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Abstract

Background: The estimated glomerular filtration rate (eGFR) and the albumin-to-creatinine ratio (ACR) are risk fac-
tors for diabetes-related outcomes. A composite that captures information from both may provide a simpler way of
assessing risk.

Methods: 9115 of 9901 Researching Cardiovascular Events with a Weekly Incretin in Diabetes (REWIND) participants
with both an ACR and eGFR at baseline were included in this post hoc epidemiologic analysis. The hazard of higher
baseline levels of 1/eGFR and natural log transformed ACR (calculated as In [ACR x 100] to eliminate negative values)
and their interaction for incident major adverse cardiovascular events (MACE), kidney outcomes, and deaths was
estimated. The hazard of the geometric mean of these two baseline measures (the kidney disease index or KDI) was
also assessed.

Results: A non-linear relationship was observed between 1/eGFR and all three outcomes, and between In

[ACR x 100] and the kidney outcome. There was also a negative interaction between these two risk factors with
respect to MACE and death. Conversely, a linear relationship was noted between the KDI and all three outcomes.
People in the highest KDI fifth experienced the highest incidence of MACE, death, and the kidney outcome (4.43, 4.56,
and 5.55/100 person-years respectively). C statistics for the KDI were similar to those for eGFR and albuminuria.

Conclusions: The KDI combines the baseline eGFR and ACR into a novel composite risk factor that has a simple linear
relationship with incident serious outcomes in people with diabetes and additional CV risk factors.

Trial Registration clinicaltrials.gov NCT01394952.
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Background

The estimated glomerular filtration rate (eGFR) and the
degree of albuminuria measured by the albumin-to-
creatinine ratio (ACR) are routinely measured in people
with diabetes and are recognised as prognostic indices
for kidney outcomes, cardiovascular outcomes, and
death. Indeed, large meta-analyses and current guide-
lines support the combined use of both measures to
identify people at highest risk of these outcomes [1, 2].
These guidelines are supported by later large prospective
studies [3] that assess these risk factors as either con-
tinuous variables or as categorical variables focused on
the stage of kidney disease (defined using various eGFR
thresholds) and the presence of either microalbuminuria
(defined as an ACR of 30-300 mg/g) or macroalbumi-
nuria (defined as an ACR>300 mg/g) [2]. These reports
generally assessed these 2 risk factors independently and
usually assumed a linear relationship between them and
incident outcomes.

The Researching Cardiovascular Events with a Weekly
Incretin in Diabetes (REWIND) trial recruited 9901 indi-
viduals of mean age 66 years (46% women) who had type
2 diabetes and additional cardiovascular risk factors, and
randomly assigned them to the glucagon-like peptide
1 receptor agonist dulaglutide or placebo. Participants
were followed for a median of 5.4 years during which the
hazard of major adverse cardiovascular events (MACE)
was significantly reduced by 12% with dulaglutide ver-
sus placebo. The availability of baseline albuminuria and
an eGFR in 9115 REWIND participants, the long-term
follow-up and the high number of kidney outcomes,
cardiovascular outcomes and deaths provide an oppor-
tunity to assess the nature of the relationship of these 2
baseline measures to the incidence of these outcomes.
It also presents an opportunity to determine whether
combining these two measures into one index has a simi-
lar or stronger relationship to these outcomes than the
components.

Methods

As previously published [4, 5], the REWIND trial
recruited people aged 50 or older with either newly
diagnosed or established type 2 diabetes whose body
mass index was>23 kg/m2, and whose HbAlc was
9.5% or less (with no lower limit) on stable doses of up
to 2 oral glucose-lowering drugs with or without basal
insulin between August 2011 and 2013. Exclusion cri-
teria included an estimated glomerular filtration rate
(eGFR) < 15 mL/min/1.73 m?. Participants were randomly

assigned to weekly subcutaneous injections of either
dulaglutide 1.5 mg or identical placebo and followed for
a median period of 5.4 years for the occurrence of clini-
cal outcomes. Annual laboratory assessments (measured
at local laboratories) included serum creatinine and a
urine albumin-to-creatinine ratio (ACR). The protocol
was reviewed by Research Ethics Boards for 371 sites in
24 countries and all participants provided signed written
informed consent.

