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Abstract

Aim: The risk of cardiorenal events remains high among patients with diabetes and

chronic kidney disease (CKD), despite the prescription of recommended treatments.

We aimed to determine whether the attainment of a combination of nephroprotec-

tion targets at baseline (glycated haemoglobin <7.0%, urinary albumin-creatinine ratio

<300 mg/g, blood pressure <130/80 mmHg, renin-angiotensin system inhibition) was

associated with better cardiorenal outcomes and lower mortality.

Materials and Methods: From the prospective French CKD-REIN cohort, we studied

1260 patients with diabetes and CKD stages 3-4 (estimated glomerular filtration rate:

15-60 ml/min/1.73 m2); 69% were men, and at inclusion, mean ± SD age:

70 ± 10 years; estimated glomerular filtration rate: 33 ± 11 ml/min/1.73 m2. The

median follow-up was 4.9 years.

Results: In adjusted Cox regression models, the attainment of two nephroprotection

targets was consistently associated with a lower risk of cardiorenal events [hazard
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ratio 0.70 (95% confidence interval 0.57-0.85)], incident kidney failure with replace-

ment therapy [0.58 (0.43-0.77)], four major adverse cardiovascular events (cardiovas-

cular death, myocardial infarction, stroke, hospitalization for heart failure) [0.75

(0.57-0.99)] and all-cause mortality [0.59 (0.42-0.82)] when compared with the

attainment of zero or one target. For patients with a urinary albumin-creatinine ratio

≥300 mg/g, those who attained at least two targets had lower hazard ratios for cardi-

orenal events [0.61 (0.39-0.96)], four major adverse cardiovascular events [0.53

(0.28-0.98)] and all-cause mortality [0.35 (0.17-0.70)] compared with those who

failed to attain any targets.

Conclusions: These findings suggest that the attainment of a combination of nephro-

protection targets is associated with better cardiorenal outcomes and a lower mortal-

ity rate in people with diabetic kidney disease.

K E YWORD S

cardiovascular disease, diabetic nephropathy, pharmaco-epidemiology, type 2 diabetes

1 | INTRODUCTION

The number of people with diabetic kidney disease has been increas-

ing worldwide.1 Diabetes is the major leading cause of kidney failure

in the world.1,2 People with diabetes and chronic kidney disease

(CKD) are known to be at high risk of both cardiovascular events and

kidney failure. Even in people included in the recent studies and under

recommended treatments, a residual risk persists, as reported in the

placebo group in trials testing sodium-glucose cotransporter 2 (SGLT2)

inhibitors or finerenone, highlighting the importance of further

improving prevention in this population.3–5 One of the main strategies

to reduce the risks of kidney disease progression and cardiovascular

events in people with diabetic kidney disease is to provide compre-

hensive care targeting multifaceted criteria such as blood pressure,

albuminuria, glycaemia, and renin-angiotensin system (RAS) blockade,

as recommended by international guidelines.5–8 The results of the

Steno type 2 randomized study published in 1999 showed that an

intensified multifactorial intervention (mean follow-up of 3.8 years)

targeting blood pressure, glycaemia, cholesterol and RAS blockade in

people with type 2 diabetes and microalbuminuria was associated

with a significant reduction in the risk of progression to overt

nephropathy.9 More recently, a multicentre randomized study showed

in Chinese patients with type 2 diabetes with CKD [mean estimated

glomerular filtration rate (eGFR): 31 ml/min/1.73 m2] that structured

care for 2 years was associated with more frequent attainment of

multiple treatment targets and with a reduced risk of death and/or

kidney failure, as compared with the usual care group.10

The NID-2 interventional trial showed that in patients with type

2 diabetes with albuminuria, intensive multifactorial therapy was asso-

ciated with a lower incidence of cardiovascular events and all-cause

death compared with standard care.11

Recent real-life assessments in various countries have shown that

adherence to guideline implementation remains poor among patients

with diabetic kidney disease.12 Hence, there is a need for real-world

studies (studies in populations that are more heterogeneous than

those included in randomized trials) that validate the therapeutic tar-

gets indicated by guidelines.

