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Abstract:  
 
Objective: Clear criteria to individualize glycemic targets are lacking. In this post-hoc analysis 
of the Action to Control Cardiovascular Risk in Diabetes trial (ACCORD), we evaluate whether 
the kidney failure risk equation (KFRE) can identify patients who disproportionately benefit 
from intensive glycemic control on kidney microvascular outcomes. 
 
Research design and methods: We divided the ACCORD trial population in quartiles based on 
5-year kidney failure risk using the KFRE. We estimated conditional treatment effects within 
each quartile and compared them to the average treatment effect in the trial. The treatment 
effects of interest were the 7-year restricted-mean-survival-time (RMST) differences between 
intensive and standard glycemic control arms on (1) time-to-first development of severely 
elevated albuminuria or kidney failure and (2) all-cause mortality.     
 
Results: We found evidence that the effect of intensive glycemic control on kidney 
microvascular outcomes and all-cause mortality varies with baseline risk of kidney failure. 
Patients with elevated baseline risk of kidney failure benefitted the most from intensive glycemic 
control on kidney microvascular outcomes (7-year RMST difference of 115 v. 48 days in the 
entire trial population) However, this same patient group also experienced shorter times to death 
(7-year RMST difference of -57 v. -24 days).   
  
Conclusions: We found evidence of heterogenous treatment effects of intensive glycemic 
control on kidney microvascular outcomes in ACCORD as a function of predicted baseline risk 
of kidney failure. Patients with higher kidney failure risk experienced the most pronounced 
benefits of treatment on kidney microvascular outcomes but also experienced the highest risk of 
all-cause mortality.  
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Introduction: 
Type 2 diabetes is a widespread non-communicable disease of increasing prevalence wherein 
complications contribute to morbidity and mortality, requiring staggering healthcare 
expenditures1. The leading cause of kidney failure, blindness, peripheral neuropathy, and lower 
limb amputation, type 2 diabetes is also a dominant risk factor for atherosclerotic cardiovascular 
disease and mortality. Effective glycemic control is fundamental to diabetes management; for 
patients who require more than non-pharmacological (lifestyle) management strategies, an array 
of oral and injectable medications have been introduced over the past two decades. Despite an 
expansion of therapeutic options, there remains uncertainty regarding the benefits and risks of 
the intensity of glycemic control for patients with type 2 diabetes2,3.  
 
Previously conducted randomized controlled trials have shown that intensive glycemic control 
reduces microvascular events and may reduce macrovascular events, but increases the risk of 
serious hypoglycemic events and may increase the risk of mortality4–7. Although newer 
pharmacological therapies have reduced the risks of serious hypoglycemia, nearly all clinical 
diabetes management guidelines advocate personalizing glycemic targets to reduce the potential 
for harm8–12. Unfortunately, clear criteria for how to individualize glycemic targets are lacking13. 
Intensive glycemic control has consistently been shown to reduce the risk of microvascular 
disease, explained largely by its effect on albuminuria14. Therefore, identifying patients who 
differentially benefit from intensive glycemic control on kidney microvascular outcomes would 
be a promising approach to individualize glycemic targets.  
 
Heterogeneous treatment effects occur when the effect of treatment depends on the baseline 
covariates. Conventional subgroup analyses (e.g. testing “one-variable-at-a-time” interactions) in 
RCTs of intensive glycemic control have failed to identify meaningful heterogeneity in treatment 
effects on microvascular outcomes14. These analyses, however, have only explored 
heterogeneous treatment effects on the hazard ratio/relative scale, despite the fact that such 
effects are best understood on the absolute scale15. Indeed, the lack of heterogeneity of treatment 
effects on the relative scale does not imply lack of heterogeneity of treatment effects on the 
absolute scale. Perhaps more importantly, conventional approaches to subgroup analysis are 
underpowered, prone to spurious false positive results due to multiple testing, and under-
represent true clinical heterogeneity, in which patients differ from one another across many 
variables simultaneously16. Instead, modern predictive approaches to characterizing 
heterogeneous treatment effects group patients using many clinically salient variables 
simultaneously, and are better at detecting important treatment effect heterogeneity obscured by 
conventional analyses15–18.   
 
