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Abstract
Aim: To investigate risk factors associated with kidney disorders in patients with type 2 diabetes (T2D) at high 
cardiovascular (CV) risk.
Methods: In DEVOTE, a cardiovascular outcomes trial, 7637 patients were randomised to insulin degludec (degludec) 
or insulin glargine 100 units/mL (glargine U100), with standard of care. In these exploratory post hoc analyses, serious 
adverse event reports were searched using Standardised MedDRA® Queries related to chronic kidney disease (CKD) 
or acute kidney injury (AKI). Baseline predictors of CKD, AKI and change in estimated glomerular filtration rate (eGFR) 
were identified using stepwise selection and Cox or linear regression.
Results: Over 2 years, eGFR (mL/min/1.73 m2) decline was small and similar between treatments (degludec: 2.70; 
glargine U100: 2.92). Overall, 97 and 208 patients experienced CKD and AKI events, respectively. A history of heart 
failure was a risk factor for CKD (hazard ratio [HR] 1.97 [95% confidence interval [CI] 1.41; 2.75]) and AKI (HR 2.28 
[95% CI 1.64; 3.17]). A history of hepatic impairment was a significant predictor of CKD (HR 3.28 [95% CI 2.12; 5.07]) 
and change in eGFR (estimate: −8.59 [95% CI −10.20; −7.00]).
Conclusion: Our findings indicate that traditional, non-modifiable risk factors for kidney disorders apply to insulin-
treated patients with T2D at high CV risk.
Trial registration: NCT01959529 (ClinicalTrials.gov).

Keywords
Cardiovascular, chronic renal failure, CVOT, diabetic kidney disease, type 2 diabetes mellitus, insulin analogues

970933 DVR0010.1177/1479164120970933Diabetes & Vascular Disease ResearchAmod et al.
research-article2020

Original Article

1 Department of Diabetes and Endocrinology, Life Chatsmed Garden 
Hospital and Nelson R. Mandela School of Medicine, University of 
KwaZulu-Natal, Durban, South Africa

2 School of Medicine, University of North Carolina, Chapel Hill, NC, 
USA

3 Department of Internal Medicine, University of Texas Southwestern 
Medical Center and Parkland Health and Hospital System, Dallas, TX, 
USA

4 Department of Internal Medicine, Medical University of Graz, Graz, 
Austria

5 Department of Internal Medicine, Metabolism, Endocrinology and 
Diabetes, University of Michigan, Ann Arbor, MI, USA

6AdventHealth Translational Research Institute, Orlando, FL, USA
7 Department of Medicine, Lunenfeld-Tanenbaum Research Institute, 
Mount Sinai Hospital, University of Toronto, Toronto, ON, Canada

8Novo Nordisk A/S, Søborg, Hovedstaden, Denmark
9 School of Public Health, Faculty of Medicine, Imperial College London, 
London, UK

†Affiliation at time of study.

Corresponding author:
Aslam Amod, Department of Diabetes and Endocrinology, Life 
Chatsmed Garden Hospital and Nelson R. Mandela School of Medicine, 
University of KwaZulu-Natal, PO Box 201685, Durban North 4016, 
South Africa. 
Email: amod.aslam1@gmail.com

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/dvr
mailto:amod.aslam1@gmail.com


2 Diabetes & Vascular Disease Research 00(0)

Introduction

Chronic kidney disease (CKD) is a common comorbidity 
in type 2 diabetes (T2D), co-occurring in approximately 
50% of patients.1 The presence of CKD is associated with 
a higher risk of cardiovascular disease (CVD), including 
atherosclerotic CVD and heart failure,2 which is a leading 
cause of morbidity and mortality in people with diabetes.3 
CKD is a dynamic disease that progresses at a variable 
rate; prior published literature has demonstrated that the 
rate of estimated glomerular filtration rate (eGFR) decline 
is associated with hospitalisation4 and mortality.5 In 
patients with T2D and CKD, the natural history of CKD 
appears to be heterogeneous.6 Although there are several 
well-established risk factors for CKD, such as hypergly-
caemia and hypertension, many are complex and not 
well-defined.6

Acute kidney injury (AKI) encompasses a group of 
syndromes defined by a sudden reduction in glomerular 
filtration rate (GFR)7 that affect as many as one in five 
hospitalised patients.8 The development of AKI is associ-
ated with a wide range of poor health outcomes and 
increased healthcare costs.7,9 There is increasing recogni-
tion that CKD and AKI are closely linked and likely to 
promote one another,10,11 and patients with diabetes are at 
higher risk of these complications than those without dia-
betes.12,13 The prompt identification of patients at highest 
risk of CKD, AKI and their negative sequelae will assist in 
the development of strategies to optimise their care.

In DEVOTE, a cardiovascular outcomes trial (CVOT), 
the cardiovascular (CV) safety of insulin degludec (deglu-
dec) was compared with that of insulin glargine 100 units/mL 
(glargine U100) in patients with T2D at high CV risk.14 In 
DEVOTE, degludec was non-inferior to glargine U100 with 
respect to the incidence of CV events (hazard ratio [HR] 0.91 
[95% confidence interval [CI] 0.78–1.06]), whilst patients 
experienced significantly fewer severe hypoglycaemic 
events (rate ratio: 0.60 [95% CI 0.48–0.76]), at similar levels 
of glycaemic control with degludec versus glargine U100.14 
As DEVOTE enrolled patients with moderate CKD and 
included a small cohort with severe CKD,14 it provides addi-
tional opportunities to investigate risk factors for kidney dis-
orders in this patient population. This is notable as, previously, 
patients with kidney disease (particularly severe disease) 
have often been excluded from randomised clinical trials 
investigating CV outcomes, despite strong associations 
between kidney disease, CV events and death in patients 
with CVD.15

The objective of these post hoc exploratory analyses of 
DEVOTE data was to investigate the factors associated 
with the risk of first kidney disorders (CKD and AKI) and 
the change in eGFR for patients with T2D at high CV risk. 
An additional objective was to explore bidirectional tem-
poral associations between severe hypoglycaemia and the 
risk of first kidney disorders.