In the present study of a large cohort of patients with diabetic

kidney disease, we sought to determine whether the attainment of a

combination of nephroprotection targets at baseline [urinary albumin-

creatinine ratio (UACR) <300 mg/g, glycated haemoglobin (HbA1c)

<7.0%, blood pressure <130/80 mmHg, prescription of RAS inhibitors

(RASI)] was associated with better cardiorenal outcomes and survival.

Given that albuminuria is a strong predictor of cardiorenal events and

can influence the treatment strategy, we further stratified patients by

their UACR level at baseline (<300 vs. ≥300 mg/g). This enabled us to

determine whether the association between the attainment of

nephroprotection targets (other than a lower UACR) and the study

outcomes was observed in patients with severely increased

albuminuria.

We chose to focus on nephroprotection targets rather than life-

style intervention or cardiovascular treatments, such as the use of

statin therapy. It has not been clearly shown that lipid-lowering drugs

reduce the risk of kidney disease progression or all-cause mortality in

patients with diabetic kidney disease.13

2 | MATERIALS AND METHODS

2.1 | Study population

CKD-REIN is a 5-year prospective French cohort study of 3033 adult

patients with all-cause CKD but no maintenance dialysis or kidney

transplantation.14 Between July 2013 and April 2016, patients were

recruited at 40 nationally representative nephrology outpatient clinics.

The CKD-REIN study first screened all eligible adult (≥18 years)

patients with moderate or severe CKD (stage G3 or G4, based on two

eGFR measurements ≥15 and <60 ml/min/1.73 m2 more than

BONNET ET AL. 1909
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1 month apart). During a routine nephrology consultation, patients

who were able to give informed consent and who did not intend to

change their outpatient clinic were then invited to participate in the

CKD-REIN study. To limit selection bias, we included patients who

had moved to stage G2 or G5 CKD (eGFR 60-90 or <15 ml/

min/1.73 m2, respectively, but were not on dialysis and had not

received a kidney transplant) between the screening and inclusion

phases.

The study protocol was approved by the institutional review

board at the French Institute of Health and Medical Research

(INSERM, Paris, France; reference: IRB00003888) and has been pub-

lished on ClinicalTrials.gov (NCT03381950). All patients gave their

written informed consent.

In all, 1307 patients were considered to have diabetes because

they met at least one of the following criteria: physician-diagnosed

diabetes reported in the medical records, the use of glucose-lowering

medications, HbA1c ≥6.5%, fasting glucose ≥7.0 mmol/L or a random

glucose measurement ≥11.0 mmol/L. The present analysis focused on

1260 patients with diabetes and a baseline eGFR between 15 and

60 ml/min/1.73 m2, including 1086 patients with type 2 diabetes and

174 patients with another or unknown type of diabetes, as shown in a

flow chart (Figure S1).

2.2 | Measures at baseline

Data from patient interviews, self-administered questionnaires and

medical records (consulted by trained clinical research associates)

were available for sex, age, duration of diabetes, educational level

(years of formal education), smoking habit, physical activity, body

mass index (BMI), medications and blood pressure. Patients were clas-

sified as having hypertension if it was reported in their medical

records or if they used antihypertensive medication. Adherence to

medication was determined using a validated score based on six ques-

tions about the patient's behaviour and actual use of the prescribed

treatment.15 A score of 6 indicates good adherence to

prescribed medication, a score of 4-5 poor adherence and a score ≤3

non-adherence.15

The data on routinely measured biochemical variables (including

HbA1c, fasting blood glucose, creatinine, lipids, and urine albumin and

creatinine) came from local medical laboratories. The eGFR was calcu-

lated using the Chronic Kidney Disease Epidemiology Collaboration

equation,16 and CKD stages were defined according to the 2012 Kid-

ney Disease Improving Global Outcomes report.17

2.3 | Outcomes

The principal outcome studied is a composite cardiorenal event

defined as (a) kidney failure, eGFR <15 ml/min/1.73 m2, (b) kidney

failure with replacement therapy (KFRT), and/or (c) major cardiovascu-

lar events 4 (MACE4: cardiovascular death, myocardial infarction,

stroke, hospitalization for heart failure). These three individual

outcomes are also studied, along with all-cause mortality. Outcomes

were documented annually by clinical research assistants. To ensure

the complete collection of deaths and KFRT, records were linked to

both the French national vital status registry and the French Renal

Epidemiology and Information Network registry of dialysis and

transplantation.