In this work, we employed a risk-based approach to identifying heterogeneous treatment effects, 
in which a multivariable model that predicts risk for the outcome is used to stratify patients 
within the trial to quantify risk-based variation in treatment effects. In this post-hoc analysis of 
ACCORD, we evaluated whether the kidney failure risk equation (KFRE), a validated tool that 
integrates patient’s baseline age, sex, estimated glomerular filtration rate, and urine albumin-to-
creatinine ratio into a risk score for kidney failure, identified patients who could 
disproportionately benefit from intensive glycemic control19,20.   
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Methods: 
  
Data. This is a post-hoc secondary analysis of the limited-access ACCORD BioLINCC dataset 
obtained from the United States National Institutes of Health. Details of the ACCORD study 
population, interventions and study procedures have been previously published4,7. In brief, 10251 
patients with diabetes, HbA1c greater than 7.5% and cardiovascular disease (two or more 
cardiovascular risk factors), were randomly assigned to intensive glycemic control 
(HbA1c<6.0%) or standard glycemic control (HbA1c 7.0 to 7.9%).    
 
Outcomes. The primary outcomes of interest in this analysis were: (1) kidney microvascular 
events, defined as the composite of the time to first development of severely elevated 
albuminuria (urine albumin-to-creatinine ratio >=300 mg/g) or time to first development of 
kidney failure, defined as initiation of maintenance dialysis or kidney transplantation, or an 
increase in serum creatinine > 3.3 mg/dL in the absence of an acute reversible cause; (2) all-
cause mortality. Kidney microvascular events were pre-specified outcomes in ACCORD, and the 
original definitions are used here7.     
 
Treatment effect of interest. There are several metrics used to define treatment effects with time-
to-event data. Heterogeneous treatment effects are best understood on the absolute risk scale, and 
as such, the treatment effect of interest here is the 7-year restricted mean survival time (RMST) 
difference for each of the outcomes under intensive versus standard glycemic control17,21,22. The 
RMST captures the average time free from a clinical event, within a specific time window 
(hence, “restricted”). The RMST difference, a measure of the treatment effect, is the average 
time delay in the onset of an event under treatment versus control, within a specific time 
window. It has been shown that one can make inferences about the RMST up to the largest 
follow-up time in the study23. As such, in this analysis, we focus on the 7-year RMST difference 
between intensive and standard glycemic control, as in the ACCORD study, patients were 
followed for up to 7 years. The RMST difference has an additional geometric interpretation as 
the area between the two estimated survival curves of interest.    
 
Statistical analysis. We analyzed the data in accordance with the intention-to-treat principle, with 
the goal of quantifying heterogeneous treatment effects of intensive glycemic control on kidney 
microvascular outcomes and all-cause mortality. Heterogeneous treatment effects occur when the 
effect of treatment varies with baseline covariates in a non-random way. In this work, we employ 
the “risk-modeling” approach, in which a multivariable model that predicts risk for the outcome 
is applied to stratify patients within the trial to examine risk-based variation in treatment effects. 
The premise behind using risk-modeling to identify heterogeneous treatment effects is that the 
effect of treatment will vary with baseline risk of the outcome (also called “risk 
magnification”)15,17,18. While this is not universally true, several successful applications of risk-
modeling to identify heterogenous treatment effects have been published in large cardiovascular 
trials. Risk-based analyses using multivariable risk prediction tools are better powered than 
conventional subgroup analyses, and have a lower risk of false-positive findings16. Though a 
risk-model can be developed using data from the RCT itself, an externally developed prediction 
model is preferred since over-fitting data in the trial population can exaggerate the degree of risk 
heterogeneity. Externally developed prediction models are also more likely to be generalizable 
and have clinical utility. As such, in this work, we utilized externally developed risk prediction 
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models to explore heterogenous treatment effects of intensive glycemic control on kidney 
outcomes19,20,24. If treatment effects truly varied with patients’ baseline risk of the outcome, we 
would expect a biologically plausible relationship between risk and the treatment effect (e.g. a 
monotone increasing treatment effect with risk or a U-shaped curve between risk and treatment 
effects).         
 