Research design and methods

DEVOTE trial design

The design and primary results of DEVOTE have been pub-
lished.14 In brief, DEVOTE was a double-blind, randomised, 
treat-to-target, active comparator-controlled CVOT. Patients 
with T2D at high CV risk were randomised 1:1 to degludec 
(100 units/mL) or glargine U100, administered once daily, in 
addition to standard care. Eligible patients were treated with 
⩾1 oral or injectable antihyperglycaemic agent and with  
glycated haemoglobin (HbA1c) ⩾7.0% (53 mmol/mol) or 
<7.0% and treated with ⩾20 units/day of basal insulin. 
Patients were ⩾50 years of age with ⩾1 CV or kidney condi-
tion (moderate CKD: eGFR of 30–59 mL/min/1.73 m2 per 
the Chronic Kidney Disease Epidemiology Collaboration 
[CKD-EPI] equation), or ⩾60 years of age with ⩾1 pre-
specified CV risk factors. Patients receiving haemodialysis, 
peritoneal dialysis or with an eGFR <30 mL/min/1.73 m2 at 
screening were ineligible. DEVOTE included 214 patients 
with severe CKD (defined as an eGFR of <30 mL/min/1.73 m2 
per the CKD-EPI equation) at baseline who met inclusion/
exclusion criteria at screening.16 The trial protocol was 
approved by the independent ethics committee or institu-
tional review board at each trial centre. Written informed 
consent was obtained from each patient before any trial-
related activities. Separate ethics approval was not required 
for these post hoc analyses, as there were no new studies 
involving animals or humans.

Outcomes

CKD and AKI were identified in investigators’ reports of 
serious adverse events (SAEs; defined in Supplemental 
Methods S1) using narrow Standardised Medical Dictionary 
for Regulatory Activities Queries (SMQ; version 19.0) 
adverse event (AE) reporting terms related to CKD and 
AKI (detailed in Supplemental Methods S2). eGFR was 
estimated from serum creatinine using the CKD-EPI equa-
tion.17 Demographic and clinical factors predicting the fol-
lowing outcomes were assessed: time to first CKD SAE, 
time to first AKI SAE and change in eGFR. Any patients 
that experienced a CKD or AKI SAE in DEVOTE were 
considered in the analyses (including those defined as hav-
ing either moderate or severe CKD at baseline). It is worth 
noting that SAEs could include the worsening of a pre-
existing medical condition if the defining criteria were met 
(Supplemental Methods S1). Patients that experienced both 
CKD and AKI SAEs were included in the analyses of both 
endpoints, while only the first SAE reports (e.g. first CKD 
SAE and first AKI SAE in the trial) for each patient were 
considered and any further CKD or AKI SAEs in DEVOTE 
were excluded. Severe hypoglycaemia (requiring assis-
tance from another person)18 was self-reported in DEVOTE 
and adjudicated by an independent Event Adjudication 
Committee. Bidirectional temporal associations between 
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positively-adjudicated severe hypoglycaemia and time to 
first kidney SAE were also investigated. In the present arti-
cle, the term ‘kidney disorder’ has been used to encompass 
both CKD and AKI SAEs; however, these endpoints were 
analysed separately.

Statistical analysis

Significant predictors of time to first kidney disorder were 
identified using stepwise selection in SAS PHREG with 
p-value thresholds of 0.1 and 0.05 determining whether a 
single predictor should be added or removed from the 
model. Candidate covariates were available baseline 
demographic and clinical data (listed in Supplemental 
Figure S1). Randomised treatment was forced to be part of 
the final model to account for stratification. Final estimates 
were based on a Cox proportional hazard model that 
included randomised treatment and all significant predic-
tors simultaneously. The relative importance of model pre-
dictors was their Chi-square contribution.

Change in eGFR from baseline to 24 months was ana-
lysed using a mixed model for repeated measures (MMRM) 
within patients using an unstructured covariance matrix 
among visits at 12 and 24 months. Interactions between visit 
and treatment and between visit and baseline eGFR were 
included as fixed effects. Baseline predictors of change in 
eGFR were identified by stepwise selection using a general-
ised linear model (SAS GLMSELECT) that was forced to 
include baseline eGFR, visit and randomised treatment. The 
relative importance of model predictors was calculated 
based on the F-value contribution of each variable.

Time to first kidney disorder was analysed by Cox 
regression with severe hypoglycaemia (Yes/No) as a time-
varying covariate to compare the risk of an event (CKD or 
AKI) with or without having a prior severe hypoglycaemic 
event in different time periods.19 Analyses were repeated 
adjusting for baseline covariates including treatment, sex, 
age, smoking status, geographic region, diabetes duration, 
insulin naïve, CV risk and eGFR, in alignment with pre-
specified sensitivity analyses of the DEVOTE primary 
endpoint.14 Time-to-event analyses were also conducted 
for severe hypoglycaemia using Cox regression with first 
kidney disorder (Yes/No) as a time-varying covariate to 
compare the risk of severe hypoglycaemia with or without 
having experienced a prior kidney disorder event in differ-
ent time periods.

In all analyses, a two-sided p-value <0.05 was consid-
ered statistically significant, no adjustment was made for 
multiplicity and transformations were performed by natu-
ral log (using base e = 2.718).

Results

Patient demographics and baseline characteristics of the 
overall trial population (N = 7637) have been described 

previously.14 Median observation time was 2.0 years. 
Treatment arms were well matched with respect to base-
line characteristics including the use of renin-angiotensin 
system inhibitors.14

Demographic and clinical predictors of kidney 
disorders

Overall, CKD occurred in 97 patients: 45 patients 
(1.2%) with degludec and 52 patients (1.4%) treated 
with glargine U100 (Supplemental Table S2). AKI 
events were more frequent than CKD events, occurring 
in 208 patients: 87 patients (2.3%) treated with deglu-
dec and 121 patients (3.2%) treated with glargine U100 
(Supplemental Table S2). In total, 43 patients experi-
enced both CKD and AKI events. Baseline demographic 
and clinical characteristics for patients stratified by  
kidney SAE status in DEVOTE are presented in 
Supplemental Table S3. Baseline eGFR was identified 
as the most important predictor for time to first CKD 
and time to first AKI (Table 1). Other predictors of first 
CKD (in order of relative importance) included a his-
tory of hepatic impairment (defined as a modified 
Child-Pugh score [bilirubin and albumin values only] of 
⩾2), a history of heart failure, higher systolic blood 
pressure (BP), a history of amputation, diabetes dura-
tion ⩾15 years, male sex, and higher HbA1c and age (a 
lower risk in older patients) (Table 1). For first AKI, 
baseline predictors (in order of relative importance) 
included a history of heart failure, prior insulin regimen 
(a higher risk in patients with more complex baseline 
insulin regimens) and patients treated in the US (Table 1). 
Furthermore, our analyses identified a lower risk of first 
AKI with degludec versus glargine U100 (adjusted HR 
0.73 [95% CI 0.53; 1.00] p = 0.049).