2.4 | Statistical analyses

The studied variables are presented as the mean ± SD, the median

(interquartile range), or the frequency (percentage), stratified accord-

ing to the number of nephroprotection targets attained at baseline,

and compared in an analysis of variance or a chi-squared test.

The cardiorenal outcomes' respective incidence rates were calcu-

lated per 100 person-years for each of the four targets attained at

baseline. We used Cox proportional hazards models to estimate

cause-specific hazard ratios (HRs) and their 95% confidence intervals

for each outcome associated with the four attained nephroprotection

targets, after adjustment for the other targets. HRs were adjusted for

age, sex, educational level >12 years, current smoking, eGFR, low-

density lipoprotein (LDL)-cholesterol, BMI, and the prescription of

aspirin or another platelet anti-aggregant, statin, or a glucagon-like

peptide-1 receptor agonist. The proportional hazards assumption was

checked by examining the Schoenfeld residuals. Time-dependent

effects were estimated for covariates with non-proportional hazards.

Sensitivity analyses were also performed for each attained

nephroprotection target alone and for their combination in the popu-

lation with type 2 diabetes.

A secondary analysis was stratified on UACR <300 mg/g and

≥300 mg/g to determine whether the relationship between the num-

ber of targets attained and the outcomes was modified by the severity

of the UACR.

We used multiple imputations by chained equations (MICE) to

manage missing data (44 datasets were generated). Analyses were run

on each data set, and results from the 44 Cox models were pooled

with Rubin's rule.

To evaluate the time course of nephroprotection targets attained,

Sankey plots describe the evolution of targets achieved over the first

2 years of follow-up in those for whom data were available, who were

alive, and not under dialysis or transplantation.

All analyses used the R software (version 4.0.3).

3 | RESULTS

3.1 | Patient characteristics and attainment of
nephroprotection targets at baseline

We studied 1260 people (69% men) with diabetic kidney disease,

61% of whom had a baseline UACR <300 mg/g (Table 1). Patients

who attained at least three nephroprotection targets at baseline had a

shorter time since diabetes onset, lower BMI and slightly higher GFR

1910 BONNET ET AL.
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compared with those who attained fewer targets (Table 1). There

were no statistically significant differences in age, educational level,

physical activity and statin treatment as a function of the number of

targets attained. Use of aspirin or another antiplatelet agent was less

prevalent in patients who attained at least three targets at baseline,

compared with those who attained two or fewer targets (Table 1).

There were no statistically significant differences in adherence to

medication between the three groups. (Table 1).

Although only 4.0% of the population achieved all four nephro-

protection targets at baseline, 74% attained two or more targets.

While 80% of the patients were prescribed a RASI, only 17% achieved

the nephroprotection targets for blood pressure. Of the patients

TABLE 1 Baseline characteristics of the patients with diabetic kidney disease, as a function of the number of nephroprotection targets
attained.

Characteristics

Number of nephroprotection targets attained

Total 0 or 1 2 ≥3

n = 1260 n = 330 n = 528 n = 402 p-Value

Men 867 (69) 228 (69) 371 (70) 268 (67) .498

Age, years 70 ± 10 69 ± 11 70 ± 9 70 ± 9 .181

Diabetes duration, years 18 ± 12 20 ± 12 18 ± 12 16 ± 12 <.001

Educational level >12 years 360 (29) 89 (27) 159 (30) 112 (28) .568

Current smoking 133 (11) 34 (10) 66 (12) 33 (8) .106

Physical activitya .604

Intense 233 (23) 56 (22) 100 (23) 77 (24)

Moderate 243 (24) 59 (23) 97 (23) 87 (27)

Low 540 (53) 143 (55) 234 (54) 163 (50)