For participants with available data, we calculated the 5-year risk of kidney failure using the 
kidney failure risk equation (KFRE), which incorporates information on baseline age, sex, 
estimated glomerular filtration rate (using the race-free CKD-EPI 2021 equation), and urine 
albumin-to-creatinine ratio. We estimated the empirical distribution of 5-year risk of kidney 
failure in the entire trial population, and determined the 25th, 50th and 75th percentiles of the 
empirical distribution. We grouped patients into quartiles of their 5-year risk of kidney failure.  
 
Using the overall trial population, we estimated the average treatment effect as the 7-year RMST 
difference between intensive and standard glycemic control for the composite kidney 
microvascular outcome and all-cause mortality (average treatment effect). Randomization is not 
guaranteed to achieve covariate balance within subgroups. Therefore, within each quartile of 
predicted 5-year risk of kidney failure, before estimating treatment effects, we first quantified the 
balance of the baseline covariates across the treatment and control arms. Baseline variables with 
absolute standardized mean differences >0.10 would require adjustment in the RMST estimation, 
e.g. by using an ANCOVA-type adjustment for these covariates. Within each quartile, we 
estimated the 7-year RMST difference between intensive and standard glycemic control for the 
composite kidney microvascular outcome and all-cause mortality (conditional average treatment 
effects).  
 
We quantified evidence for heterogeneous treatment effects by calculating the difference 
between the average treatment effect in the entire trial population and the conditional average 
treatment effects within each subgroup defined by quartiles of predicted 5-year risk of kidney 
failure. We estimated standard errors and associated 95% confidence intervals for the conditional 
average treatment effects as well as their differences with the average treatment effect via a 
bootstrap procedure with 1000 replicates. A significant non-zero difference (associated 95% CI 
does not contain zero) between the average treatment effect and the conditional average 
treatment effect in a subgroup indicates evidence of treatment effect heterogeneity.  
 
To allow for comparison with conventional metrics of treatment effects in time-to-event data, we 
also present estimated hazard ratios using Cox’s proportional hazards models.   
 
Companion analyses. In companion analyses, we explored treatment effects within the quartiles 
of 5-year predicted kidney failure risk on the time to first medically-attended hypoglycemic 
event, a relevant adverse event in the setting of glycemic control. We also explored treatment 
effects within deciles of 5-year predicted kidney failure risk. Finally, we implemented an 
alternative risk model that specifically predicts early diabetic kidney disease24. As with the 
KFRE, we evaluated for heterogeneous treatment effects within quartiles of predicted diabetic 
kidney disease risk based on the alternative model.   
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Reproducibility. All code to reproduce this analysis is available at 
https://github.com/janewliang/ACCORD_KFRE.  
 
Results: 
Of 10251 participants randomized in ACCORD, 9777 (4904 randomized to intensive and 4873 
randomized to standard glycemic control; 95.3%) had available baseline covariate data (age, sex, 
estimated glomerular filtration rate, and urine albumin-to-creatinine ratio) to estimate 5-year 
predicted kidney failure risk via the Kidney Failure Risk Equation (KFRE). The average effect of 
intensive glycemic control in the trial eligible population was to delay the onset of severely 
elevated albuminuria or kidney failure by 48.4 days over a 7-year period (7-year RMST 
difference: 48.4 days [95% CI: 25.3 - 69.6]; corresponding hazard ratio: 0.75 [95% CI: 0.65–
0.86]; Figure S1). In contrast, the average effect of intensive glycemic control was to shorten the 
time to death by 23.6 days over a 7-year period (7-year RMST difference: -23.6 days [95% CI: -
42.2 to -6.6]; hazard ratio: 1.20 [95% CI: 1.04–1.40]; Figure S1).     
 
