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ABSTRACT
Introduction Patients with type 2 diabetes (T2D) have 
an increased risk of worsening kidney function (WKF) 
over time compared with patients without diabetes. Data 
evaluating the inter- relation between WKF, cardiovascular 
risk, and clinical events are scarce. We aim to study 
the association of WKF with subsequent cardiovascular 
events and the probabilities of transition from WKF to 
hospitalization or death according to patients’ risk. We 
have used a large population of patients with T2D and a 
high cardiovascular risk enrolled in the Action to Control 
Cardiovascular Risk in Diabetes Study.
Research design and methods Time- updated, joint, and 
multistate modeling were used. WKF was defined as an 
estimated glomerular filtration rate (eGFR) decline greater 
than 40% from baseline. A total of 10 251 patients were 
included, of whom 1213 (11.8%) presented WKF over a 
median (percentile25–75) follow- up time of 5.0 (4.1–5.7) 
years.
Results Patients who experienced WKF were slightly older, 
more frequently women, and had longer diabetes duration. 
Patients experiencing WKF, regardless of baseline kidney 
function, had a higher risk of subsequent cardiovascular 
events, including the composite of cardiovascular death or 
hospitalization for heart failure (HHF), with ≈2- fold higher 
risk. Joint modeling showed that renal function deterioration 
frequently occurs even among patients who did not 
experience a cardiovascular event. In multistate models, 
patients with a medium- high cardiovascular risk (compared 
with those with a low cardiovascular risk) are at higher 
risk of HHF or cardiovascular death first (HR=4.76, 95% CI 
3.63 to 6.23) than of WKF first (HR=1.37, 95% CI 1.21 to 
1.56); remarkably, the risk of cardiovascular death or HHF is 
highest after a WKF event (HR=6.20, 95% CI 2.71 to 14.8).
Conclusions In patients with T2D and a high 
cardiovascular risk, WKF occurs in more than 10% of 
patients and is independently associated with risk of 
subsequent cardiovascular events, irrespective of baseline 
eGFR. Preventing serious WKF and the transition from WKF 
to HHF or cardiovascular death is an important objective of 
future trials.
Trial registration number NCT00000620.

INTRODUCTION
Patients with type 2 diabetes (T2D) have an 
increased risk of kidney function deterioration 

over time compared with patients without 
diabetes.1 Until recently, the only treatments 
capable of delaying the deterioration of 
kidney function were ACE inhibitors (ACEi) 
and angiotensin receptor blockers (ARBs). By 
improving both cardiovascular (heart failure 
hospitalizations in particular) and kidney 
outcomes, the advent of sodium glucose 
cotransporter 1/2 inhibitors (SGLT1/2i) 
and the mineralocorticoid receptor antago-
nist finerenone has changed the therapeutic 
landscape of patients with T2D, particularly 
those with a high risk of cardiovascular events 
and chronic kidney disease (CKD).2–6

Although clinically important, until recently 
worsening kidney function (WKF) events 
were not considered in the primary outcome 
of large outcome trials of patients with T2D, 
which usually considered acute kidney injury 
as a safety endpoint.7 Beyond the method-
ological issues that may arise from merging 
events of different clinical relevance in the 

Significance of this study

What is already known about this subject?
 ► Patients with type 2 diabetes (T2D) have an in-
creased risk of worsening kidney function (WKF) 
over time compared with patients without diabetes.

 ► Data evaluating the inter- relation between WKF, car-
diovascular risk, and clinical events are scarce.

What are the new findings?
 ► WKF was independently associated with subsequent 
cardiovascular events regardless of baseline kidney 
function, and the risk of cardiovascular death or 
heart failure hospitalization was sixfold higher after 
a WKF event.

How might these results change the focus of 
research or clinical practice?

 ► These results suggest that prevention of WKF should 
be a treatment target for patients with T2D.
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same time- to- first event analysis (eg, WKF and death), it 
is uncertain how WKF relates to subsequent cardiovas-
cular events, particularly hospitalization for heart failure 
(HHF) and cardiovascular death (which seem closely 
related to WKF), and which WKF thresholds should be 
considered as an endpoint in patients with T2D.8 9 Recent 
trials have used a deterioration in the estimated glomer-
ular filtration rate (eGFR) superior to 40%–50% as 
endpoint, although further study is required to ascertain 
the clinical importance of such thresholds.10 11

Using a large population of patients with T2D and a 
high cardiovascular risk enrolled in the Action to Control 
Cardiovascular Risk in Diabetes Study (ACCORD), we 
aim to study the association of WKF with subsequent 
HHF and cardiovascular death and the probabilities of 
transition from WKF to HHF or cardiovascular death 
according to baseline patient risk.