BMI, kg/m2 31.2 ± 6 32.1 ± 6.2 31.3 ± 5.9 30.4 ± 5.7 <.001

Laboratory data

eGFR, ml/min/1.73 m2 33.3 ± 11.5 30.3 ± 10.6 33.7 ± 11.5 35.4 ± 11.8 <.001

Albumin-creatinine ratio, mg/g 143 (25-590) 603 (380-1269) 135 (25-576) 37 (11-117) <.001

HbA1c, % 7.15 ± 1.16 7.82 ± 1.13 7.2 ± 1.12 6.52 ± 0.88 <.001

Triglycerides, mmol/L 2.11 ± 1.29 2.17 ± 1.21 2.18 ± 1.37 1.98 ± 1.23 .045

LDL-cholesterol, mmol/L 2.37 ± 1.01 2.42 ± 1 2.38 ± 1 2.31 ± 1.04 .302

Diabetes treatments

Not treated with medications 215 (17) 40 (12) 85 (16) 90 (22) <.001

Insulin 618 (49) 217 (66) 262 (50) 139 (35) <.001

Glucagon-like peptide receptor agonists 45 (4) 15 (5) 15 (3) 15 (4) .415

Oral glucose lowering drugs 690 (55) 165 (50) 296 (56) 229 (57) .124

Other treatments

Statin 881 (70) 232 (70) 380 (72) 269 (67) .246

Aspirin or another platelet anti-aggregant 688 (55) 184 (56) 306 (58) 198 (49) .027

Total number of prescription medicationsb 10 (8-12) 10 (8-13) 10 (8-12) 9 (7-12) .002

Adherent to medications (adhesion score = 6)c 413 (33) 96 (29) 170 (32) 147 (37) .107

Nephroprotection targets

Albumin-creatinine ratio <300 mg/g 770 (61) 54 (16) 340 (64) 376 (94) <.001

HbA1c <7% 616 (49) 40 (12) 235 (45) 341 (85) <.001

Blood pressure <130/80 mmHg 211 (17) 6 (2) 50 (9) 155 (39) <.001

Renin-angiotensin system inhibitor 1004 (80) 188 (57) 431 (82) 385 (96) <.001

Note: p-Values from an analysis of variance or a chi-squared test. Data shown as n (%), mean ± SD or median (quartiles). Based on the first imputed dataset

for variables used in the survival analysis.
a244 missing.
b2 missing.
c5 missing.

BONNET ET AL. 1911
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achieving only one target, 65% were prescribed a RASI (Figure S2).

For those achieving three targets, the combination of the UACR, RASI

and HbA1c targets was the most frequent (70%).

3.2 | Outcomes according to attainment of
nephroprotection targets at baseline

During a median follow-up period of 4.9 years, 535 patients had at

least one of the four studied cardiorenal events (Table 2): 261 kidney

failure events; 240 KFRTs; 298 MACE4; and 234 deaths.

The crude frequency of the cardiorenal outcome decreased with

an increasing number of targets attained at baseline: 35, 18, 12 and

8.7 per 100 person years for 0, 1, 2 and ≥3 targets attained, respec-

tively (p < .001). The p-value for trend was statistically significant

(<.001) for the adjusted HRs (Figure 1).

After adjustment for potential confounders and other nephropro-

tection targets, patients with normal or moderately increased albumin-

uria values (UACR <300 mg/g) had a much lower risk of cardiorenal

events (Table 2). Use of RASIs was associated with a lower risk of

MACE4 (albeit not statistically significantly), HR (95% confidence

interval): 0.78 (0.59-1.03) and a statistically significant lower risk of

all-cause mortality: 0.67 (0.50-0.91) (Table 2). Blood pressure values

<130/80 mmHg were associated with a lower risk of incident kidney

failure with HR 0.67 (0.45-1.00) and 0.60 (0.40-0.91) with or without

replacement therapy, respectively. HbA1c <7.0% was not associated

with a statistically significantly lower risk of cardiorenal outcome or

mortality (Table 2).

Similar results were obtained when each nephroprotection target

was considered separately, without adjustment for the others

(Table S1).