Our goal was to assess whether effects of intensive glycemic control on kidney microvascular 
outcomes and all-cause death varied with patients’ baseline risk of kidney failure. The 
distributions of 5-year predicted kidney failure risk based on the KFRE were similar in the 
intensive and standard glycemic control arms (Figure S2). The 25th, 50th and 75th percentiles of 
the empirical distribution of 5-year predicted kidney failure risk in the entire trial population 
were used to divide trial participants into four mutually exclusive subgroups. The 5-year 
predicted kidney failure risk ranged between zero and 0.004% (mean: 0.002%) in the first 
quartile; 0.004 and 0.014% (mean: 0.008%) in the second; 0.014 and 0.078% (mean: 0.034%) in 
the third; and 0.078 and 97% (mean: 0.99%) in the fourth. Table 1 displays the baseline 
characteristics of patients in each of the four subgroups. Compared to patients with the lowest 
predicted 5-year risk of kidney failure (quartile 1 [Q1]), those with the highest risk of kidney 
failure (quartile 4 [Q4]) were more likely to be male, Black, and older in age, have lower fasting 
plasma glucose, higher urine albumin-to-creatinine ratio, higher serum creatinine and lower 
eGFR (Table 1). We found that baseline covariates were well-balanced between the treatment 
and control arms within each subgroup; absolute standardized mean differences were uniformly 
below 0.10 (Figure S3).      
 
We found evidence that the effect of intensive glycemic control on kidney microvascular 
outcomes varied with baseline risk of kidney failure (Figure 1; Figure 2). First, we quantified 
how the effect of intensive glycemic control within each of the four subgroups differs from the 
overall average treatment effect in the trial. In the absence of heterogenous treatment effects, the 
effect of intensive glycemic control in each subgroup would be equivalent to the average 
treatment effect in the entire trial population, and thus the difference in treatment effects between 
each subgroup and the overall trial population would be zero. In contrast, we found that 
compared to the average treatment effect in the entire trial population, patients in Q1 had lower 
treatment effects (difference in RMST differences between the overall trial effect and Q1 effect: 
−38.3 days [95% CI: −71.0 to −6.3]), and patients in Q4 experienced more than double the 
average treatment effect (difference in RMST differences between the overall trial effect and Q4 
effect: 66.4 days [95% CI: 19.5 to 118.1]; Figure 1, Table 2). Patients in Q2 and Q3 experienced 
treatment effects similar to the average treatment effect (Figure 1). More specifically, translating 
these findings to the original treatment effect scale, we estimate that for patients with 5-year 
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predicted kidney failure risk less than 0.004% (Q1), intensive glycemic control delayed the onset 
of severely elevated albuminuria or kidney failure by 10.1 days over a 7-year window (95% CI: 
−23.9 to 43.1), while for patients with a 5-year predicted kidney failure risk greater than 0.08% 
(Q4), intensive glycemic control delayed this onset by 114.8 days (95% CI: 58.1 to 176.4; Table 
2). These results indicate that the average treatment effect observed in the entire trial population 
was predominantly driven by the effect seen in patients with elevated 5-year kidney failure risk. 
In companion analyses, we further demonstrated that the effect of intensive glycemic control on 
the composite kidney outcome in patients in the highest quartile of kidney failure risk is largely 
driven by its effect on the incident severely elevated albuminuria outcome (Figure S4). We also 
demonstrated consistent, monotone, results when considering deciles of predicted 5-year kidney 
failure risk (rather than quartiles; Figure S5).     
 
We also found evidence that the effect of intensive glycemic control on all-cause mortality varies 
with baseline risk of kidney failure (Figure 4B; Figure 6). The effect of intensive glycemic 
control on all-cause mortality for patients in Q1 and Q2 of 5-year predicted kidney failure risk 
were similar to the overall population; however, patients in Q3 experienced a lower risk of 
mortality than average (difference in RMST differences between the overall trial effect and Q3 
effect: 34.7 days [95% CI: 7.3 to 63.8]; Figure 4B) and patients in Q4 experienced a higher risk 
of mortality than average (difference in RMST differences between the overall trial effect and 
Q4 effect: -33.1 days [95% CI: -66.4 to -0.5]; Figure 4B). Translating these comparisons to the 
original treatment effect scale, we estimate that for patients in Q4 of 5-year predicted kidney 
failure risk, intensive glycemic control shortens the time to death by 56.7 days over a 7-year time 
frame (7-year RMST difference: -56.7 days [95% CI: -100.2 to -17.5]).         
 