METHODS
ACCORD glycemia intervention study design
The rationale and design of the ACCORD trial and a 
description of the glycemia intervention have been previ-
ously described.12 13 ACCORD was a multicenter clinical 
study, sponsored by the National Heart, Lung, and Blood 
Institute, and conducted in 77 clinical centers in the USA 
and Canada. ACCORD enrolled patients with T2D and a 
glycated hemoglobin level of 7.5% or greater and who had 
evidence of cardiovascular disease or significant athero-
sclerosis, albuminuria, left ventricular hypertrophy, or at 
least two additional risk factors for cardiovascular disease 
(dyslipidemia, hypertension, current status as a smoker, 
or obesity).

A total of 10 251 patients were randomly assigned 
to receive either intensive antihyperglycemic therapy 
targeting a glycated hemoglobin level of less than 6.0% 
or to receive standard therapy targeting a glycated hemo-
globin level of 7.0%–7.9%. All patients provided written 
informed consent to participate in the study. Patients in 
the intensive therapy group attended monthly visits for 
the first 4 months and then every 2 months thereafter. 
Additional visits could be scheduled as needed to achieve 
glycemic goals. Patients in the standard therapy group 
had glycemic management visits every 4 months.

Outcomes were adjudicated by a central committee 
whose members were unaware of study group assign-
ments on the basis of predefined criteria. In the present 
study we used the composite outcome of time- to- first of 
cardiovascular death or HHF and cardiovascular death 
alone as the main outcomes of interest.

WKF definition
WKF was created by assessing the % of change in eGFR 
at each study visit relative to the baseline visit. Increases 
or no changes in eGFR were set as ‘reference’ and 
eGFR decreases were assessed as a continuous (log and 
spline transformed variable) and categorical eGFR drop 
of >30%, >40%, and >50% relative to baseline. Missing 

eGFR values were carried forward from the last available 
visit. In ACCORD, eGFR was determined by the Modifica-
tion of Diet in Renal Disease (MDRD) formula.14

Our main analysis focuses on the first occurrence of 
WKF because we aim to study the relationship between 
the occurrence of WKF and subsequent death from 
cardiovascular causes and HHF; if we considered to sepa-
rate time- points for confirmation of ‘sustained’ WKF (eg, 
3 months apart), then cardiovascular death could occur 
before the second eGFR measurement and would not 
be captured. Moreover, by design, in ACCORD, inten-
sive and standard therapy groups had different visit 
schedules, whereby patients in the intensive group had 
more visits and eGFR measurements, with more ‘oppor-
tunities’ to capture ‘sustained’ WKF. Notwithstanding, 
as exploratory analysis, we have also studied the associ-
ation between a sustained WKF defined by a ‘sustained’ 
eGFR drop in at least two consecutive visits separated by 
a minimum of 3 months.