The attainment of at least two nephroprotection targets was con-

sistently associated with a lower risk of cardiorenal events, kidney fail-

ure, KFRT, MACE4 and all-cause mortality compared with the

attainment of zero or one target (Figure 1); there were statistically sig-

nificant trends for the number of targets attained.

A sensitivity analysis restricted to the 1086 patients with a

reported diagnosis of type 2 diabetes showed that the risk was lower

for those having attained at least two targets than for those having

attained zero targets or one target attained (except for MACE4)

(Supplementary Figure S2).

3.3 | Stratification by urinary albumin-
creatinine ratio

Stratification by the UACR at baseline (<300 mg/g and ≥300 mg/g)

showed that for patients with diabetic kidney disease and UACR

<300 mg/g, attaining one or more of the other targets was not

associated with a lower risk for any of the outcomes studied

(Table 3). For those with a UACR ≥300 mg/g, attainment of least

two of the three nephroprotection targets (excluding albuminuria

<300 mg/g, by definition) was associated with a lower risk of

cardiorenal events with HRs 0.61 (0.39-0.96), for MACE4 0.53

(0.28-0.98) and a marked statistically significant reduction in total

mortality of 0.35 (0.17-0.70) as compared with those with none of

the three targets (Table 3).

3.4 | Attainment of nephroprotective targets over
2 years of follow-up

The percentage of patients attaining a given number of targets chan-

ged little over the 2 years of follow-up, relative to baseline (Figure 2).

The percentage of patients attaining four targets increased slightly

over time (from 3% to 6%). Similarly, the percentage of patients

attaining each individual target was fairly constant over time

(Figures S3A-D).

4 | DISCUSSION

The main finding of the present study of patients with diabetic kidney

disease is that the attainment of at least two nephroprotection targets

is associated with better cardiorenal outcomes and lower all-cause

mortality over a 5-year follow-up. Furthermore, in patients with

severely increased albuminuria (≥300 mg/g), achievement of at least

two of three targets (blood pressure <130/80 mmHg, HbA1c <7.0%,

and RASI use) was associated with a lower risk of cardiorenal events

and (in particular) all-cause mortality. These observations suggest that

targeting blood pressure, glucose levels and RAS blockade is of partic-

ular interest in patients with elevated albuminuria.

In our cohort of patients with diabetic kidney disease, individuals

with severely increased albuminuria (≥300 mg/g) had a high risk of

subsequent cardiorenal events, even after adjusting for the eGFR. This

finding is in line with a number of literature reports in which an ele-

vated UACR is predictive of kidney failure and MACE4 in people with

or without diabetes.18 Furthermore, recent data from intervention tri-

als have confirmed that residual albuminuria in treated patients

(e.g. with a combination of a RASI and an SGLT2 inhibitor) is also

linked to cardiorenal prognosis.19 Our findings extend these trial

results and suggest that attaining treatment targets other than reduc-

ing albuminuria will improve cardiorenal prognosis in treated patients

with diabetic kidney disease and elevated albuminuria. Our results

emphasize the importance of combining blood pressure control, gly-

caemic control and RASI use, notably in those with severe albumin-

uria. In contrast, we found that for patients with an UACR <300 mg/g,

the attainment of at least two of the other nephroprotection targets

was not associated with a lower risk for any of the outcomes studied.

We may speculate that a longer follow-up would have been necessary

to observe cardiorenal benefits in this group at lower risk. The bene-

fits of a combined approach may also depend on the length of the

follow-up.

In real-world settings, adherence to the international guidelines

appears to be suboptimal in patients with CKD; adherence is there-

fore a key issue in routine clinical practice.20

1912 BONNET ET AL.
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TABLE 2 Incidence rates and HRs in patients with diabetic kidney disease, for the composite and individual cardiorenal outcomes, and all-
cause mortality, as a function of the nephroprotection targets attained (each adjusted for the others)

Number of patients n Number of events Rate per 100 person years HR (95% CI) p-Value

Composite cardiorenal outcome 535

UACR <.001

≥300 mg/g 490 287 20.9 1

<300 mg/g 770 248 8.6 0.48 (0.40-0.59)