In companion analyses, we found evidence that the effect of intensive glycemic control on the 
time-to-first-attended hypoglycemic event also varied with baseline KFRE risk; patients with the 
highest risk of kidney failure experienced the shortest time-to-first-hypoglycemic event on 
intensive glycemic control (Figure S6-S7). We assessed how an alternative risk score for 
diabetic kidney disease performed in identifying heterogeneous treatment effects; we found no 
evidence for heterogeneous treatment effects of intensive glycemic control on the composite 
kidney outcome or all-cause mortality when grouping patients based on the diabetic kidney 
disease risk score developed by Jiang et al24. (Figures S8-S10).   
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Discussion:  
 
In this post-hoc analysis of ACCORD, we demonstrated heterogeneous absolute treatment 
effects of intensive glycemic control (target HgbA1C <6.0%) on kidney microvascular outcomes 
and all-cause mortality based on baseline 5-year predicted risk of kidney failure using the kidney 
failure risk equation (KFRE). We found that patients in the highest quartile of 5-year risk of 
kidney failure at baseline (greater than 0.08% by KFRE) benefitted disproportionately from 
intensive glycemic control on the composite kidney outcome (incident severely elevated 
albuminuria or kidney failure; 7-year RMST difference of 114.8 days [95% CI: 58.1 to 176.4]), 
but also experienced an increased risk of all-cause death (7-year RMST difference: −56.7 days 
[95% CI: −100.2 to −17.5]). Absolute treatment effects in the highest quartile of kidney failure 
risk were approximately two-to-three-fold those in the entire trial population.   
 
There remains debate about the role of intensive glycemic control in the management of patients 
with type II diabetes. While nearly all guidelines recommend individualized glycemic targets, the 
American Diabetes Association (ADA), International Diabetes Federation (IDF) and European 
Association for the Study of Diabetes (EASD) recommend an A1C target of less than 7% for 
most adults with type II diabetes; the American Association for Clinical Endocrinologists 
(AACE) recommends an HgbA1C target of less than 6.5%. Based on the results of several large 
clinical trials, including ACCORD, the primary benefit of intensive glycemic control is reduced 
risk of microvascular complications, mostly driven by kidney microvascular outcomes14. Our 
analysis demonstrates that the observed effect of intensive glycemic control on renal 
microvascular outcomes in ACCORD is almost entirely driven by a subset of patients 
representing one-quarter of the trial eligible population at elevated risk of kidney failure at 
baseline. To our knowledge, ours is the first study to demonstrate that the benefit of intensive 
glycemic control on renal microvascular outcomes was most pronounced in a subset of patients 
in ACCORD.     
 
Several studies have explored potential mechanisms for the increase in mortality observed 
among participants randomized to intensive glycemic control in ACCORD25–29. Our finding that 
patients at higher risk of kidney failure at baseline also experienced higher risks of mortality with 
intensive glycemic control echoes prior work demonstrating increased cardiovascular mortality 
under intensive glycemic control for patients with CKD in ACCORD30. Definitive explanations 
to account for the increased mortality in this group of patients, however, are lacking. 
Importantly, other large randomized trials of intensive glycemic control, ADVANCE and 
VADT, did not demonstrate increased mortality among patients receiving intensive glycemic 
control, and, in the modern era, new pharmacologic strategies may allow for glycemic control 
with lower risks of hypoglycemia than with insulin and/or sulfonylurea agents used in 
ACCORD. Whether our findings in ACCORD are reproducible in other randomized trials of 
intensive glycemic control, VADT and ADVANCE, remains to be seen5,6.  
 