Statistical analysis
Patients’ characteristics between patients experiencing 
WKF and not were compared with means and proportions 
for continuous and categorical variables, respectively. 
To identify the variables with stronger association with 
cardiovascular outcomes (cardiovascular death or HHF 
and cardiovascular death alone), we have built a model 
incorporating variables known to have strong prognostic 
value and to be readily available in routine clinical prac-
tice. We started by including age, sex, history of cardio-
vascular disease, race, diabetes duration, dyslipidemia, 
hypertension, smoking, waist circumference, systolic 
blood pressure, glycated hemoglobin, eGFR, urinary 
albumin to creatinine ratio (UACR), and the random-
ized treatment (intensive vs standard glucose- lowering 
treatment) in the model, and then applied a stepwise 
(‘forward’) selection with a p value <0.05 to enter and stay 
in the model with the randomized treatment ‘forced’ into 
the model. The final model included age (≤65 years vs 
>65 years), sex (female vs male), history of cardiovascular 
disease including HHF (yes vs no), UACR (≤30 mg/g 
vs >30 mg/g), waist circumference (≤88 cm for women 
and ≤102 cm for men vs  >88 cm for women and >102 cm 
for men), and glycated hemoglobin (≤8% vs >8%). We 
then assigned integer points based on the β-coefficients of 
the associations to build a simple and easy- to- implement 
clinical risk score that allowed classification of patients 
by level of risk (low, medium, and high). These variables 
included in the risk model were used for adjustment in 
all the multivariate analyses and to compare patients with 
medium/high risk versus low risk in multistate models. 
We generated eGFR % drop from baseline by comparing 
the % of eGFR decrease relative to the baseline eGFR 
as described above. We used time- updated Cox models 
to study the crude and adjusted associations between 
WKF (continuous ‘spline transformed’ and categorical) 
and subsequent cardiovascular outcomes. Time- updated 
models consider the last observed WKF episode (before 
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event or censor). Additionally, joint modeling was used 
to study the evolution of eGFR changes throughout the 
follow- up in patients with and without an event with log- 
transformed continuous eGFR to fit the models’ assump-
tions. We examined potential unmeasured confounding 
by calculating E- values.15 Multistate ‘Markov’ models 
were used to compute the transition probabilities by 
baseline patient risk. Here, the occurrence of WKF was 
considered a ‘transition state’ from where the patient can 
either have no event or experience a subsequent HHF or 
cardiovascular death, that is, ‘absorbing state’. We have 
used a Weibull parametric approach to fit our models, 
which was the functional form with the lowest akaike 
information criterion (AIC)/Bayesian information crite-
rion (BIC).16 Stata V.16 was used for the analyses, which 
included the ‘Merlin’ package.17

RESULTS
Baseline characteristics by occurrence of WKF
A total of 10 251 patients were enrolled in the trial, of 
whom 1213 (11.8%) presented WKF (ie, >40% eGFR 
drop) over a median (percentile25–75) follow- up time of 
5.0 (4.1–5.7) years. Patients who experienced WKF were 
slightly older (63.1 years vs 62.7 years), more frequently 
women (43% vs 38%), with longer diabetes duration, 
higher level of glycated hemoglobin, more frequent 
history of hypertension, and abdominal obesity/elevated 
waist circumference (p<0.05 for all). Patients experi-
encing WKF presented higher baseline eGFR (104 vs 89 
mL/min/1.73 m2) and were more frequently treated with 
loop diuretics (14% vs 9%), ACEi/ARB (72% vs 69%), 
calcium channel blockers (22% vs 19%), biguanides 
(67% vs 64%), sulfonylureas (57% vs 53%), and insulin 
(38% vs 35%) (table 1). The differences in patients’ char-
acteristics by >30% and >50% eGFR drop were similar to 
the described above.

Baseline patient risk and risk score
Risk factors independently associated with the 
occurrence of cardiovascular death or HHF (model 
C- index=0.73) and cardiovascular death alone (model 
C- index=0.72) were a history of cardiovascular disease 
(including heart failure) (β=1.05), an UACR >30 mg/g 
(β=0.86), older than 65 years (β=0.50), an eGFR <90 
mL/min/1.73 m2 (β=0.32), a glycated hemoglobin 
>8% (β=0.31), an elevated waist circumference 
(β=0.29), and men (β=0.17). Based on this risk model, 
we built a simple integer risk score ranging from 0 
to 11 points to classify patients in risk categories (ie, 
tertiles of risk): 0–3 points=low risk (n=3453); 4–6 
points=medium risk (n=4217); and 7–11 points=high 
risk (n=2581) (online supplemental table 1).

Time-updated models for risk of cardiovascular events after 
WKF and plausibility of causation
Patients experiencing WKF had a higher risk of subse-
quent cardiovascular events, including the composite of 
cardiovascular death or HHF and cardiovascular death, 

with ≈2.5- fold higher risk with an eGFR drop >40% from 
baseline (figure 1). The (adjusted) HR (95% CI) repre-
senting the association of WKF with a subsequent event 
of cardiovascular death or HHF was 1.97 (1.66 to 2.34) 
for >30% eGFR drop, 2.51 (2.06 to 3.07) for >40% eGFR 
drop, and 3.03 (2.33 to 3.92) for >50% eGFR drop. The 
(adjusted) HR (95% CI) representing the association of 
WKF with a subsequent cardiovascular death event was 
1.89 (1.47 to 2.45) for >30% eGFR drop, 2.41 (1.77 to 
3.29) for >40% eGFR drop, and 3.29 (2.19 to 4.92) for 
>50% eGFR drop. No interaction of WKF by baseline 
eGFR was observed in these models (interaction p>0.1 
for all). The (adjusted) HR (95% CI) representing the 
association of HHF with subsequent cardiovascular death 
was 5.17 (3.91 to 6.83) (figure 2, table 2 and online 
supplemental figure 1).

