46.4)
eGRF <60 (n, %) 584 (9.8) 133( .5)
UACR (g/mg)’ 13(7,37) 21(9,87) <0.0001
UACR category
Normoalbuminuria (n, %) 4,227(70.9) 910 (57.9) <0.0001
Microalbuminuria (n, %) 1,439 (24.1) 481 (30.6)
Macroalbuminuria (n, %) 300 (5.0) 182 (11.6)
During follow-up
Average HbA1c (%) 7.15+0.88 7.23+0.89 0.0006
eGFR slope (ml/min/1.73 m?/year)’ -08(-24,09) -75(-102-60) By
design
Last eGFR (ml/min/1.73 m?)* 79.2+188 61.0+16.7 By
design
Last eGFR category*
eGFR=90 (n, %) 2,170 (36.4) 49 (3.1) By
eGFR 60-89 (n, %) 2,731 (45.8) 796 (50.6) design
eGFR<60 (n, %) 1,065 (17.9) 728 (46.3)
Last UACR (g/mg)™ 1(6,33) 16 (7,65) <0.0001
Last UACR category*
Normoalbuminuria (n, %) 4373 (73.3) 990 (62.9) <0.0001
Microalbuminuria (n, %) 1,309 (21.9) 404 (25.7)
Macroalbuminuria (n, %) 284 (4.8) 179 (11.4)
ACCORD Glycemia trial
Standard (n, %) 2,963 (49.7) 831(52.8) 0.03
Intensive (n, %) 3,003 (50.3) 742 (47.2)

ACCORD BP trial
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Table 1 (continued)
Characteristic No/slow kidney Rapid kidney P value
function function
decline decline
(N=5,966) (N=1,573)
Standard (n, %) 1,448 (54.2) 350 (39.1) <0.0001
Intensive (n, %) 1,222 (45.8) 546 (60.9)
ACCORD lipid trial
Placebo (n, %) 1,608 (48.8) 378 (55.8) 0.0008
Fibrate (n, %) 1,688 (51.2) 299 (44.2)

Except where noted, data are means+SD for continuous variables and counts (%) for categorical data. tMedians (IQR). Last value before HF event or censoring.
Abbreviations: CVD, cardiovascular disease; HF, heart failure; BMI, body mass index; HbAlc, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LDL, low density lipoprotein; HDL, high density lipoprotein; eGFR, estimated glomerular filtration rate; UACR, urinary albumin/creatinine ratio; BP, blood

pressure

Greater than 7-fold increases in the odds of HF were also
observed among participants who had experienced a
rapid GFR decline and had albuminuria or an eGFR <60.

Association of rapid kidney function decline with HF
risk in relation to kidney function at censoring.

To determine whether the increase in HF odds
observed among participants with rapid kidney function
decline was an intrinsic characteristic of these individu-
als, or was simply due to the lower eGER attained during
follow-up because of the rapid kidney function decline
or to the worsening of albuminuria, further analyses
were conducted accounting for the last eGFR and UACR
before the HF event or censoring (Table 1). Adjustment
for these variables (Model 5, Table 3) did not attenuate
the association of rapid kidney function decline with HF
risk (OR, 3.74; 95% CI 2.63-5.31).

HF risk discrimination provided by rapid kidney function
decline

The improvement in discrimination between individu-
als at high and low risk of HF within a 4 year timeframe
provided by rapid kidney function decline was evaluated
in relation to a clinical model including ACCORD trial
treatment assignments, baseline and follow-up WATCH-
DM HF risk score (including information on classes of
age, BMI, SBP, DBP, fasting plasma glucose, serum cre-
atinine, HDL cholesterol, QRS duration, prior myocardial
infarction, and prior coronary artery bypass graft) [23]
and baseline and follow-up eGFR and uACR. In terms
of ROC curve [25], addition of rapid kidney function
decline significantly increased the AUC from 0.77 to 0.79
(p=0.027). If evaluated in terms of IDI [26], rapid kid-
ney function decline increased HF risk discrimination by
almost 40% (relative integrated discrimination improve-
ment [rIDI]=0.382, p<0.0001). The improvement in
predictive ability provided by rapid kidney function
decline, as compared to that provided by WATCH-DM
score, eGFR, and uACR, can be appreciated visually in
Fig. 2, in which the mean probabilities of HF estimated
by models of increasing complexity among subjects who

experienced a HF event are plotted along the correspond-
ing probabilities among subjects who did not. The differ-
ence between HF and non-HF, indicated by the numbers
between arrows, is the so called ‘discrimination slope’
[27] and the IDI of one model vs. another model corre-
sponds to the difference in discrimination slopes between
the two models [26]. WATCH-DM score significantly
improved risk discrimination (IDI=0.022, p<0.0001) as
compared to a basic model including ACCORD treat-
ment assignment and a further improvement (IDI=0.018,
p<0.0001) was obtained with eGFR/uACR at baseline.
Addition of the WATCH-DM score and eGFR/uACR
measured immediately before the HF event or 4-year
censoring did not improve risk discrimination beyond
what was obtained with their baseline measures. By con-
trast, addition of rapid kidney function decline during
follow-up (up to the HF event or censoring) resulted in
a significant IDI (p<0.0001), which was identical in mag-
nitude (0.018) to that provided by the baseline eGFR and
uACR.