Our study has several strengths. First, we quantify treatment effects on the absolute scale, using 
the RMST metric. The RMST captures the mean survival time in each treatment arm over a time 
window, with the difference in RMSTs describing the delay in onset of the outcome of interest 
between the treatment arms. In contrast to the hazard ratio, the RMST has a causal interpretation 
and a direct interpretation31–33 Second, we employed a risk-modeling approach to identify 
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heterogenous treatment effects of intensive glycemic control on renal microvascular outcomes, 
utilizing an externally-validated risk score. The risk-modeling approach aims to subgroup 
patients based on baseline risk of the outcome using multiple clinically meaningful baseline 
covariates, avoiding potential issues with conventional “one-variable-at-a-time” subgroup 
identification. While this approach has been successfully employed to characterize 
heterogeneous treatment effects in several cardiovascular trials18, it has been underutilized in 
kidney disease trials. To our knowledge, this is the first study exploring heterogenous treatment 
effects on renal outcomes in ACCORD, and the first study to evaluate whether treatment effects 
on kidney outcomes might vary with a well-validated risk score for kidney failure. Additionally, 
our study highlights several critical methodological considerations when exploring heterogenous 
treatment effects in randomized trials using similar approaches: (1) it is essential to consider 
treatment effects on both potential benefits and adverse events – our analysis demonstrates the 
subgroup that derived the largest absolute benefit on kidney outcomes from intensive glycemic 
control also experienced the largest absolute risk for hypoglycemic events and all-cause 
mortality; (2) the choice of risk score is essential in studies employing a risk-modeling approach 
– we were not able to identify meaningful heterogenous treatment effects using an alternative 
risk score developed for diabetic kidney disease (see supplement)24. Overall, our approach is 
straightforward, and could have promising applications to several newer kidney disease clinical 
trials, including those of sodium-glucose transport protein 2-inhibitors and glucagon-like-1 
receptor agonists. To encourage applications of these methods, we have made code publicly 
available.  
 
Several limitations must also be mentioned. First, we used the KFRE to estimate patients’ 5-year 
risk of kidney failure at baseline19,20. The KFRE was developed to predict kidney failure in 
patients with CKD stages 3-5, while the majority of ACCORD participants did not have CKD at 
baseline; we note that the KFRE is often used in patients with early-stage CKD (stage 2) as 
well34,35. We did also assess heterogenous treatment effects using an alternative risk score that 
specifically predicts early diabetic kidney disease, but we failed to identify meaningful 
heterogeneity in treatment effects on renal outcomes using this score24. It is possible that an 
alternative risk score would provide a more optimal grouping of patients than the KFRE as well. 
Second, while risk-modeling is an elegant approach to identifying heterogenous treatment 
effects, the underlying assumption of the approach is that treatment effects will vary with 
baseline risk for the outcome. While this is certainly reasonable in many clinical contexts, it is 
not guaranteed, mathematically or clinically. Lastly, kidney function was only evaluated at 
scheduled visits causing interval censoring and the precise time of severely elevated albuminuria 
or kidney failure was unknown in general, which may reduce the power of the analysis. 
However, due to randomization, it is unlikely that interval censoring introduced systematic bias 
in estimating the treatment effects.  
 