Despite more frequent, the associations of >30% eGFR 
drop with subsequent cardiovascular death were weaker, 
with an E- value of 2.48, which is very close to the HR 
observed for UACR (HR=2.36) and history of cardiovas-
cular disease (HR=2.85), meaning that other covariate(s) 
with similar association with outcome could offset the 
association of an eGFR >30% back to null (ie, HR≈1). 
The E- values for eGFR >40% and >50% were greater than 
3 (far from the strongest associations seen in the study), 
suggesting that it would be unlikely for a covariate to 
offset these associations back to the null (online supple-
mental figure 2).

The joint model approach shows that most patients 
with T2D (even those without a cardiovascular event) 
experienced a deterioration of their kidney function over 
time. Notwithstanding, eGFR deterioration was strongly 
associated with subsequent cardiovascular death or HHF: 
coefficient for log- transformed eGFR over time=0.46 
(95% CI 0.39 to 0.52) (p<0.001) (online supplemental 
figure 3).

The association between a ‘sustained’ WKF >30%, 
40%, and 50% from baseline is presented in online 
supplemental table 2, showing similar associations 
to those described for the first WKF occurrence, 
confirming the 40% threshold as the optimal ‘balance’ 
between events captured and the strength of the asso-
ciation with cardiovascular mortality: adjusted HR 
for sustained 30% WKF=1.46 (95% CI 0.94 to 2.25) 
(p=0.085), sustained 40% WKF=1.96 (95% CI 1.18 to 
3.24) (p=0.009), and sustained 50% WKF=2.67 (95% 
CI 1.42 to 5.02) (p=0.002).

Multistate models representing the transition from baseline 
to WKF (‘transition state’) and to cardiovascular death or 
heart failure hospitalization (‘absorbing state’) according to 
patients’ risk
Compared with patients with low baseline risk, those 
with medium/high baseline risk (see online supple-
mental table 1) had a higher probability of experi-
encing WKF (ie, >40% eGFR drop), cardiovascular 
death or heart failure hospitalization, and cardiovas-
cular death or heart failure hospitalization after WKF. 
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In medium- risk/high- risk patients, the risk of transi-
tioning directly to WKF was relatively mild (HR=1.37, 
95% CI 1.21 to 1.56), whereas the risk of transitioning 
directly to a cardiovascular death or heart failure 
hospitalization event was high (HR=4.76, 95% CI 3.63 
to 6.23); still, the risk of cardiovascular death or heart 

failure hospitalization after WKF was even higher 
(HR=6.20, 95% CI 2.71 to 14.8) (table 3). This can 
be visualized in figure 3, where low- risk patients had 
higher probability of survival, slightly lower proba-
bility of WKF, and much lower probability of cardio-
vascular death or heart failure hospitalization.

Table 1 Patients’ characteristics by worsening kidney function

Characteristics No WKF, n (%) WKF, n (%) P value

n (total=10 251) 9038 1213

Age (years) 62.7±6.6 63.1±6.7 0.044

Age >65 years 3028 (33.5) 424 (35.0) 0.32

Women 3426 (37.9) 526 (43.4) <0.001

History of CV disease 3253 (36.0) 482 (39.7) 0.011

Race     0.005

  White 5594 (61.9) 799 (65.9)   

  Black 1767 (19.6) 186 (15.3)

  Hispanic 645 (7.1) 92 (7.6)

  Other 1032 (11.4) 136 (11.2)

Diabetes duration >10 years 3713 (41.1) 585 (48.2) <0.001

Dyslipidemia 6314 (69.9) 851 (70.2) 0.83

Hypertension 6776 (75.0) 950 (78.3) 0.011

Smoking 1274 (14.1) 155 (12.8) 0.21

Waist circumference (high) 6614 (73.2) 927 (76.4) 0.016

Amputation of lower limb 176 (1.9) 41 (3.4) 0.001

Systolic BP (mm Hg)     <0.001

  ≤130 3462 (38.3) 347 (28.6)

  130–140 2319 (25.7) 274 (22.6)

  >140 3257 (36.0) 592 (48.8)