Demographic and clinical predictors of change 
in eGFR

In the overall trial population, mean (SE) eGFR (mL/min/ 
1.73 m2) was 67.96 (0.25) at baseline, decreasing to 65.07 
(0.32) after 24 months (a mean [SE] change of −2.51 
[0.18] over 2 years; Figure 1(a)). In both treatment 
groups, eGFR declined at a similar rate, with no signifi-
cant difference between randomised treatments (esti-
mated treatment difference: 0.22, [95% CI −0.43; 0.87] 
p = 0.50) (Figure 1(b)). Predictors of eGFR decline over-
all were similar to those identified for CKD alongside 
additional baseline demographic and clinical factors with 
lower relative importance (Table 2). These additional 
factors included a more rapid decline in eGFR with a his-
tory of proteinuria, high CV risk, higher triglyceride lev-
els, a history of peripheral artery disease and no history 
of stroke or angina.



4 Diabetes & Vascular Disease Research 00(0)

Bidirectional temporal associations between 
severe hypoglycaemia and kidney disorders

Experiencing severe hypoglycaemia at any time during the 
trial was a significant predictor of subsequent first kidney 
disorders (CKD and AKI; both p < 0.05) (Table 3). In the 
7 days following a severe hypoglycaemic event, patients 
were at a higher risk of first CKD (HR 23.0 [95% CI 5.7; 
93.6] p < 0.0001) and first AKI (HR 16.3 [95% CI 5.2; 
51.1] p < 0.0001) than those without severe hypoglycae-
mia. Thereafter, between 8 days and the end of the trial, 

patients were at a higher risk of first AKI following a 
severe hypoglycaemic episode than patients without severe 
hypoglycaemia (HR 2.3 [95% CI 1.5; 3.6] p = 0.0002), 
while the risk of first CKD was no longer significantly 
higher after day 8 (HR 1.9 [95% CI 0.9; 4.0] p = 0.079). 
When adjusting for baseline variables associated with gen-
eral frailty in this population (e.g. age, CV risk, diabetes 
duration and baseline eGFR), temporal associations were 
modified, but significantly higher risks were still apparent 
following a severe hypoglycaemic event (Supplemental 
Table S4). The converse temporal association between 

Table 1. Baseline demographic and clinical predictors of time to first kidney disorder in patients with T2D at high CV risk.

Event Baseline predictor HR [95% CI] Relative 
importancea

p-value Interpretation of significant 
associations

CKD Randomised treatment (degludec vs 
glargine U100)

0.95 [0.70; 1.29] 0.0 0.76  

Log-transformed eGFR 0.10 [0.07; 0.14] 63.6 <0.0001 Lower risk of event with higher 
baseline values

History of hepatic impairment (yes 
vs no)b

3.28 [2.12; 5.07] 11.1 <0.0001 228% higher risk of event with a 
history

History of heart failure (yes vs no) 1.97 [1.41; 2.75] 6.2 <0.0001 97% higher risk of event with a 
history

Systolic blood pressure 1.01 [1.01; 1.02] 4.9 0.0004 Higher risk of event with higher 
baseline readings (1% higher for 
each additional 1 mmHg)

History of amputation (yes vs no) 2.62 [1.37; 5.01] 3.3 0.004 162% higher risk of event with a 
history

Diabetes duration ⩾15 years (yes 
vs no)

1.64 [1.17; 2.30] 3.2 0.004 64% higher risk of event with a 
diabetes duration ⩾15 years

Sex (male vs female) 1.57 [1.13; 2.19] 2.8 0.007 57% higher risk of event in males
HbA1c squared 1.01 [1.00; 1.01] 2.5 0.011 Marginally higher risk of event 

with higher baseline values
Log-transformed age 0.17 [0.04; 0.70] 2.4 0.014 Marginally lower risk of event 

with older age
AKI Randomised treatment (degludec vs 

glargine U100)
0.73 [0.53; 1.00] 3.3 0.049 27% lower risk of event with 

degludec
Log-transformed eGFR 0.25 [0.17; 0.37] 42.3 <0.0001 Lower risk of event with higher 

baseline values
History of heart failure (yes vs no) 2.28 [1.64; 3.17] 20.0 <0.0001 128% higher risk of event with a 

history
Prior insulin regimen 18.0 <0.0001  
Bolus vs insulin naïve 0.37 [0.05; 2.90]  
Basal–bolus/premix vs insulin naïve 2.78 [1.49; 5.18] 178% higher risk of event with 

a prior basal–bolus or premix 
insulin regimen

Basal vs naïve 1.50 [0.77; 2.92]  
From the US (yes vs no) 3.36 [1.97; 5.75] 16.4 <0.0001 236% higher risk of event in US 

patients

AKI: acute kidney injury; CI: confidence interval; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; glargine U100: insulin 
glargine 100 units/mL; HbA1c: glycated haemoglobin; HR: hazard ratio; MedDRA: medical dictionary for regulatory activities; SAE: serious adverse 
event.
Events of CKD and AKI were identified by searching investigator reports of SAEs (defined in Supplemental Methods S1) using narrow Standardised 
Medical Dictionary for Regulatory Activities (MedDRA) Queries (SMQ, version 19.0). Significant demographic and clinical predictors were identified 
using stepwise selection in SAS PHREG (refer to Supplemental Table S1 for a list of variables considered). Randomised treatment was forced to be 
part of the final model to account for stratification. Time to first AKI or CKD were analysed using Cox proportional hazard regression including 
randomised treatment and all significant predictors simultaneously.
aThe relative importance of predictors was calculated based on the Chi-square contribution of each variable.
bDefined as a score of >2 on a modified Child-Pugh criteria scale using only bilirubin and albumin values.