A validated tool to predict kidney failure identified individuals who gain the largest absolute 
kidney benefit, but also experienced the largest absolute risk of death from the ACCORD 
intensive glycemic control treatments. Our findings illustrate the value of applying modern 
predictive approaches to uncover clinically meaningful treatment heterogeneity for diabetes and 
kidney disease therapies, particularly when treatments have effects on multiple endpoints.  
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Figure 1. Heterogeneous treatment effects of intensive glycemic control on (A) the composite kidney outcome and (B) all-cause 
death. The x-axis displays each subgroup of patients, defined by quartiles of 5-year predicted risk by the KFRE. The y-axis displays 
the normalized restricted mean survival time (RMST) difference in days, defined as the RMST difference in the subgroup of interest 
minus the RMST difference in the entire trial. Normalized RMST values of zero indicate that the treatment effect in the subgroup of 
interest is equivalent to that in the entire trial population (no evidence of heterogeneous treatment effects). Normalized RMST values 
above zero (including the 95% confidence interval) indicate that the treatment effect in the subgroup of interest is larger than the 
treatment effect in the entire trial population (more beneficial); values below zero indicate that the treatment effect in the subgroup of 
interest is below that in the entire trial population (more harmful).   
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Figure 2. (A-D): Heterogeneous treatment effects of intensive versus standard glycemic control on the composite kidney outcome, by 
quartile of KFRE 5-year predicted risk at baseline. Plots demonstrate cumulative incidence curves by quartile of KFRE 5-year 
predicted risk at baseline; hazard ratios and the 7-year restricted mean survival time difference between treatment and control arms are 
presented in days. (E-H) Heterogeneous treatment effects of intensive versus standard glycemic control on all-cause mortality, by 
quartile of KFRE 5-year predicted risk at baseline. Plots demonstrate cumulative incidence curves by quartile of KFRE 5-year 
predicted risk at baseline; hazard ratios and the 7-year restricted mean survival time difference between treatment and control arms are 
presented in days.         
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 5-year KFRE risk quartiles 
 Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 
Demographics/anthropomorphic 
measurements 

     

Female gender (yes/no) 0.38 (0.49) 0.48 (0.5) 0.3 (0.46) 0.34 (0.47) 0.39 (0.49) 
White (yes/no) 0.62 (0.48) 0.66 (0.47) 0.67 (0.47) 0.61 (0.49) 0.57 (0.5) 
Black (yes/no) 0.19 (0.39) 0.11 (0.31) 0.14 (0.35) 0.23 (0.42) 0.29 (0.45) 
Hispanic (yes/no) 0.07 (0.26) 0.09 (0.28) 0.07 (0.26) 0.06 (0.25) 0.06 (0.24) 
Other race/ethnicity (yes/no) 0.11 (0.32) 0.14 (0.35) 0.12 (0.33) 0.1 (0.3) 0.09 (0.28) 
Baseline age (years) 62.1 (9.5) 58.6 (6) 62 (8.6) 63.6 (9.4) 65.15 (10.3) 
Body mass index (kg/m2) 31.83 (7.71) 32.27 (8.13) 31.81 (7.47) 31.7 (7.64) 31.54 (7.6) 
Laboratory data       
Systolic blood pressure (mmHg) 136 (22) 133 (20) 135 (21) 136 (23) 138 (23) 
Diastolic blood pressure (mmHg) 75 (14) 76 (13) 75 (14) 75 (15) 73 (16) 
Pulse pressure (mmHg) 60 (19) 56 (17) 60 (18) 61 (18) 65 (21) 
Total cholesterol (mg/dL) 178 (53) 182 (54) 177 (53) 176 (51) 178 (52) 
Triglycerides (mg/dL) 156 (122) 161 (131) 156 (121.5) 148 (115) 158 (121) 
Very low density lipoprotein (mg/dL) 31 (25) 32 (26) 31 (25) 30 (23) 32 (24) 
Low density lipoprotein (mg/dL) 101 (44) 102 (45) 99 (43) 100 (42) 101 (44.5) 
High density lipoprotein (mg/dL) 40 (14) 40 (13) 39 (13) 40 (13) 40 (15) 
Alanine aminotransferase (mg/dL) 24 (14) 25 (14) 25 (15) 24 (13.12) 22 (12) 
Creatine Phosphokinase (mg/dL) 106 (92) 91 (74) 102 (83) 113 (102) 120 (113) 
Fasting plasma glucose (mg/dL) 168 (65) 173 (67) 170 (63) 167 (63.25) 163 (67) 
Glycosylated hemoglobin (%) 8.1 (1.3) 8.1 (1.3) 8.1 (1.3) 8.1 (1.2) 8.2 (1.3) 
Urinary albumin (mg/dL) 1.69 (4.48) 0.9 (1.09) 1.94 (4.14) 1.85 (5.54) 3.99 (15.82) 
Urinary creatinine (mg/dL) 116.9 (77.5) 112.7 (73.4) 116.3 (80.1) 121.3 (78.55) 116.75 (76.23) 
Urinary albumin to creatinine ratio 
(mg/g) 