HBA1c (%) 8.3±1.0 8.5±1.1 <0.001

HBA1c >8% 4659 (51.5) 723 (59.6) <0.001

eGFR (mL/min/1.73 m2) 89.3±22.5 104.1±47.5 <0.001

eGFR <90 mL/min/1.73 m2 4793 (53.0) 503 (41.5) <0.001

UACR >30 mg/g 2644 (29.3) 560 (46.2) <0.001

Loop diuretics 780 (8.7) 173 (14.3) <0.001

Thiazide diuretics 2501 (27.8) 329 (27.1) 0.66

ACEi/ARB 6225 (69.1) 877 (72.4) 0.020

CCBs 1694 (18.8) 268 (22.1) 0.006

Beta- blockers 2688 (29.8) 391 (32.3) 0.083

Biguanides 5747 (63.6) 807 (66.5) 0.046

Sulfonylureas 4783 (52.9) 691 (57.0) 0.008

Thiazolidinediones 2018 (22.3) 240 (19.8) 0.045

Insulin 3120 (34.5) 462 (38.1) 0.014

Statins 5731 (63.7) 769 (63.4) 0.87

Antiplatelet agents 5103 (56.8) 682 (56.3) 0.75

High waist circumference: >88 cm for women and >102 cm for men.
CV disease includes prior hospitalization for heart failure.
WKF defined as >40% eGFR drop from baseline in at least two consecutive visits.
ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CCBs, calcium channel blockers; CV, cardiovascular; eGFR, 
estimated glomerular filtration rate; HBA1c, glycated hemoglobin; UACR, urinary albumin to creatinine ratio; WKF, worsening kidney function.
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DISCUSSION
Several points with important clinical and trial design 
implications should be highlighted from the present 
study. (1) The occurrence of WKF is relatively frequent 
in patients with T2D and a high cardiovascular risk. 
(2) Patients experiencing WKF were older, had more 
comorbid conditions, and longer diabetes duration; 
however, they had higher baseline eGFR, suggesting that 
patients starting with higher eGFR levels might be more 
susceptible to drop. Notwithstanding, the associations 
of WKF with subsequent cardiovascular events were not 
modified by baseline eGFR, supporting the use of clin-
ically meaningful WKF definitions irrespective of base-
line eGFR. (3) A WKF defined by >30% eGFR drop was 
frequent (>15% of observations), but the associations 
with cardiovascular events were prone to confounding; 
the associations of eGFR drop  >40% and 50% were less 
prone to confounding, but an eGFR drop >50% was rela-
tively rare (<3%), which supports the use of an eGFR 
drop >40% as the ‘sweet spot’ for use as kidney outcome 
in cardio- kidney trials and as threshold for clinical aware-
ness in patients with T2D. (4) The strong and indepen-
dent association of >40% eGFR drop with subsequent 
cardiovascular events (HHF or cardiovascular death) 

supports the integration of this WKF outcome as a clini-
cally meaningful endpoint that can be integrated in the 
primary outcome of cardio- kidney composite outcomes 
in T2D trials. (5) The risk of cardiovascular death or 
heart failure hospitalization can be accurately predicted 
from patients’ risk and increases by more than sixfold 
after a patient develops WKF. (6) The deterioration in 
renal function over time observed in patients with T2D 
supports the use of means that capture more subtle eGFR 
changes (eg, eGFR ‘slope’ analysis). Together, these find-
ings highlight the need to target WKF as an outcome of 
primary clinical importance for patients with T2D.

A composite outcome should capture clinically mean-
ingful events that are sensible to the treatment being 
studied.10 Incorporating WKF in a composite outcome 
could be considered only when a certain threshold is 
achieved because random and hemodynamic variations 
in renal function without clinical implication often 
occur in patients with frequent therapeutic alterations, 

Figure 1 Association of continuous (spline) eGFR drop 
from baseline and CV events: (A) CV death or hospitalization 
for heart failure and (B) CV death. Model adjusted for age 
(≤65 years vs >65 years), sex (female vs male), history of CV 
disease including hospitalization for heart failure (yes vs no), 
urinary albumin to creatinine ratio (≤30 mg/g vs >30 mg/g), 
waist circumference (≤88 cm for women and ≤102 cm for 
men vs  >88 cm for women and >102 cm for men), glycated 
hemoglobin (≤8% vs >8%), and randomized treatment 
(intensive vs standard glucose- lowering treatment). CV, 
cardiovascular; eGFR, estimated glomerular filtration rate; 
HF, heart failure.