HbA1c .620

≥53 mmol/mol (7.0%) 644 274 12.7 1

<53 mmol/mol (7.0%) 616 261 12.4 0.96 (0.80-1.14)

Blood pressure .520

≥130/80 mmHg 1049 453 12.8 1

<130/80 mmHg 211 82 11.1 0.92 (0.72-1.18)

Renin-angiotensin system inhibitor .130

Not treated 256 121 15.9 1

Treated 1004 414 11.8 0.85 (0.69-1.05)

Kidney failure 261

UACR <.001

≥300 mg/g 490 177 11.9 1

<300 mg/g 770 84 2.7 0.30 (0.22-0.42)

HbA1c .550

≥53 mmol/mol (7.0%) 644 121 5.1 1

<53 mmol/mol (7.0%) 616 140 6.2 1.09 (0.83-1.42)

Blood pressure .020

≥130/80 mmHg 1049 235 6.1 1

<130/80 mmHg 211 26 3.3 0.60 (0.40-0.91)

Renin-angiotensin system inhibitor .590

Not treated 256 55 6.6 1

Treated 1004 206 5.4 1.09 (0.80-1.49)

Kidney failure with replacement therapy 240

UACR <.001

≥300 mg/g 490 169 10.3 1

<300 mg/g 770 71 2.2 0.27 (0.20-0.38)

HbA1c .840

≥53 mmol/mol (7.0%) 644 118 4.8 1

<53 mmol/mol (7.0%) 616 122 5.2 1.03 (0.78-1.35)

Blood pressure .054

≥130/80 mmHg 1049 211 5.2 1

<130/80 mmHg 211 29 3.6 0.67 (0.45-1.00)

Renin-angiotensin system inhibitor .308

Not treated 256 60 6.7 1

Treated 1004 180 4.5 0.85 (0.63-1.16)

MACE4 298

UACR .004

≥300 mg/g 490 124 8.3 1

<300 mg/g 770 174 5.9 0.68 (0.53-0.88)

HbA1c .273

≥53 mmol/mol (7.0%) 644 165 7.3 1

<53 mmol/mol (7.0%) 616 133 6 0.88 (0.69-1.11)

(Continues)
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Our results suggest that (a) failure to achieve treatment targets in

patients with diabetic kidney disease is associated with a poor cardior-

enal prognosis, and (b) there is a need to tackle therapeutic inertia in

this setting.

The ideal level of glycaemic control for patients with diabetic kid-

ney disease is subject to debate.21 The international guidelines favour

individualized HbA1c targets, ranging from <6.5% to <8.0%.6 For

patients in whom the prevention of complications is the main goal, a

lower HbA1c target (<7.0%) has been proposed.6 A Cochrane review

found that an HbA1c <7.0% target was associated with a lower inci-

dence of non-fatal myocardial infarction and with the onset and pro-

gression of moderately elevated albuminuria.22 However, the quality

of the evidence was considered poor, and there was no observed

effect on mortality.

In the present study, achievement of an HbA1c level <7.0% at

baseline was not associated with a lower risk of adverse clinical out-

comes after taking account of the other nephroprotection criteria

and confounding factors. The few intervention trials to have specifi-

cally addressed the question of intensified glucose control in type

2 diabetes did not observe a clear association with all-cause mortality

or even with cardiovascular events.22 In the ADVANCE trial, how-

ever, a significantly lower incidence of nephropathy was observed in

the group with intensive glycaemic control and an HbA1c target of

≤6.5%.23 Furthermore, the risk of hypoglycaemic events in patients

with diabetic kidney disease may hamper the intensification of glu-

cose control.24 In the future, real-life studies of larger populations

might help to identify an optimal glycaemic target associated with

slower progression of kidney disease and/or fewer cardiovascular

events.