Outcomes

The primary outcome of the REWIND trial was the first
occurrence of MACE comprising blindly adjudicated
nonfatal myocardial infarction, nonfatal stroke, or death
from cardiovascular or unknown causes. This post-hoc
epidemiologic analysis focused on this outcome, total
mortality, and a kidney composite outcome comprising
new macroalbuminuria (i.e, a ACR>33.9 mg/mmol), a
sustained decline in eGFR of >40%, or chronic kidney
replacement therapy.

Model validation

Validation was done using data from 12,187 Outcomes
Reduction with and Initial Glargine Intervention (ORI-
GIN) trial participants (mean age 64 years, 35% women)
who had a baseline eGFR and ACR measurement and
who were followed for a median of 6.2 years [6]. MACE
and death from cardiovascular causes were assessed in
ORIGIN using the same definition as the REWIND trial.
The kidney composite outcome in that trial (based on
measurements at baseline, 2-years and study end) was
defined as the first occurrence of a doubling of serum
creatinine, worsening of albuminuria category (from nor-
mal to microalbuminuria or clinical proteinuria, or from
microalbuminuria to clinical proteinuria), chronic kidney
replacement therapy or death due to kidney failure [7].

Statistical analyses

This report describes epidemiologic analyses focused on
the prognostic relevance of the eGFR and ACR, regard-
less of random assignment, and is restricted to partici-
pants who had both measurements recorded at baseline.
Continuous variables were summarized using either the
arithmetic mean and standard deviation or the median
for which either interquartile or inter-decile (i.e., between
the 10th and 90th percentile) ranges were reported.
Categorical variables were summarized as counts with
percentages and compared across categories using the
chi-square statistic.
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The eGFR was calculated at each visit using the Modi-
fication of Diet in Renal Disease equation [8] and was
transformed prior to analyses by calculating the inverse
of its value (i.e., 1/eGFR) so that higher levels would
reflect worse kidney function. The skewed distribution of
ACR was normalized by calculating the natural logarithm
(In) of each measurement. ACR values below the lower
limit of detection of 0.1 mg/g were assigned this lower
limit. Because the ACR could be less than 1 (for which
the In would be negative) the ACR values were multiplied
by 100 prior to this transformation. These two indices
of kidney status were analyzed separately and combined
into a novel kidney disease index (KDI) by calculating
the geometric mean of these two values for each par-
ticipant [9]. Baseline characteristics and the incidence of
the reported outcomes were presented overall and after
dividing participants into 5 groups that were defined
using quintiles of KDL

Cox proportional hazards models were used to ana-
lyze the relationship between age and sex-adjusted
levels of these three kidney measures (i.e., 1/eGFR, In
(ACR x 100), and the KDI) and the first occurrence of
the MACE outcome, death, and the kidney composite
outcome. The shape of the relationship between these
three kidney measures and the hazard of the three out-
comes was assessed using Martingale residuals and spline
plots. For these analyses the 3 kidney measures were
expressed as Z-scores (calculated as an individual’s level
minus the mean divided by the standard deviation). If a
variable appeared to have a nonlinear relationship with
an outcome, the corresponding model was re-estimated
after including both the linear and squared variable in

Page 3 of 8

the model. The possibility of an interaction between 1/
eGFR and In (ACR x 100) with respect to these three
outcomes was assessed by adding an interaction term to
the models. Proportionality was assessed by plotting the
log of negative log of the survival function against the
log of time. Model performance was assessed using the
C-statistic. Participants were censored at either the date
of the final follow-up visit, the date of death, or the date
of discontinuation from the trial.

All analyses were done using SAS software (version
9.4). This trial is registered with ClinicalTrials.gov, num-
ber NCT01394952.