Figure 2 Time- updated WKF and subsequent 
cardiovascular events: (A) CVD or hospitalization for heart 
failure and (B) CVD. Adjusted HR (95% CI) for the composite 
of CVD or heart failure hospitalization after >40% eGFR 
drop=2.51 (2.06 to 3.07) (p<0.001). Adjusted HR (95% CI) for 
CVD after >40% eGFR drop=2.41 (1.77 to 3.29) (p<0.001) 
(see also table 2). Model adjusted for age (≤65 years vs 
>65 years), sex (female vs male), history of CVD including 
hospitalization for heart failure (yes vs no), urinary albumin to 
creatinine ratio (≤30 mg/g vs >30 mg/g), waist circumference 
(≤88 cm for women and ≤102 cm for men vs  >88 cm for 
women and >102 cm for men), glycated hemoglobin (≤8% 
vs >8%), and randomized treatment (intensive vs standard 
glucose- lowering treatment). No interaction of WKF by 
baseline eGFR was observed: interaction p=0.42 for CVD/
HFH; interaction p=0.47 for CVD. CVD, cardiovascular death; 
eGFR, estimated glomerular filtration rate; HFH, heart failure 
hospitalization; WKF, worsening kidney function.
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such as in patients with T2D. In this regard, we have 
found that an eGFR drop >40% from baseline fulfills 
the criteria for clinical meaningfulness as it is strongly 
and independently associated with subsequent cardio-
vascular events (including cardiovascular death) while 
occurring in a relatively frequent proportion of patients 
over time. Identification of baseline cardiovascular 
risk can be accomplished using simplified tools that 
use routinely available clinical variables. In patients 

with medium/high cardiovascular risk, the probability 
of transition from a WKF ‘state’ toward a heart failure 
hospitalization or cardiovascular death ‘state’ was much 
higher (6.2- fold) than a direct transition from baseline 
toward a heart failure hospitalization or cardiovascular 
death (4.8- fold), supporting the clinical relevance of 
avoiding WKF. However, one might argue that despite 
the strong association with outcomes, WKF has relatively 
lower clinical importance than a hospitalization or fatal 
event. A WKF >40% eGFR drop was associated with a 2.4- 
fold increase in risk of subsequent cardiovascular death, 
whereas a heart failure hospitalization was associated 
with a 5.2- fold higher risk of subsequent cardiovascular 
death. A potential way to overcome the limitations of 
a time- to- first composite analysis is to perform a hier-
archical analysis using the ‘win ratio’, where cardiovas-
cular death would be the most important (and final) 
event, followed by heart failure hospitalization and then 
WKF.8 18 Another important aspect to consider is the 
evolution of renal function over time that can be much 
more subtle and harder to detect than a rapid eGFR 
drop. Our study also shows that patients with T2D have a 
tendency to see their renal function deteriorate contin-
uously with time, even in patients who did not experi-
ence a heart failure or cardiovascular death event during 
the follow- up, which does not mean that they could not 
experience such event(s) or progress toward CKD if the 

Table 2 Time- updated models for risk of cardiovascular events after worsening kidney function and hospitalization for heart 
failure

WKF

CV death or HHF

Event (n=677),
n (%)

No event (n=117 985),
n (%)

Crude HR
(95% CI)

Adjusted HR
(95% CI)* P value*

>30% eGFR drop 
(n=18 585)

242 (35.7) 18 343 (15.6) 2.23 (1.88 to 2.64) 1.97 (1.66 to 2.34) <0.001

>40% eGFR drop 
(n=8211)

152 (22.5) 8059 (6.8) 2.75 (2.25 to 3.36) 2.51 (2.06 to 3.07) <0.001

>50% eGFR drop 
(n=3246)

83 (12.3) 3163 (2.7) 3.21 (2.48 to 4.16) 3.03 (2.33 to 3.92) <0.001

WKF

CV death

Event (n=331),
n (%)

No event (n=118 331),
n (%)

Crude HR
(95% CI)

Adjusted HR
(95% CI)* P value*

>30% eGFR drop 
(n=18 585)

96 (29.0) 18 489 (15.6) 2.09 (1.62 to 2.70) 1.89 (1.47 to 2.45) <0.001

>40% eGFR drop 
(n=8211)

56 (16.9) 8155 (6.9) 2.57 (1.87 to 3.51) 2.41 (1.77 to 3.29) <0.001

>50% eGFR drop 
(n=3246)