Amod et al. 5

first kidney disorders and subsequent severe hypoglycae-
mic events were also significant (Supplemental Table S5). 
There were significantly higher risks of severe hypogly-
caemia after experiencing first CKD or AKI, particularly 
in the 7 days following a first kidney disorder (CKD HR 
15.6 [95% CI 2.2; 110.8] p = 0.006; AKI HR 8.0 [95% CI 
1.1; 57.1] p = 0.038).

Discussion

These exploratory post hoc analyses of DEVOTE data 
identified a history of heart failure as a shared risk factor 

for CKD and AKI, while both a history of hepatic impair-
ment and raised systolic BP predicted CKD risk and eGFR 
decline. Furthermore, our findings indicate substantially 
higher risks of first CKD and AKI following a severe 
hypoglycaemic event and vice versa, that is, there were 
also markedly higher risks of severe hypoglycaemia fol-
lowing a first kidney disorder event.

There were modest declines in eGFR over 2 years in 
DEVOTE that were smaller than expected in this high-risk 
patient population in a clinical setting (e.g. eGFR declined 
twice as fast in the community-based Atherosclerosis Risk in 
Communities [ARIC] study).20 This may reflect the well-
controlled and closely monitored clinical trial setting, but 
also supports the maintenance of eGFR over 2 years in the 
DEVOTE patient population using long-acting basal insulin 
analogues in addition to standard of care. Of course, there 
may be other differences between the DEVOTE and ARIC 
study cohorts that are associated with the differential rates of 
eGFR decline such as HbA1c, BP or pharmacotherapies.21

Most demographic or clinical parameters found to be 
associated with the risk of first kidney disorders or eGFR 
decline in DEVOTE were consistent with the literature on 
the progression of kidney disease.22 Baseline eGFR was the 
strongest predictor of CKD and AKI, while data-driven 
selection of the log-transformed variable indicated that risk 
increased exponentially with poorer baseline rates. By con-
trast, lower baseline eGFR was associated with a smaller 
decline during the trial (i.e. a smaller absolute change), 
which may be partly due to regression toward the mean. 
Another strong predictor of kidney disorders in DEVOTE 
was a history of heart failure, which was associated with a 
two-fold higher risk of both first CKD and AKI. This is not 
surprising as heart failure and CKD share several common 
risk factors (e.g. age, diabetes, hypertension, obesity, dys-
lipidaemia and smoking) and often coexist.23 The patho-
physiology between the heart and the kidneys is complex, 
bidirectional and currently not fully understood. There are 
several postulated mechanisms to explain this bidirectional 
association, including hemodynamic changes leading to 
increased renal venous congestion and poor forward flow, 
which may compromise GFR, and adverse effects of some 
therapies (e.g. diuretics) that may cause AKI and subse-
quent CKD progression. Several other hormonal or inflam-
matory pathways have also been implicated.23 A history of 
hepatic impairment at baseline was associated with a three-
fold higher first CKD risk and was also associated with 
eGFR decline, in agreement with the complex inter-rela-
tionship between the liver and kidneys described in the lit-
erature,24 although it was not associated with an increased 
risk of first AKI in our study.

Patients with more advanced T2D were at greater risk 
of first kidney disorders, as a long diabetes duration and 
more complex prior insulin regimens were associated with 
first CKD and AKI risk, respectively. Likewise, a history 
of amputation was associated with first CKD risk; this 
might be considered an indicator of T2D progression, 

Figure 1. eGFR: (a) In the overall trial population, (b) by 
randomised treatment in patients with type 2 diabetes at 
high cardiovascular risk. Plot shows mean ± standard error 
eGFR (by CKD-EPI equation) in the overall trial population 
(a) and in patients randomised to degludec or glargine U100 
(b) in DEVOTE. ETD (degludec/glargine U100) for change in 
eGFR from baseline to the 24-month visit was analysed using a 
MMRM within patients using an unstructured covariance matrix 
among visits at 12 and 24 months of the trial. Interactions 
between visit and treatment and between visit and baseline 
eGFR were included as fixed effects.
CI: confidence interval; CKD-EPI: chronic kidney disease epidemiology 
collaboration; eGFR: estimated glomerular filtration rate; ET: end of 
treatment; ETD: estimated treatment difference; glargine U100: insulin 
glargine 100 units/mL; MMRM: mixed model for repeated measures.
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Table 2. Baseline demographic and clinical predictors of change in eGFR in patients with T2D at high CV risk.

Estimated change in 
eGFR (eGFRbaseline minus 
eGFR24 months) [95% CI]

Relative 
importancea

p-value Interpretation of 
significant associations

eGFR −0.12 [−0.13; −0.11] 55.0 <0.0001 A greater eGFR decline 
with higher baseline 
values

Randomised treatment (degludec vs glargine 
U100)

0.24 [−0.23; 0.72] 0.2 0.32  

History of hepatic impairment (yes vs no)b −8.59 [−10.20; −7.00] 18.3 <0.0001 A greater eGFR decline 
with a history

Systolic blood pressure −0.05 [−0.06; −0.04] 9.1 <0.0001 A greater eGFR decline 
with higher baseline 
values

CV risk group (high vs medium)c −1.80 [−2.57; −1.03] 3.4 <0.0001 A greater eGFR decline 
with high CV risk

History of proteinuria (yes vs no) −1.04 [−1.66; −0.42] 1.8 0.0009 A greater eGFR decline 
with presence at 
baseline

Triglycerides −0.23 [−0.37; −0.09] 1.7 0.001 A greater eGFR decline 
with higher baseline 
values

Prior stroke (yes vs no) 1.15 [0.45; 1.85] 1.7 0.001 A smaller eGFR decline 
with a history

History of peripheral artery disease  
(yes vs no)

−0.77 [−1.30; −0.23] 1.3 0.005 A greater eGFR decline 
with a history

History of angina (yes vs no) 1.06 [0.31; 1.81] 1.3 0.006 A smaller eGFR decline 
with a history