Results

The baseline clinical and biochemical characteristics of
the 9,115 individuals, including 4222 (46.3%) women,
who had a baseline ACR and a baseline eGFR are noted
in Additional file 1: Table S1. Their mean (SD) age, dia-
betes duration and HbAlc levels were 66.2 (6.5) years,
10.5 (7.2) years and 7.3 (1.1%), respectively. The mean
(SD) eGFR was 76.9 (22.8) ml/min/1.73 m?, and the mean
(SD) inverse of eGFR (i.e.,, 1/eGFR) was 0.014 (0.007).
The median ACR was 1.8 (IQR 0.7, 7.4), and the mean In
(ACR X 100) was 5.5 (SD 1.7) mg/mmol. The arithmetic
mean (SD) of participants’ KDI values calculated as the
geometric mean of their 1/eGFR and In (100 X ACR) was
0.27 (0.08).

The incidence of MACE, death, and the kidney com-
posite outcome during follow-up was 2.51, 2.19 and 2.71
per 100 person-years respectively (Table 1). As noted
in the Fig. 1 (spline) there was a non-linear relation-
ship between 1/eGFR and MACE, death, and the kidney

Table 1 Proportion of events and their incidence by fifths of the geometric mean of each person’s kidney disease index

Overall Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P
N=9115 N=1823 N=1823 N=1823 N=1823 N=1823
Median KDI (10—90) 0.26 (0.20-0.37) 0.20(0.16-0.21) 0.23(0.22-0.24) 0.26 (0.25-027)  0.30(0.28-032)  0.37(0.33-047)
Median eGFR (10—90)  74.9 (48.8-106.8) 973 (73.0-126.2) 852(67.2-109.9) 76.2(59.6-982) 67.6(51.7-86.9) 51.8(33.5-69.9)
Median ACR (10—90) 1.8 (0.3-29.8) 04 (0.1-1.3) 1.1 (04-3.7) 1.8 (0.6-9.0) 4.0 (1.0-27.0) 18.1 (2.2-109.4)
MACE
N (%) 1161 (12.7) 149 (8.2) 175 (9.6) 194 (10.6) 264 (14.5) 379 (20.8) <0.001
N/100py 2.51 1.54 1.84 2.08 2.90 443
Death
N (%) 1045 (11.5) 108 (5.9) 140 (7.7) 167 (9.2) 223(12.2) 407 (22.3) <0.001
N/100py 2.19 1.09 143 1.74 236 4.56
Kidney composite
N (%) 1226 (13.5) 161 (8.8) 136 (7.5) 213(11.7) 274 (15.0) 442 (24.2) <0.001
N/100py 271 1.68 143 2.31 3.08 555

The kidney composite includes new macroalbuminuria, a sustained decline in eGFR > 40%, or chronic kidney replacement therapy; the P value is from the chi-square

test for trend

GM geometric mean; 10-90 the tenth and 90th percentile boundaries; ACR albumin-to-creatinine ratio; eGFR estimated glomerular filtration rate
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Fig. 1 Spline curves illustrating the relationship between standard deviation-level increments in 1/eGFR, In (100 x ACR), and the kidney disease
index (i.e, the geometric mean of these 2 measures) that are displayed on the x axes, and hazards of the incident outcomes that are displayed on
the y axis

composite outcome. To account for this, hazard ratios for
these 3 outcomes were estimated with a Cox model that
included both a linear and a quadratic term for 1/eGFR.
Using this model (Table 2), one standard deviation above
the mean was associated with a MACE HR of 1.31 (95%
CI 1.22,1.40), a death HR of 1.52 (95% CI 1.42, 1.61), and
a kidney composite HR of 1.34 (95% CI 1.25, 1.44). A sig-
nificant interaction between 1/eGFR and sex suggested a
higher hazard for women versus men (Additional file 1:
Table S2) for MACE (interaction P=0.012).

A non-linear relationship was also noted between
Ln (100 x ACR) and the composite kidney outcome,
whereas a linear relationship was noted between this
variable and MACE, and death (Fig. 1). Thus, the haz-
ard ratio for the composite kidney outcome was esti-
mated with a Cox model that included both a linear
and a quadratic term, whereas only a linear term was
needed for the other outcomes. Using these models
(Table 2) one standard deviation above the mean was
associated with a MACE HR of 1.40 (95%CI 1.32, 1.47),

Table 2 Age and sex-adjusted hazard with a one standard deviation higher level of markers of kidney disease