Discussion

In patients with T2D followed for 4 years, rapid kidney
function decline (i.e., an eGFR decline>5 ml/min per
1.73 m? per year) was associated with a 3.2-fold increase
in the risk of HF as compared to no or slow kidney func-
tion decline, irrespective of cardiovascular risk factors,
glycemic control, and history of CVD. The association
of rapid kidney function decline with HF risk was also
independent of kidney function and albuminuria at base-
line. When an indicator of rapid kidney function decline
during follow-up was added to these baseline charac-
teristics and the other HF predictors captured by the
WATCH-DM score, it significantly improved HF risk
discrimination.

A limited number of studies have investigated the asso-
ciation between rate of eGFR changes and HF risk in the
general population, without focusing on patients with
diabetes [12, 16]. The Strong Heart Study, including 2,035
adults from the general population, reported a 1.7-fold
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Table 2 Characteristics of ACCORD participants according to the occurrence of heart failure during follow-up

Characteristic No Heart Failure Heart failure P value
(N=7,284) (N=255)

Female (n, %) 2,781(38.2) 82(32.2) 0.05

At Baseline
Age (years) 626+6.6 653+7.2 <0.0001
Diabetes duration (years) 10674 13.6+8.7 <0.0001
CVD history at baseline 2,466 (33.9) 150 (58.8) <0.0001
HF history at baseline 259 (3.6) 66 (21.6) <0.0001
BMI (kg/mz) 322454 33.8+5.7 <0.0001
Waist circumference (cm) 106.5+13.5 1123+146 <0.0001
HbA1c (%) 828+1 845+1 0.0008
Fasting glucose (mg/dL) 175+53 176£61 0.86
SBP (mmHg) 136.5+16.2 137.1+£180 0.57
DBP (mmHg) 750£10.1 712+111 <0.0001
Antihypertensive therapy
Renin-angiotensin blockers (n, %) 5,020 (69.2) 189 (74.4) 0.08
Beta-blockers (n, %) 2,092 (28.9) 123 (484) <0.0001
Diuretics (n, % 2,560 (35.3) 141 (55.5) <0.0001
Total cholesterol (mg/dL) 1844+39.7 179.5+41.1 0.05
LDL (mg/dL) 10594329 1025+313 0.10
HDL (mg/dL) 418+11.1 39.0+£99 <0.0001
Triglycerides (mg/dL) 157 (108,229) 170 (113-249) 013
Current smoker (n, %) 960 (13.2) 33(12.9) 0.91
Previous smoker (n, %) 3,285 (514) 137 (61.2) 0.004
eGFR (ml/min/1.73 m?) 859+17.0 79.3+£187 <0.0001
eGFR category
eGFR=90 (n, %) 3,461 (47.7) 89 (35.0) <0.0001
eGFR 60-89 (n, %) 3,120 (43.0) 118 (46.5)
eGRF <60 (n, %) 670 (9.2) 47 (18.5)
UACR (g/mg)" 14(7,41) 48 (14,224) <0.0001
UACR category
Normoalbuminuria (n, %) 5,038 (69.2) 99 (38.8) <0.0001
Microalbuminuria (n, %) 1,811 (24.9) 109 (42.8)
Macroalbuminuria (n, %) 435 (6.0) 47 (184)

During follow-up
Average HbATc (%) 7.16+0.88 7.25+0.88 012
eGFR slope (ml/min/1.73 m*/yean)’ -1.6(-4.2,0.04) -39(-9.1,0.1) 0.0002
Rapid kidney function loss (n, %) 1,459 (20.0) 114 (44.7) <0.0001
Last eGFR (ml/min/1.73 m?)* 75.7+19.7 6734210 <0.0001
Last eGFR category*
eGFR =90 (n, %) 2,177 (29.9) 42 (16.5) <0.0001
eGFR 60-89 (n, %) 3,406 (46.8) 121 (47.4)
eGFR <60 (n, %) 1,701 (23.3) 92 (36.1)
Last UACR (g/mg)* 12(6,35) 68 (13,220) <0.0001
Last UACR category®
Normoalbuminuria (n, %) 5,258 (72.2) 105 (41.2) <0.0001
Microalbuminuria (n, %) 1,615(22.2) 98 (384)
Macroalbuminuria (n, %) 411 (5.6) 52 (204)
ACCORD Glycemia trial
Standard (n, %) 3,760 (50.4) 124 (48.6) 0.58
Intensive (n, %) 3,614 (49.6) 131 (51.4)
ACCORD BP trial
Standard (n, %) 1,744 (50.4) 54 (50.9) 091