31 (9.4) 3215 (2.7) 3.35 (2.23 to 5.03) 3.29 (2.19 to 4.92) <0.001

HHF (n=444) 98 (29.6) 346 (3.5)† 8.58 (6.67 to 11.0) 5.17 (3.91 to 6.83) <0.001

No interaction of WKF by baseline eGFR was observed; interaction p>0.1 in all models.
*Model adjusted for age (≤65 years vs >65 years), sex (female vs male), history of cardiovascular disease including hospitalization for heart 
failure (yes vs no), urinary albumin to creatinine ratio (≤30 mg/g vs >30 mg/g), waist circumference (≤88 cm for women and ≤102 cm for men 
vs >88 cm for women and >102 cm for men), glycated hemoglobin (≤8% vs >8%), and randomized treatment (intensive vs standard glucose- 
lowering treatment).
†Only the first HHF episode registered in the data set.
CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalization for heart failure; WKF, worsening kidney function.

Table 3 Multistate model transition matrix according to 
patients’ risk

Transition ‘states’ HR (95% CI)* P value

Transition 1: from 
baseline to WKF

1.37 (1.21 to 1.56) <0.001

Transition 2: from 
baseline to CVD/HHF

4.76 (3.63 to 6.23) <0.001

Transition 2: from WKF to 
CVD/HHF

6.20 (2.71 to 14.8) <0.001

WKF defined as >40% estimated glomerular filtration rate drop 
from baseline.
*HR comparing a medium- risk/high- risk patient with a low- risk 
patient. A low- risk patient is a patient with up to 3 risk points. A 
patient with more than 3 risk points is a medium- risk/high- risk 
patient (see also online supplemental table 1).
CVD, cardiovascular death; HHF, hospitalization for heart failure; 
WKF, worsening kidney function.
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trial had continued for a longer period. For this reason, 
on top of WKF, it is also important to assess the impact 
of treatments on the continuous deterioration of renal 
function over time (eg, using eGFR ‘slope’ analysis).19

Diabetes mellitus is the main cause of CKD worldwide, 
affecting up to 40% of people with T2D.20 The develop-
ment of CKD increases the risk of heart failure and death 
by several- fold compared with patients with T2D but 
without CKD.21 As newer treatments, such as SGLT1/2i 
and finerenone, showed to improve both cardiac and 
kidney outcomes in patients with T2D, it is expected that 
in the future more trials expand their primary outcomes 
to include WKF, as this would increase the study power 
while preserving the clinical meaning of the findings. 
This work provides a robust framework advocating for 
such WKF outcome inclusion.

Limitations
Some important limitations should be acknowledged in 
our study. This is a post- hoc analysis of an open- label, 
randomized controlled trial with a factorial design, 

whereby from the 10 251 patients included in the present 
analysis 4733 were included in the blood pressure arm 
by being randomly assigned to receive either intensive 
or standard (less intensive) antihypertensive therapy. 
In addition, 5518 patients were included in the lipid- 
lowering arm by being randomly assigned to receive 
either fenofibrate or placebo while maintaining low- 
density lipoprotein cholesterol control with simvastatin. 
Given this trial design, our findings may not apply to other 
populations of T2D with more stable and updated treat-
ment regimens. WKF was not a prespecified endpoint in 
the ACCORD trial. Furthermore, patients in the inten-
sive therapy arm had more frequent study visits, which 
might have led to more opportunities to capture WKF 
episodes. Despite using several statistical techniques with 
consistent findings, causality cannot be established from 
these results.

CONCLUSION
In patients with T2D and a high cardiovascular risk, a 
drop in eGFR superior to 40% from baseline occurs in 

Figure 3 Multistate models representing the probability of event- free survival, WKF, and CVD or hospitalization for heart 
failure by patients’ baseline risk. Probabilities are displayed as a comparison of a medium- risk/high- risk patient with a low- risk 
patient. A low- risk patient is a patient with up to 3 risk points. A patient with more than 3 risk points is a medium- risk/high- risk 
patient (see also online supplemental table 1). CVD, cardiovascular death; HFH, heart failure hospitalization; WKF, worsening 
kidney function.
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more than 10% of patients and is independently asso-
ciated with a substantial increase in risk of subsequent 
cardiovascular events, irrespective of baseline eGFR. 
Preventing serious WKF and the transition from WKF to 
HHF or cardiovascular death is an important objective of 
future trials.
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Supplemental Table 1. Simple integer risk model for cardiovascular death or 
hospitalization for heart failure 