Ln (100*ACR) 1/eGFR? Interaction (P)° KDI
Mean 547 0014 N/A 0.27
Standard deviation 1.74 0.007 N/A 0.08
MACE (per 1 SD) 140 (1.32,147) 1.31(1.22,1.40) Negative (0.031) 1.27(1.23,1.31)
Death (per 1 SD) 1.53(1.44,1.62) 152(142,1.61) Negative (0.018) 1.30(1.27,1.31)
Kidney composite (per 1 SD) 1.79 (1.68, 1.90) 1.34(1.25,1.44) No Interaction 1.31(1.28,1.34)

Hazard rates are per 1 SD (standard deviation) higher level of the risk factor and are from the age and sex adjusted models for each variable
ACR urine albumin-to-creatinine ratio; eGFR estimated glomerular filtration rate; KDI kidney disease index
2 As the relationship between 1/eGFR and the outcomes is not linear, the models include both 1/eGFR and the square of 1/eGFR as independent variables

P The interaction column notes whether there was an interaction between Ln(100*ACR) and 1/eGFR with respect to each of the 4 outcomes and is based on an age
and sex adjusted Cox model that includes each term, an interaction term between the two, and a term that includes the square of 1/eGFR. The kidney composite
includes new macroalbuminuria, a sustained decline in eGFR > 40%, or chronic kidney replacement therapy
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a death HR of 1.53 (95%CI 1.44, 1.62), and a kidney out-
come HR of 1.79 (95%CI 1.68, 1.90).

When both 1/eGFR and Ln (100 x ACR) were
included in the same models, statistically significant,
negative interactions for MACE (interaction P=0.031)
and death (interaction P=0.018) were identified such
that for these 2 outcomes (Table 2), the eGFR was a
poor predictor in people with a high degree of albumi-
nuria (Fig. 2a and c¢) and albuminuria was a poor pre-
dictor in people with a low eGER (Fig. 2b and d). These
interactions are illustrated in Fig. 2 which displays the
predicted hazard ratio of these 2 outcomes at different
levels of albuminuria and eGFR.

In contrast to both 1/eGFR and Ln (100 x ACR), a
linear relationship was noted between the geometric
mean of these 2 variables (the KDI) and all three out-
comes (Fig. 1). Thus, every standard deviation higher
KDI was associated with a 27% to 31% higher hazard
of these outcomes (Table 2). A significant interac-
tion between KDI and sex suggested a higher hazard
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for women versus men (Additional file 1: Table S2) for
MACE (interaction P =0.013).

As noted in Additional file 1: Table S1, those with
higher KDI values were more likely to be women, and
were older, had a longer duration of diabetes, and a higher
systolic blood pressure, HbAlc and LDL cholesterol.
They also had a higher prevalence of hypertension, cardi-
ovascular disease, retinopathy and use of renin angioten-
sin system drugs, and a lower prevalence of tobacco and
statin use. Higher fifths of KDI were also associated with
a higher incidence of these outcomes (P for trend <0.001)
during follow-up (Table 1), such that participants in the
highest fifth had an annual incidence of MACE, death,
and the kidney composite outcome of 4.43, 4.56, and 5.55
per 100 person years respectively (Table 1).

The addition of the KDI to age and sex yielded areas
under the receiver operating characteristics curves (i.e.,
C-statistics) that were greater than those for age and
sex alone for MACE (0.63 versus 0.60), death (0.68 ver-
sus 0.63) and the renal composite (0.65 versus 0.52), and
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similar to those for the age and sex-adjusted eGFR and
albuminuria components of the KDI when included in
a multivariable model (Additional file 1: Table S3). The
same pattern was noted when the KDI was assessed using
data from the ORIGIN trial (Additional file 1: Table S4).

Discussion

Diabetes guidelines recommend the annual assessment
of the eGFR and the ACR to identify patients at high risk
for serious outcomes [10]. In this epidemiologic analysis
of 9,115 middle-aged men and women with type 2 dia-
betes and additional cardiovascular risk factors, both
kidney function and albuminuria expressed as 1/eGFR
and In (100 x ACR) respectively predicted MACE, death,
and a kidney composite outcome. Notably, there was
a non-linear relationship between 1/eGFR and all these
outcomes, and between albuminuria and the kidney
composite outcome. Moreover, for MACE and death the
prognostic value of each measure was diminished in the
presence of higher levels of the other (Fig. 2). When both
albuminuria and the eGFR were combined into a kidney
disease index, calculated as a geometric mean of 1/eGFR
and In (100 x ACR), higher values were linearly related to
all 3 outcomes. Moreover, the age and sex- adjusted prog-
nostic value of the KDI was similar to the full complex
model that accounted for both variables, their non-linear
relationships, and their interactions with each other.