Log-transformed age −3.34 [−5.75; −0.92] 1.2 0.007 A greater eGFR decline 
with older age

Sex (female vs male) −0.71 [−1.23; −0.19] 1.2 0.008 A greater eGFR decline 
with female sex

History of heart failure (yes vs no) −0.92 [−1.62; −0.21] 1.1 0.011 A greater eGFR decline 
with a history

Log-transformed HbA1c −1.56 [−2.91; −0.20] 0.8 0.025 A greater eGFR decline 
with higher baseline 
values

Prior antidiabetic treatment regimen 0.5 0.002 An association between 
prior regimen and 
eGFR decline (non-
significant when 
explored further 
below)

 Long- + short-acting insulin versus none −1.95 [−6.79; 2.88] 0.43  
 Long-acting insulin versus none −1.75 [−6.63; 3.14] 0.48  
 Short-acting insulin versus none −0.97 [−5.92; 3.98] 0.70  
  Long- + short-acting insulin + OAD(s) 

versus none
−0.93 [−5.75; 3.90] 0.71  

 Long-acting insulin + OAD(s) versus none −0.58 [−5.40; 4.24] 0.81  
 Short-acting insulin + OAD(s) versus none −0.46 [−5.34; 4.42] 0.85  
 OAD(s) versus none −0.10 [−4.93; 4.74] 0.97  
Smoking status 0.5 0.043  
 Previous smoker versus never smoked 0.56 [0.02; 1.09] 0.043 A smaller eGFR decline 

with previous smoker 
status

 Current smoker versus never smoked −0.30 [−1.12; 0.53] 0.48  

(Continued)
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concomitant renovascular disease, smoking history and/or 
poor overall management. Notably, baseline glycaemic 
control was not identified as an important predictor of first 
AKI risk and was only a weak predictor of change in eGFR 
or first CKD risk in the present analyses that considered 
the influence of numerous demographic and clinical vari-
ables simultaneously. Baseline triglyceride levels were not 
identified as an important predictor of first CKD or AKI 
risk, and only a weak predictor of eGFR decline, contrast-
ing with the findings of a retrospective database study of 
German patients with T2D.25 A history of stroke or angina 
was associated with a smaller eGFR decline during the 
trial (i.e. a smaller absolute change). While CKD is a major 
risk factor for coronary artery disease and reduced eGFR is 
associated with a higher risk of stroke (approximately 40% 
higher), less is known about the potential for the reverse 
associations.26,2,27 This finding may be stochastic or it is 
possible that there were associations between prior stroke 
or angina with impaired kidney function on entry to 
DEVOTE, with less potential for absolute change in eGFR 
during the trial as a consequence.

Patients from the US were at higher risk of developing 
first AKI than those from other countries. While the factors 
underlying this association are unclear and may be sto-
chastic, there are other lifestyle factors (e.g. diet or activity 
levels), lower compliance, or concomitant medications 
(e.g. diuretics or nonsteroidal anti-inflammatory drugs) 
that may not have been captured in our analysis, but may 
have increased the risk of first AKI in US patients. In con-
trast with previous reports,28 there was a lower first CKD 
risk in older patients in our analyses. This is likely to be an 
artefact reflecting the DEVOTE eligibility criteria whereby 
patients aged ⩾50 years were required to have ⩾1 coexist-
ing CV or kidney condition, but those aged ⩾60 years only 
had to have ⩾1 CV risk factor.14 We report a 27% lower 
risk of first AKI with degludec versus glargine U100. 
While the mechanism for this is unclear, previous studies 
have reported associations between sustained glycaemic 
variability and kidney dysfunction in Asian patients with 
diabetes.29,30 Degludec has a more stable pharmacological 
profile and lower hypoglycaemia risk than glargine 
U100,14,31,32 but whether this contributed to the lower AKI 

CI: confidence interval; CV: cardiovascular; CKD-EPI: chronic kidney disease epidemiology collaboration; eGFR: estimated glomerular filtration rate; 
glargine U100: insulin glargine 100 units/mL; HbA1c: glycated haemoglobin; MMRM: mixed model for repeated measures; OAD: oral antidiabetic 
drug.
Significant demographic and clinical predictors were identified using stepwise selection in SAS PHREG (refer to Supplemental Table S1 for a list of 
variables considered). Randomised treatment, baseline eGFR and visit were forced to be part of the final model. Change in eGFR (by the CKD-EPI 
equation) from baseline to 24-month visit was analysed using a MMRM within subjects using an unstructured residual covariance matrix among 
visits at 12 and 24 months of study. The model included randomised treatment, eGFR and all significant predictors simultaneously. The relative 
importance of predictors was calculated based on the F-value contribution of each variable.
aCalculated as 100*F-value/Total F-value.
bDefined as a score of >2 on a modified Child-Pugh criteria scale using only bilirubin and albumin values.
cCV risk groups were categorised as follows – high: prior CV disease, medium: ⩾1 CV risk factor (full description available in Supplemental Methods S3).

Table 2. (Continued)

Table 3. Temporal association between severe hypoglycaemia and time to first kidney disorder in DEVOTE.

Event Time perioda Severe hypoglycaemia in time period prior to event

Yes No HR (yes/no) [95% CI] p-value

E PYO R E PYO R

CKD 0 days – end of trial 8 509 1.57 89 14,534 0.61 2.5 [1.2; 5.2] 0.013
0–7 days 2 14 13.95 95 15,029 0.63 23.0 [5.7; 93.6] <0.0001
8 days – end of trial 8 744 1.08 89 14,534 0.61 1.9 [0.9; 4.0] 0.079

AKI 0 days – end of trial 23 501 4.60 185 14,465 1.28 3.2 [2.1; 5.0] <0.0001
0–7 days 3 14 20.95 205 14,951 1.37 16.3 [5.2; 51.1] <0.0001
8 days – end of trial 23 740 3.11 185 14,465 1.28 2.3 [1.5; 3.6] 0.0002