Intensive (n, %) 1,716 (49.6) 52 (49.1)
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Table 2 (continued)
Characteristic No Heart Failure  Heart failure P value
(N=7,284) (N=255)
ACCORD lipid trial
Placebo (n, %) 1,903 (49.8) 83 (55.7) 0.15
Fibrate (n, %) 1,921 (50.2) 66 (44.3)

Except where noted, data are means+SD for continuous variables and counts (%) for categorical data. tMedians (IQR). #Last value before HF event or censoring.
Abbreviations: CVD, cardiovascular disease; HF, heart failure; BMI, body mass index; HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LDL, low density lipoprotein; HDL, high density lipoprotein; eGFR, estimated glomerular filtration rate; UACR, urinary albumin/creatinine ratio; BP, blood

pressure

Table 3 Association of rapid kidney function decline during follow-up (vs. no/slow kidney function decline) with odds of heart failure

within 4 years from baseline

All Participants No CVD History CVD History

Models OR (95% Pvalue OR(95% Pvalue OR(95% P value
Cl) cl) Cl)

Model 1: Rapid kidney function decline 323 <0.0001 282 <0.0001 346 <0.0001
(2.51-4.16) (1.90-4.19) (248-4.84)

Model 2: Model 1 + ACCORD trial treatment assignments and ACCORD 339 <0.0001 293 <0.0001 3.59 <0.0001

clinical centers (2.62-4.39) (1.96-4.39) (2.55-5.06)

Model 3: Model 2 + sex, age, duration of diabetes, BMI, WC, baseline HbA1c, 3.27 <0.0001 250 <0.0001 397 <0.0001

SBP, DBP, HDL, log triglycerides, smoking history, diuretic therapy, beta (2.44-4.37) (1.59-3.91) (2.69-5.87)

blocker therapy, RASB therapy, CVD history at baseline (All participants),

mean Hba1c during follow-up

Model 4: Model 3+eGFR and log UACR at baseline 2.81 <0.0001 2.24 0.0005 337 <0.0001
(2.08-3.78) (1.42-3.53) (2.25-5.06)

Model 5: Model 4 +last eGFR and log UACR before censoring or event 374 <0.0001 2.76 0.0002 4.96 <0.0001
(2.63-5.31) (1.61-4.73) (3.07-8.02)

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; BMI, body mass index; WC, waist circumference; HbA1c, glycated hemoglobin; SBP, systolic blood
pressure; RASB, renin-angiotensin blockers; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; UACR, urine albumin-creatinine ratio

increase in the risk of HF among participants with rapid
kidney function decline over time (defined as loss of >20
ml/min between visits) compared with the other partici-
pants [12]. The Cardiovascular Health Study, including
a community-based cohort of 4,378 older individuals,
reported that rapid decline in kidney function (defined
as >3 ml/min per 1.73 m? per year) was associated with
a 1.4-fold increase in the risk of HF [16]. These reports
from the general population are extended by our study,
which evaluated the association of rapid kidney function
decline with HF in patients with T2D. At variance with
the Strong Heart Study and Cardiovascular Heart Study,
which included multiple cardiovascular outcomes,[12,
16] our analysis was focused exclusively on HF. This
allowed us to perform a variety of ad hoc sensitivity anal-
yses and account for additional factors, including glyce-
mic control, lipid levels, CVD history, albuminuria, and
eGFR at baseline and at the end of follow-up. In all these
analyses, we consistently found a stronger association
between rapid kidney function decline and HF, as com-
pared with the estimates reported in the Strong Heart
Study and Cardiovascular Heart Study. This could sug-
gest that rapid kidney function decline is more predictive
of HF risk in patients with diabetes than in the general
population — a hypothesis that will have to be tested in
specifically designed studies.

One notable feature of our findings is that the associa-
tion of rapid kidney function decline with HF risk was
independent of eGFR levels and albuminuria at baseline.
Interestingly, it was also independent of the last eGFR
measured before HF or the end of follow-up, which, as
expected, was much lower in patients with rapid kidney
function decline than in all other participants (61.0 vs.
79.2 ml/min/1.73 m?). This suggests that the increased
risk of HF was related to the rapid rate of kidney func-
tion decline rather than the lower kidney function per se.
In other words, among patients with the same degree of
impairment of kidney function during follow-up, those
who experienced such decline over a shorter period of
time were more likely to have HF as compared to those
in whom kidney function declined more slowly. Thus,
evaluating kidney function and albuminuria at any given
point in time may not be sufficient for patients with T2D
since additional crucial information may be provided by
monitoring the eGER trajectory over time.