Many epidemiologic analyses evaluated multivariable
prediction models for diabetes-related kidney outcomes
and reported excellent performance for models that
include many variables in addition to eGFR and/or ACR
[11]. Some have identified both the eGFR and ACR as
important indices for kidney outcomes [12-15], cardio-
vascular outcomes [16—18], and death [14—16]. However,
few have formally interrogated the shape of the relation-
ship between these 2 variables and kidney outcomes as
well as cardiovascular outcomes and death. The obser-
vation of a non-linear relationship between the eGFR
variable and all four outcomes in the REWIND data is
consistent with the findings of a large meta-analysis pub-
lished in 2012 [15].

Both the eGFR and albuminuria are generally viewed
as independent determinants of these outcomes. Indeed,
the 2012 Kidney Disease Improving Global Outcomes
(KDIGO) guidelines graphic which displays albuminuria
and eGFR categories on 2 axes [2] (Additional file 1: Fig-
ure S1) implies an orthogonal or independent relation-
ship between these 2 variables and suggests that highly
abnormal levels of both confer a worse prognosis for
various outcomes than abnormal levels of only one alone.
These analyses show that this is indeed the case for the
kidney outcome. However, the observed negative interac-
tions illustrated in Fig. 2 in which high degrees of either
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of these risk factors (albuminuria or kidney dysfunction)
were poor predictors of MACE and death in the pres-
ence of high degrees of the other, suggests that they are
not independent risk factors for these other outcomes.
Most epidemiologic analyses have not tested for such
interactions. When they were assessed, a similar negative
interaction for cardiovascular events was reported in one
publication [17], but not another [16].

The non-linear relationships and interactions noted
above plus the fact that both the eGFR and albuminuria
are prognostically relevant for future serious outcomes
highlight the potential value of a metric that combines
the information contained in both the eGFR and the
ACR. The KDI is such a metric. Its linear relationship to
the 3 outcomes illustrated in Fig. 1, its straightforward
calculation, and the fact that its area under the receiver
operating characteristics curve is similar to that of com-
plicated models that include interactions and squared
terms, highlight its possible utility as a simple prognos-
tic marker for kidney outcomes as well as cardiovascular
outcomes and death.

Strengths of these exploratory, post hoc analyses
include the international nature of these data, the fact
that the participants are similar to people with diabetes
in the general population [19], the long-term follow-up,
the high number of outcomes, the fact that all clinical
outcomes were adjudicated, and consistent findings when
the new index was applied to a different cohort from the
ORIGIN trial. The absence of a central laboratory for the
urine and serum measurements is a limitation common
to many epidemiologic studies of kidney function [20]
that is mainly mitigated by the large sample size. These
analyses are also limited by the fact that they were not
prespecified, and the fact that they were conducted in
middle-aged and older people with diabetes and addi-
tional cardiovascular risk factors who consented to par-
ticipate in a long-term randomized controlled trial. They
therefore may not be applicable other populations.

Conclusion

The eGFR and ACR are routinely measured risk factors
for kidney and cardiovascular outcomes. The observa-
tion that these risk factors were not linearly related to
these outcomes and were not independent of each other
for predicting MACE and death highlights their complex
relationship to each other and to these outcomes. The
KDI is a composite measure of these two risk factors. It
combines information from both risk factors and has a
simple linear relationship to all three outcomes. Moreo-
ver, its ability to predict these three outcomes was similar
to the ability of complex models that included the eGFR
and ACR, nonlinear terms and interaction terms to pre-
dict these outcomes. The KDI could therefore simplify
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the identification of the highest risk individuals who are
most likely to benefit from preventive therapies. Its utility
as a risk stratification tool should be assessed and con-
firmed in future epidemiologic studies and clinical trials.
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