Variable HR (95%CI) Coef. Points p-value 

History of CV disease 2.85 (2.43-3.34) 1.05 +3 <0.001 

UACR >30 mg/g 2.36 (2.02-2.74) 0.86 +2 <0.001 

Age >65 years 1.65 (1.40-1.93) 0.50 +2 <0.001 

eGFR <90 ml/min/1.73m2 1.38 (1.16-1.63) 0.32 +1 <0.001 

HBA1C >8% 1.36 (1.16-1.59) 0.31 +1 <0.001 

Waist circumference (high) 1.34 (1.11-1.60) 0.29 +1 0.002 

Men 1.19 (1.01-1.41) 0.17 +1 0.049 

Legend: CV, cardiovascular disease including prior hospitalization for heart failure; 
High waist circumference, >88 cm for women and >102 cm for men; BP, blood 
pressure; HBA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate; 
UACR, urinary albumin-to-creatinine ratio. 
Model adjusted on the randomized treatment (intensive vs. standard glucose 
lowering treatment).  
Model C-index for cardiovascular death or hospitalization for heart failure =0.73. 
Model C-index for cardiovascular death =0.72. 
Total integer score =11 points (n =10251). Risk tertiles: ≤3 points =low risk (n 
=3453); 4-6 points =medium risk (n =4217); 7-11 points =high risk (n =2581). 
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Supplemental Table 2. Associations between “sustained” WKF and subsequent 
cardiovascular mortality 

WKF 
CV death  

Event 
(n =331) 

No Event 
(n =9917) 

Adjusted HR 
(95%CI)* 

P-value* 

>30% eGFR drop 
141 

(42.6%) 
4198 

(42.3%) 
1.46 (0.94-2.25) 0.085 

>40% eGFR drop 
88 

(26.6%) 
2280 

(23.0%) 
1.96 (1.18-3.24) 0.009 

>50% eGFR drop 
44 

(13.3%) 
1047 

(10.6%) 
2.67 (1.42-5.02) 0.002 

Legend: CV, cardiovascular; WKF, worsening kidney function; eGFR, estimated 

glomerular filtration rate.  

“Sustained” WKF was defined by an eGFR drop >30%, 40% or 50% in at least 2 

consecutive visits separated by a minimum of 3 months.   
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Supplemental Figure 1. Incidence of cardiovascular death after a hospitalization for 
heart failure  

 
Legend: CV, cardiovascular; HF, heart failure; HFH, heart failure hospitalization.  
Adjusted HR (95%CI) for the composite of cardiovascular death or heart failure 

hospitalization after a HHF = 5.17 (3.91-6.83), p <0.001 (see also the Table 2). 
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Supplemental Figure 2. E-value analysis to assess the robustness of the 
associations of an eGFR drop of 30%, 40% and 50% with the outcome of 
cardiovascular death 

A) E-value for >30% eGFR drop 

 
 

B) E-value for >40% eGFR drop 

 
 

C) E-value for >50% eGFR drop 
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Legend: An eGFR >30% has an E-value of 2.48 which is very close to the hazard 
ratio observed for urinary albumin-to-creatinine (HR =2.36) ratio and history of 
cardiovascular disease (HR =2.85), meaning that another (or multiple) covariate(s) 
with such association(s) could offset the association of an eGFR >30% back to null 
(HR =1). The E-values for eGFR >40% and >50% are greater than 3, suggesting that 
it would be unlikely for a covariate to offset these associations back to the null.  
  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2021-002408:e002408. 9 2021;BMJ Open Diab Res Care, et al. Ferreira JP



7 

 

Supplemental Figure 3. Joint model for eGFR change throughout the follow-up in 
patients with and without a cardiovascular death or hospitalization for heart failure 
composite event 

 
Legend: Event, cardiovascular death or hospitalization for heart failure; eGFR, 
estimated glomerular filtration rate (log transformed). 
Joint-model association of continuous log eGFR change with the composite of 
cardiovascular death or hospitalization for heart failure: Coef. (95%CI) =0.46 (0.39-
0.52), p <0.001. 
Joint-model association of >40% eGFR drop with the composite of cardiovascular 
death or hospitalization for heart failure: Coef. (95%CI) =1.85 (1.60-2.11), p <0.001. 
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