The increased risk of HF in patients with rapid kidney
function decline over time can have several explanations.
On the one hand, it is conceivable that the rapid decline
of kidney function contributes to the development of HF
due to the effects of a reduced kidney function on fluid
retention, blood pressure regulation, and ventricular
remodeling. On the other hand, since the effect of rapid
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Fig. 1 Rapid kidney function decline and risk of HF events by kidney function characteristics at baseline (A) Adjusted odds ratios of HF and 95% Cl for
rapid vs. slow/no kidney function decline in subgroups defined by eGFR and albuminuria at study entry. (B) Adjusted odds ratios of HF and 95% Cl in
subgroups defined by eGFR and albuminuria at study entry and rate of kidney function decline during follow-up. Red symbols indicate participants with
rapid kidney function decline, black symbols indicate all other participants. Abbreviations: eGFR, estimated glomerular filtration rate; OR, odds ratio; Cl,

confidence interval; FU, follow-up

kidney function decline was independent of the eGFR
level reached at the end of follow-up, the association
may also stem from rapid kidney function decline and
HF sharing common etiological factors. In patients with
diabetes, increased levels of blood pressure, dyslipidemia,
and poor glycemic control have been independently asso-
ciated with both the progression of renal damage and the
development of HF [4, 28-32]. However, the association

between rapid kidney function decline and HF observed
in our study did not materially change after accounting
for these shared factors. This may indicate the involve-
ment of alternative pathways such as the renin angioten-
sin system, inflammation, oxidative stress, and fibrosis,
whose activation is involved in both kidney disease pro-
gression and HF [33-37]. In addition, cardiac auto-
nomic neuropathy in patients with diabetes has also been
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Fig. 2 Mean estimated probabilities of HF in ACCORD participants with and without a HF event as estimated by predictive models of increasing com-
plexities. Blue symbols represent the mean estimated probabilities of HF among participants who experienced a HF event during follow-up; red symbols
represent the mean estimated probabilities among participants who did not experience a HF event. The numbers between the arrows are the differences
between estimated probabilities in participants who experienced a HF event and those who did not (also known as “discrimination slopes”). The inte-
grated discrimination improvement (IDI, equal to the difference between discrimination slopes) is reported for each model with respect to the preceding
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creatinine ratio

associated with an increased likelihood of both rapid kid-
ney function decline and development of left ventricular
dysfunction [38-41]. Finally, since the direction of the
association between rapid kidney function decline and
HF cannot be inferred from our data, it is also possible
that rapid kidney function decline is the result and a sub-
clinical manifestation of the progressive deterioration of
cardiac function that will later culminate in an overt HF
event. Future studies are clearly needed to infer causality
and elucidate the exact mechanisms underlying the link
between rapid kidney function decline and HF risk in
patients with diabetes.

Strengths of the study include the large sample size,
the repeated measures of kidney function over time, the
detailed information on potential confounders, and the
blinded adjudication of HF events. In addition, multiple
sensitivity analyses provided consistent findings, increas-
ing the confidence in these results. However, a few limita-
tions of our study warrant consideration. The ACCORD
trial included participants with T2D at high cardiovas-
cular risk who were treated according to the standard
of care at the time of the trial (between 2001 and 2009).

Therefore, the generalizability of our findings needs to
be confirmed in patients with diabetes who are at lower
cardiovascular risk and/or are treated with newly devel-
oped glucose lowering drugs such as GLP-1 receptor
agonists and SGLT?2 inhibitors. Furthermore, data were
not available on the different clinical presentations of
HF (preserved vs. reduced ejection fraction), which may
have different etiologies and predictors. Lastly, as in any
observational study, the possibility of residual confound-
ing cannot be entirely ruled out.

Conclusions

In summary, in this analysis of data from the ACCORD
clinical trial, we found that rapid kidney function decline
over time was independently associated with the risk
of subsequent HF in patients with T2D. These results
strongly suggest that close monitoring of the eGFR tra-
jectory over time may improve prediction and, there-
fore, prevention of HF in patients with diabetes, beyond
what can be provided by considering individual eGFR
measurements. Using rapid kidney function decline may
help the early identification patients who could especially
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benefit from preventing treatment such as SGLT?2 inhib-
itors — a class of drugs that has recently been found to
have remarkable kidney and cardiovascular protective
properties [42] Monitoring eGFR changes and starting
SGLT?2 inhibitors as soon as the rate of kidney function
decline exceeds 5 ml/min/1.73 m? per year, even in the
presence of eGFR over 60 ml/min/1.73 m? and normoal-
buminuria, may be a cost-effective strategy to both halt
further decline in renal function and prevent the devel-
opment of HF.
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