AKI: acute kidney injury; CI: confidence interval; CKD: chronic kidney disease; E: number of events; HR: hazard ratio; MedDRA: Medical Dictionary 
for Regulatory Activities; PYO: patient-year of observation; R: rate of events per 100 PYO; SAE: serious adverse event.
Events of CKD and AKI were identified by searching investigator reports of SAEs (defined in Supplemental Methods S1) using narrow Standardised 
Medical Dictionary for Regulatory Activities (MedDRA) Queries (SMQ, version 19.0).
Data were pooled across treatments. Risk of first kidney disorders was analysed using Cox regression with previous occurrence of severe 
hypoglycaemia as time-dependent covariate. Severe hypoglycaemia was defined according to American Diabetes Association criteria as 
hypoglycaemia requiring the assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions.18

aDays after a severe hypoglycaemic event.
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risk observed in the present study is unknown and may be 
stochastic, while this difference may not be clinically rel-
evant. The potential for differential risks of kidney disor-
ders between diabetes therapies warrants consideration in 
future clinical trials. A number of traditional risk factors 
for AKI have been identified that include age, common 
comorbid diseases (e.g. CVD and CKD) and specific 
exposures (e.g. sepsis and some nephrotoxic agents),7 
although many of these traditional risk factors are not 
readily modifiable. Perhaps of greater interest from an 
interventional viewpoint are several novel risk factors for 
AKI that are potentially modifiable by pharmacotherapy 
or lifestyle changes, including obesity, anaemia and hyper-
glycaemia.7 However, as to which of these are useful tar-
gets for interventions requires further exploration.

We report substantially higher risks of subsequent first 
kidney disorders after experiencing severe hypoglycaemia 
at any time during the trial. These findings are in agreement 
with the results of supplementary analyses that indicate a 
temporal association between severe hypoglycaemia and 
the adjudicated first nephropathy endpoint in LEADER33 
(Supplemental Table S6, data not published). Severe hypo-
glycaemia is a predictor of macrovascular events, adverse 
clinical outcomes and mortality in patients with T2D.34–36 
Large randomised trials have reported adjusted HRs of 1.74 
to 3.27 for associations with all-cause mortality34,35 and a 
meta-analysis of cohort studies reported an overall relative 
risk of CV outcomes of 2.05 [1.74; 2.42] 95% CI for 
patients with T2D experiencing at least one severe hypo-
glycaemic event versus those without.37 Previous studies 
suggest the potential for links between hypoglycaemia and 
kidney outcomes.38,39 For instance, in a population-based 
study of T2D patients, hypoglycaemia was associated with 
higher risks of CKD and all-cause mortality over 10 years.38 
Moreover, AKI is a risk factor for hypoglycaemia during 
critical illness40 and this risk extends beyond hospitalisa-
tion in patients with diabetes.41

It is unclear whether there are direct pathophysiological 
links between severe hypoglycaemia and CV or kidney out-
comes, or whether severe hypoglycaemia is primarily a 
marker of vulnerability. We found that significant associa-
tions persisted after adjusting for baseline variables, which 
are expected to partly describe variation in vulnerability 
among patients. However, temporal associations were bidi-
rectional, and there were similar elevated risks of severe 
hypoglycaemia after experiencing either first CKD or AKI; 
hence, our findings provide support for a shared vulnerability 
in this patient population. When interpreting our findings, it is 
important to note that they were post hoc and reported with-
out adjustment for multiple comparisons. Kidney disorders 
were not adjudicated in DEVOTE, which limits results inter-
pretation to hypothesis generation. However, all available 
baseline factors were considered simultaneously and a data-
driven approach employed to identify relevant predictors. 
Strengths of the present analyses include the double-blind, 

active comparator-controlled trial design, characterisation of 
kidney status at baseline and the independent adjudication of 
severe hypoglycaemia.

In summary, most predictors were consistent with the 
literature on the progression of kidney disease and, thus, 
indicate that traditional, non-modifiable risk factors for 
kidney disorders are relevant in patients with T2D at 
high CV risk. Furthermore, bidirectional temporal asso-
ciations identified between severe hypoglycaemia and 
first kidney disorders highlight that these patients may 
warrant additional clinical attention, particularly shortly 
after the AE.

Acknowledgements

We thank the trial investigators, trial staff and trial participants 
for their participation. DEVOTE was conducted at 438 sites and 
the protocol was approved by the independent ethics committee 
or institutional review board at each site. Medical writing support 
was provided by Anna Campbell and editorial assistance pro-
vided by Clare Lowe, of Watermeadow Medical, an Ashfield 
company, part of UDG Healthcare plc, funded by Novo Nordisk. 
DEVOTE research activities were supported at numerous US 
centres by Clinical and Translational Science Awards from the 
National Institute of Health’s National Center for Advancing 
Translational Science.

Authors’ contributions

A.A. is the guarantor of this work and, as such, had full access to 
all the data in the study, and takes responsibility for the integrity 
of the data and the accuracy of the data analysis. All authors con-
firm that they meet the International Committee of Medical 
Journal Editors (ICMJE) uniform requirements for authorship 
and that they have contributed to the following tasks. Conception: 
all authors; Data analysis: T.M.; Data interpretation: all authors; 
Manuscript drafting and critical revision: all authors. All authors 
share in the final responsibility for the content of the manuscript, 
as well as the decision to submit it for publication.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: A.A. has received personal fees related to advisory boards 
and lectures from Novo Nordisk, Sanofi (South Africa), 
AstraZeneca, Merck Sharp and Dohme Corp., Lilly South Africa, 
Boehringer Ingelheim, Merck Biopharma, Servier Laboratories 
and Novartis South Africa. J.B.B.’s contracted consulting fees 
(including travel support) are paid to the University of North 
Carolina by Adocia, AstraZeneca, Dance Biopharm, Dexcom, Eli 
Lilly, Fractyl, GI Dynamics, Intarcia Therapeutics, Lexicon, 
MannKind, Metavention, NovaTarg, Novo Nordisk, Orexigen, 
PhaseBio, Sanofi, Senseonics, vTv Therapeutics and Zafgen; he 
reports research support – in the form of grants, travel and non-
financial support – that is paid to the University of North Carolina 
by AstraZeneca, Eli Lilly, Intarcia Therapeutics, Johnson & 
Johnson, Lexicon, Medtronic, NovaTarg, Novo Nordisk, Sanofi, 
Theracos, Tolerion and vTv Therapeutics; he is a consultant to 
Cirius Therapeutics Inc, CSL Behring, Mellitus Health, 