The clinical benefit conferred by the attainment of multifactorial

targets in people with diabetic kidney disease was first suggested by

the investigators of the Steno type 2 randomized trial in 1999, which

included a relatively small number of patients with type 2 diabetes

with albuminuria (n = 160).9 Furthermore, the results of a trial in

patients with type 2 diabetes and CKD in China showed that, com-

pared with standard care, structured care was associated with the

attainment of more treatment targets and a lower mortality/KFRT

rate.10

The NID-2 interventional trial in 14 Italian diabetology clinics

showed that in patients with type 2 diabetes with albuminuria in a pri-

mary prevention setting, intensive multifactorial therapy targeting the

main cardiovascular risk factors (blood pressure <130/80 mmHg,

HbA1c <7%; LDL-cholesterol <2.6 mmol/L, HDL-cholesterol

<1.0/1.3 mmol/L in men/women, total-cholesterol <4.5 mmol/L) was

TABLE 2 (Continued)

Number of patients n Number of events Rate per 100 person years HR (95% CI) p-Value

Blood pressure .130

≥130/80 mmHg 1049 244 6.6 1

<130/80 mmHg 211 54 7.1 1.27 (0.93-1.72)

Renin-angiotensin system inhibitor .079

Not treated 256 70 8.6 1

Treated 1004 228 6.2 0.78 (0.59-1.03)

All-cause mortality 234

UACR .002

≥300 mg/g 490 97 5.9 1

<300 mg/g 770 137 4.3 0.61 (0.45-0.82)

HbA1c .198

≥53 mmol/mol (7.0%) 644 126 5.1 1

<53 mmol/mol (7.0%) 616 108 4.6 0.84 (0.64-1.10)

Blood pressure .187

≥130/80 mmHg 1049 191 4.7 1

<130/80 mmHg 211 43 5.3 1.26 (0.90-1.77)

Renin-angiotensin system inhibitor .010

Not treated 256 64 7.2 1

Treated 1004 170 4.3 0.67 (0.50-0.91)

Note: The models were adjusted for age, sex, education level > 12 years, current smoking, estimated glomerular filtration rate, low-density lipoprotein

cholesterol, body mass index, prescription of aspirin or another platelet anti-aggregant, statin, glucagon-like peptide-1 receptor agonist. Kidney failure was

defined as an estimated glomerular filtration rate <15 ml/min/1.73 m2.

Abbreviation: HbA1c, glycated haemoglobin; HR, hazard ratio; MACE4, four major cardiovascular events (i.e. cardiovascular death, myocardial infarction,

stroke, hospital admission for heart failure); UACR, urinary albumin-creatinine ratio.
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associated with a lower incidence of cardiovascular events and all-

cause death, compared with standard care.11 In a post-hoc analysis of

the NID-2 results, the number of risk factors on target correlated with

better cardiovascular-free survival in this diabetic population with a

high cardiovascular risk.25 Our population had greater impairments in

kidney function (a lower eGFR and greater albuminuria), and so our

results extend previous findings to patients with moderate-to-severe

CKD. Furthermore, we assessed the risk of kidney failure and not

solely cardiovascular outcomes.

In a retrospective study of four cohorts in the United States,

patients with diabetes who attained three treatment targets (HbA1c

<7.0%, blood pressure <130/80 mmHg and LDL-cholesterol

<3.1 mmol/L) had lower risks of micro- and macrovascular complica-

tions and all-cause mortality than patients who attained one or two

targets.26 However, KFRT was not evaluated separately from micro-

vascular complications.26 In a study of Japanese patients with type

2 diabetes who had preserved kidney function at baseline, attainment

of a combination of the same targets as in the US cohorts was associ-

ated with a lower UACR in a cross-sectional analysis and with a smal-

ler decline in eGFR and a smaller increase in UACR in a prospective

analysis.27

The present study's observational design means that we cannot

address the impact of a multifaceted intervention. However, our

results are in line with those of intervention studies. Nowadays, it

would be difficult to set up an interventional, prospective trial to test

the benefits of applying versus not applying the recommended appro-

priate care. Observational studies of cohorts such as ours can help to

determine which targets and which combinations of targets are most

beneficial.