14 (40) 8 (9) 17 (40) 15 (44.5) 35 (153) 

Estimated glomerular filtration rate 
(mL/min/1.73m2) 

87.95 (26.47) 102.37 (6.11) 95.91 (9.16) 81.83 (9.54) 63.3 (13.24) 

Serum creatinine (mg/dL) 0.9 (0.2) 0.7 (0.2) 0.8 (0.2) 1 (0.2) 1.2 (0.3) 
Medications      
Anti-hypertension medication (yes/no) 0.81 (0.39) 0.74 (0.44) 0.8 (0.4) 0.83 (0.37) 0.87 (0.33) 
Cholesterol-lowering medication 
(yes/no) 

0.68 (0.47) 0.65 (0.48) 0.68 (0.47) 0.7 (0.46) 0.71 (0.46) 

Diuretic medication (yes/no) 0.37 (0.48) 0.25 (0.44) 0.32 (0.46) 0.39 (0.49) 0.51 (0.5) 
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Table 1. Baseline characteristics of ACCORD patients, overall, and by quartile of 5-year predicted risk of kidney failure via the 
kidney failure risk equation. Data are presented as mean (SD).      
  

Insulin (yes/no) 0.35 (0.48) 0.28 (0.45) 0.3 (0.46) 0.37 (0.48) 0.45 (0.5) 
Oral diabetes medication (yes/no) 0.83 (0.37) 0.85 (0.36) 0.85 (0.35) 0.84 (0.37) 0.78 (0.41) 
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Population/outcome of 

interest 
7-year RMST difference 

(95% CI; days) 
Difference between the 7-
year RMST difference in 

each quartile and that in the 
overall trial* 

(95% CI; days) 

Hazard Ratio 
(95% CI) 

 

Composite kidney outcome    
Overall trial 48.40 (25.34, 69.60) Ref. 0.75 (0.65-0.86) 
KFRE Q1 10.14 (-23.9, 43.13) -38.25 (-70.97, -6.26) 0.93 (0.63-1.37) 
KFRE Q2 40.07 (-4.65, 84.7) -8.33 (-46.88, 31.06) 0.78 (0.59-1.04) 
KFRE Q3 50.08 (7.95, 92.69) 1.68 (-35.00, 36.96) 0.73 (0.54-0.83) 
KFRE Q4 114.77 (58.14, 176.41) 66.37 (19.51, 118.09) 0.66 (0.53-0.83) 

    
All-cause mortality    

Overall trial -23.64 (-42.2, -6.64) - 1.20 (1.04-1.40) 
KFRE Q1 -21.03 (-47.7, 6.66) 2.61 (-21.95, 30.27) 1.37 (0.91-2.07) 
KFRE Q2 -19.53 (-53.51, 12.56) 4.11 (-27.23, 32.29) 1.15 (0.84-1.58) 
KFRE Q3 11.06 (-20.23, 42.14) 34.7 (7.29, 63.81) 0.95 (0.70-1.29) 
KFRE Q4 -56.7 (-100.19, -17.50) -33.06 (-66.43, -0.53) 1.30 (1.03-1.64) 

 
Table 2. Heterogeneous treatment effects of intensive glycemic control on the composite kidney outcome and all-cause death. 
Treatment effects in bold have 95% CI that do not overlap with zero. *The normalized restricted mean survival time (RMST) 
difference in days, defined as the RMST difference in the subgroup of interest minus the RMST difference in the entire trial. 
Normalized RMST values of zero indicate that the treatment effect in the subgroup of interest is equivalent to that in the entire trial 
population (no evidence of heterogeneous treatment effects). Normalized RMST values above zero (including the 95% confidence 
interval) indicate that the treatment effect in the subgroup of interest is larger than the treatment effect in the entire trial population 
(more beneficial); values below zero indicate that the treatment effect in the subgroup of interest is below that in the entire trial 
population (more harmful). 
 
Abbreviations: RMST = restricted mean survival time; Q1-Q4 = quartiles 1-4 
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