Amod et al. 9

Neurimmune AG, Pendulum Therapeutics and Stability Health 
and reports travel support from all companies as well as personal 
consulting fees from Cirius Therapeutics Inc and CSL Behring; he 
holds stock/options in Mellitus Health, Pendulum Therapeutics, 
PhaseBio and Stability Health; and he is supported by grants from 
the National Institutes of Health (UL1TR002489, R01HL110380, 
U01DK098246, UC4DK108612, U54DK118612, R01DK119913, 
R01DK112939, R61HL142680, P30DK124723), JDRFI, PCORI 
and the American Diabetes Association. D.K.M. has received per-
sonal fees from Boehringer Ingelheim, Janssen Research and 
Development LLC, Sanofi US, Merck Sharp and Dohme Corp., 
Eli Lilly USA, Novo Nordisk, GlaxoSmithKline, AstraZeneca, 
Lexicon Pharmaceuticals, Eisai, Pfizer, Metavant, Applied 
Therapeutics, Afimmune and Esperion. T.R.P. has received 
research support from Novo Nordisk and AstraZeneca (paid 
directly to the Medical University of Graz); and personal fees as a 
consultant from Adocia, Arecor, AstraZeneca, Bristol-Myers 
Squibb, Eli Lilly, Novo Nordisk and Roche Diabetes Care. T.R.P. 
is also the Chief Scientific Officer of CBmed (Center for Biomarker 
Research in Medicine), a public-funded biomarker research com-
pany. R.P.B. has received research support to University of 
Michigan from AstraZeneca; is supported by grants from the 
National Institutes of Health (NIDDK-1-R01-DK-107956-01, 
UC4 DK101108); and has received personal fees for consultancy 
from Novo Nordisk and Bayer. R.E.P. reports grants from Hanmi 
Pharmaceutical Co.; grants from Janssen; consulting fees from 
Merck; grants, speaker fees and consulting fees from Novo 
Nordisk; consulting fees from Pfizer; grants from Poxel SA; grants 
and consulting fees from Sanofi; consulting fees from Scohia 
Pharma Inc.; and consulting fees from Sun Pharmaceutical 
Industries. All fees and honoraria for services were paid directly to 
AdventHealth (formerly Florida Hospital), a non-profit organisa-
tion. B.Z. has received grant support from Boehringer-Ingelheim, 
AstraZeneca and Novo Nordisk; and consulting fees from 
AstraZeneca, Boehringer-Ingelheim, Eli Lilly, Janssen, Merck, 
Novo Nordisk and Sanofi. T.J. is a full-time employee of, and 
holds stock in, Novo Nordisk A/S. At the time of the study, T.M. 
and M.B.H. were full-time employees of, and held stock in, Novo 
Nordisk A/S; T.M. and M.B.H. continue to hold stock in, but are 
no longer employed by, Novo Nordisk A/S. N.R.P. has received 
personal fees from Servier, Takeda, Novo Nordisk and AstraZeneca 
in relation to speakers’ fees and advisory board activities (concern-
ing diabetes mellitus); and research grants for his research group 
(relating to type 2 diabetes mellitus) from Diabetes UK, National 
Institute for Health Research Efficacy and Mechanism Evaluation 
(NIHR EME), Julius Clinical and the British Heart Foundation. 
Additionally, N.R.P. was a recipient of NIHR Senior Investigator 
Awards and has been supported by the NIHR Imperial Biomedical 
Research Centre.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
The trial and these secondary analyses were funded by Novo 
Nordisk.

ORCID iD

Aslam Amod  https://orcid.org/0000-0002-9172-1019

Supplemental material

Supplemental material for this article is available online.

References

 1. Thomas MC, Cooper ME and Zimmet P. Changing epide-
miology of type 2 diabetes mellitus and associated chronic 
kidney disease. Nat Rev Nephrol 2016; 12: 73–81.

 2. Sarnak MJ, Amann K, Bangalore S, et al. Chronic kidney 
disease and coronary artery disease: JACC State-of-the-Art 
Review. J Am Coll Cardiol 2019; 74: 1823–1838.

 3. Rawshani A, Rawshani A, Franzen S, et al. Mortality and 
cardiovascular disease in type 1 and type 2 diabetes. N Engl 
J Med 2017; 376: 1407–1418.

 4. Xie Y, Bowe B, Xian H, et al. Rate of kidney function 
decline and risk of hospitalizations in stage 3A CKD. Clin J 
Am Soc Nephrol 2015; 10: 1946–1955.

 5. Al-Aly Z, Zeringue A, Fu J, et al. Rate of kidney function 
decline associates with mortality. J Am Soc Nephrol 2010; 
21: 1961–1969.

 6. Alicic RZ, Rooney MT and Tuttle KR. Diabetic kidney dis-
ease: challenges, progress, and possibilities. Clin J Am Soc 
Nephrol 2017; 12: 2032–2045.

 7. Nie S, Tang L, Zhang W, et al. Are there modifiable risk fac-
tors to improve AKI? Biomed Res Int 2017; 2017: 5605634.

 8. Susantitaphong P, Cruz DN, Cerda J, et al. World incidence 
of AKI: a meta-analysis. Clin J Am Soc Nephrol 2013; 8: 
1482–1493.

 9. Silver SA and Chertow GM. The economic consequences of 
acute kidney injury. Nephron 2017; 137: 297–301.

 10. Coca SG, Singanamala S and Parikh CR. Chronic kidney 
disease after acute kidney injury: a systematic review and 
meta-analysis. Kidney Int 2012; 81: 442–448.

 11. Hsu CY, Ordonez JD, Chertow GM, et al. The risk of acute 
renal failure in patients with chronic kidney disease. Kidney 
Int 2008; 74: 101–107.

 12. Patschan D and Muller GA. Acute kidney injury in diabetes 
mellitus. Int J Nephrol 2016; 2016: 6232909.

 13. Wu B, Bell K, Stanford A, et al. Understanding CKD among 
patients with T2DM: prevalence, temporal trends, and treat-
ment patterns-NHANES 2007–2012. BMJ Open Diabetes 
Res Care 2016; 4: e000154.