Our study had a number of limitations and strengths. Because

of the late introduction of SGLT2 inhibitors to the French market

(2020), none of our patients received these drugs; our study cannot

address any specific, additional protection conferred by this thera-

peutic class. Attainment of nephroprotection targets was assessed

at baseline and then 1 and 2 years thereafter; during the follow-up

period, there were few changes in the percentages of patients

attaining the various targets. The cohort included patients with dif-

ferent types of underlying kidney disease, and some patients proba-

bly had several. Few patients had a kidney biopsy. However, the

patients' characteristics are probably similar to those seen in clinical

practice with patients with diabetes and kidney disease. The study's

strengths include patient recruitment from a representative sample

of French nephrology outpatient clinics, a low proportion of missing

data, in-depth phenotypic data and the documentation of a large

number of well-characterized cardiorenal events over a median

follow-up period of 5 years. Lastly, we systematically adjusted our

F IGURE 1 Forest plot of the adjusted hazard ratios (HRs) for the composite and individual cardiorenal outcomes, and all-cause mortality as a
function of the number of nephroprotection targets attained in 1206 patients with diabetic kidney disease. HRs adjusted for age, sex, educational
level >12 years, current smoking, estimated glomerular filtration rate, low-density lipoprotein-cholesterol, body mass index, prescription of aspirin
or another platelet anti-aggregant, statin and glucagon-like peptide-1 receptor agonists.
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multivariable models for eGFR at inclusion and several covariates

that may influence the risks of cardiovascular events and kidney dis-

ease progression.28

In conclusion, our present results show that the attainment of at

least two treatment targets was consistently associated with a lower

risk of cardiorenal events, KFRT, MACE4 and all-cause mortality

compared with the attainment of zero or one target only. Among

patients with severely increased albuminuria, achievement of the

other nephroprotection targets was associated with a better progno-

sis. Our findings suggest that the attainment of multiple treatment tar-

gets is important for the cardiorenal prognosis of inpatients with

diabetic kidney disease.

TABLE 3 Adjusted HRs for the composite and individual cardiorenal events and all-cause mortality as a function of the number of
nephroprotection targets attained by albuminuria strata, in patients with diabetic kidney disease.

Number of patients

Urinary albumin-to-creatinine ratio

<300 mg/g ≥300 mg/g

n = 770 n = 490

n HR (95% CI) p for trend HR (95% CI) p for trend

Cardiorenal outcome

Number of events 248 287

Nephroprotection targets attained .859 .070

None of the three targets 96 1 1

One of the three targets 574 0.97 (0.55-1.70) 0.68 (0.44-1.05)

At least two of the three targets 590 0.95 (0.55-1.66) 0.61 (0.39-0.96)

Kidney failure

Number of events 84 177

Nephroprotection targets attained .790 .400

None of the three targets 96 1 1

One of the three targets 574 0.92 (0.35-2.43) 0.92 (0.48-1.76)

At least two of the three targets 590 0.89 (0.35-2.26) 0.81 (0.42-1.56)

Kidney failure with replacement therapy

Number of events 71 169

Nephroprotection targets attained .820 .070

None of the three targets 96 1 1

One of the three targets 574 1.81 (0.47-7.02) 0.82 (0.46-1.47)

At least two of the three targets 590 1.63 (0.43-6.22) 0.63 (0.35-1.13)

MACE4

Number of events 174 124

Nephroprotection targets attained .992 .097

None of the three targets 96 1 1

One of the three targets 574 0.91 (0.46-1.78) 0.59 (0.32-1.09)

At least two of the three targets 590 0.94 (0.48-1.83) 0.53 (0.28-0.98)

All-cause mortality

Number of events 137 97

Nephroprotection targets attained .740 .010

None of the three targets 96 1 1

One of the three targets 574 0.57 (0.29-1.10) 0.46 (0.23-0.90)

At least two of the three targets 590 0.78 (0.42-1.46) 0.35 (0.17-0.70)

Note: Models are adjusted for age, sex, education level >12 years, current smoking, estimated glomerular filtration rate, low-density lipoprotein cholesterol,

body mass index, prescription of aspirin or another platelet anti-aggregant, statin and a glucagon-like peptide-1 receptor agonist. Kidney failure was

defined as estimated glomerular filtration rate <15 ml/min/1.73 m2. MACE4, four major cardiovascular events (i.e. cardiovascular death, myocardial

infarction, stroke, hospital admission for heart failure).

Abbreviations: HR, hazard ratio.
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