 14. Marso SP, McGuire DK, Zinman B, et al. Efficacy and 
safety of degludec versus glargine in type 2 diabetes. N Engl 
J Med 2017; 377: 723–732.

 15. Konstantinidis I, Nadkarni GN, Yacoub R, et al. 
Representation of patients with kidney disease in trials of 
cardiovascular interventions: an updated systematic review. 
JAMA Intern Med 2016; 176: 121–124.

 16. Amod A, Buse JB, McGuire DK, et al. Glomerular filtration 
rate and associated risks of cardiovascular events, mortality, 
and severe hypoglycemia in patients with type 2 diabetes: 
secondary analysis (DEVOTE 11). Diabetes Ther 2020; 11: 
53–70.

 17. Levey AS, Stevens LA, Schmid CH, et al. A new equation 
to estimate glomerular filtration rate. Ann Intern Med 2009; 
150: 604–612.

 18. Seaquist ER, Anderson J, Childs B, et al. Hypoglycemia and 
diabetes: a report of a workgroup of the American Diabetes 

https://orcid.org/0000-0002-9172-1019


10 Diabetes & Vascular Disease Research 00(0)

Association and the Endocrine Society. Diabetes Care 
2013; 36: 1384–1395.

 19. Pieber TR, Marso SP, McGuire DK, et al. DEVOTE 3: tem-
poral relationships between severe hypoglycaemia, cardio-
vascular outcomes and mortality. Diabetologia 2018; 61: 
58–65.

 20. Warren B, Rebholz CM, Sang Y, et al. Diabetes and trajec-
tories of estimated glomerular filtration rate: a prospective 
cohort analysis of the atherosclerosis risk in communities 
study. Diabetes Care 2018; 41: 1646–1653.

 21. Goderis G, Van Pottelbergh G, Truyers C, et al. Long-term 
evolution of renal function in patients with type 2 diabetes 
mellitus: a registry-based retrospective cohort study. BMJ 
Open 2013; 3: e004029.

 22. Echouffo-Tcheugui JB and Kengne AP. Risk models to pre-
dict chronic kidney disease and its progression: a systematic 
review. PLoS Med 2012; 9: e1001344.

 23. Tuegel C and Bansal N. Heart failure in patients with kidney 
disease. Heart 2017; 103: 1848–1853.

 24. Betrosian AP, Agarwal B and Douzinas EE. Acute renal 
dysfunction in liver diseases. World J Gastroenterol 2007; 
13: 5552–5559.

 25. Bramlage P, Lanzinger S, van Mark G, et al. Patient and 
disease characteristics of type-2 diabetes patients with or 
without chronic kidney disease: an analysis of the German 
DPV and DIVE databases. Cardiovasc Diabetol 2019; 18: 
33.

 26. Kelly D and Rothwell PM. Disentangling the multiple links 
between renal dysfunction and cerebrovascular disease. J 
Neurol Neurosurg Psychiatry 2020; 91: 88–97.

 27. Chwojnicki K, Król E, Wierucki Ł, et al. Renal dysfunction 
in post-stroke patients. PLoS One 2016; 11: e0159775.

 28. Mallappallil M, Friedman EA, Delano BG, et al. Chronic 
kidney disease in the elderly: evaluation and management. 
Clin Pract (Lond) 2014; 11: 525–535.

 29. Wei F, Sun X, Zhao Y, et al. Excessive visit-to-visit gly-
cemic variability independently deteriorates the progression 
of endothelial and renal dysfunction in patients with type 2 
diabetes mellitus. BMC Nephrol 2016; 17: 67.

 30. Low S, Lim SC, Yeoh LY, et al. Effect of long-term gly-
cemic variability on estimated glomerular filtration rate 

decline among patients with type 2 diabetes mellitus: 
insights from the diabetic nephropathy cohort in Singapore. 
J Diabetes 2017; 9: 908–919.

 31. Haahr H and Heise T. A review of the pharmacological 
properties of insulin degludec and their clinical relevance. 
Clin Pharmacokinet 2014; 53: 787–800.

 32. Ratner RE, Gough SC, Mathieu C, et al. Hypoglycaemia 
risk with insulin degludec compared with insulin glargine in 
type 2 and type 1 diabetes: a pre-planned meta-analysis of 
phase 3 trials. Diabetes Obes Metab 2013; 15: 175–184.

 33. Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide 
and cardiovascular outcomes in type 2 diabetes. N Engl J 
Med 2016; 375: 311–322.

 34. Zoungas S, Patel A, Chalmers J, et al. Severe hypoglycemia 
and risks of vascular events and death. N Engl J Med 2010; 
363: 1410–1418.

 35. Mellbin LG, Ryden L, Riddle MC, et al. Does hypogly-
caemia increase the risk of cardiovascular events? A report 
from the ORIGIN trial. Eur Heart J 2013; 34: 3137–3144.

 36. McCoy RG, Van Houten HK, Ziegenfuss JY, et al. Increased 
mortality of patients with diabetes reporting severe hypo-
glycemia. Diabetes Care 2012; 35: 1897–1901.

 37. Goto A, Arah OA, Goto M, et al. Severe hypoglycaemia 
and cardiovascular disease: systematic review and meta-
analysis with bias analysis. BMJ 2013; 347: f4533.

 38. Shih CJ, Wu YL, Lo YH, et al. Association of hypoglycemia 
with incident chronic kidney disease in patients with type 2 
diabetes: a nationwide population-based study. Medicine 
(Baltimore) 2015; 94: e771.

 39. Yun JS, Ko SH, Ko SH, et al. Presence of macroalbuminuria 
predicts severe hypoglycemia in patients with type 2 dia-
betes: a 10-year follow-up study. Diabetes Care 2013; 36: 
1283–1289.

 40. Mahmoodpoor A, Hamishehkar H, Beigmohammadi M, 
et al. Predisposing factors for hypoglycemia and its relation 
with mortality in critically ill patients undergoing insulin 
therapy in an intensive care unit. Anesth Pain Med 2016; 6: 
e33849.

 41. Hung AM, Siew ED, Wilson OD, et al. Risk of hypoglyce-
mia following hospital discharge in patients with diabetes 
and acute kidney injury. Diabetes Care 2018; 41: 503–512.


