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OBJECTIVE

We aimed to investigate the rate of progression of nonalbuminuric chronic kidney
disease (CKD) to end-stage kidney disease (ESKD) or death or major cardiovascular
events (MACE) compared with albuminuric and nonalbuminuric phenotypes.

RESEARCH DESIGN AND METHODS

We included 10,185 participants with type 2 diabetes enrolled in the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) study. Based on baseline
albuminuria and estimated glomerular filtration rate (eGFR), participants were
classified as having no kidney disease (no CKD), albuminuria only (albuminuric non-
CKD), reduced eGFR only (nonalbuminuric CKD), or both albuminuria and reduced
eGFR (albuminuric CKD). The rateofeGFRdeclineandhazard ratios (HRs) for ESKDor
death or MACE were calculated.

RESULTS

For individuals with no CKD and those with nonalbuminuric CKD, the rates of eGFR
declinewere21.31and20.60mL/min/year, respectively (P<0.001). In competing-
risks analysis (no CKD as the reference), HRs for ESKD indicated no increased risk
for nonalbuminuric CKD (0.76 [95% CI 0.34, 1.70]) and greatest risk for albuminuric
CKD (4.52 [2.91, 7.01]). In adjusted Cox models, HRs for death and MACE were
highest for albumuniuric CKD (2.38 [1.92, 2.90] and 2.37 [1.89, 2.97], respectively)
and were higher for albuminuric non-CKD (1.82 [1.59, 2.08] and 1.88 [1.63, 2.16],
respectively) than for those with nonalbuminuric CKD (1.42 [1.14, 1.78] and 1.44
[1.13, 1.84], respectively).

CONCLUSIONS

Those with nonalbuminuric CKD showed a slower rate of decline in eGFR than did
any other group; however, these individuals still carry a greater risk for death and
MACE than do those with no CKD.

Diabetic kidney disease is one of the most frequent complications of both types of
diabetes and is the leading cause of end-stage kidney disease (ESKD) in the general
population (1,2).
Traditionally, most people with diabetic kidney disease are believed to develop

albuminuria prior to a fall in glomerular filtration rate (GFR) (3). However, the
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literature suggests that a significant pro-
portion of people with diabetes have
kidney disease as defined by abnormal
estimated GFR (eGFR) even without al-
buminuria, and more recent studies sug-
gest that this has becomemoreprevalent
in type 2 diabetes (4–8).
People with albuminuric chronic kid-

ney disease (CKD) have significant risk of
progression to ESKD and have increased
all-cause and cardiovascular mortality
(9,10). However, the risk of progression
of nonalbuminuric renal impairment in
diabetes has not been investigated thor-
oughly. Thus, the clinical and prognostic
implications of this phenotype remain
unclear.Our group recently presented an
analysis of the Chronic Renal Insuffi-
ciency Cohort (CRIC) Study (11), explor-
ing this issue among people with
diabetes, and showed that progression
to ESKD is very low among people with
nonalbuminuric renal impairment.
In the CRIC, however, all study partic-

ipants had renal impairment at baseline.
Thus, we were unable to compare the
nonalbuminuric renal impairment group
with a nonalbuminuric group with nor-
mal eGFR. Furthermore, we did not re-
port on mortality and cardiovascular
events in the CRIC, although CKD is strongly
associated with these outcomes. To address
these limitations, we have now explored
this issue in a population with diabetes
that includes those with normal renal
function. The aim of this study was to
determine the rate of progression of non-
albuminuric CKD to ESKDordeathormajor
cardiovascular events (MACE) com-
pared with albuminuric CKD and to al-
buminuric and nonalbuminuric groups with
normal eGFR using the Action to Control
CardiovascularRisk inDiabetes (ACCORD)
clinical trial and posttrial data set.

RESEARCH DESIGN AND METHODS

Study Design and Participants
ACCORD was a multicenter randomized
controlled trial in the U.S. and Canada
that examined whether intensive glyce-
mic control, lipid management, and in-
tensive blood pressure control could
prevent MACE (myocardial infarction,
stroke, or cardiovascular death) among
people with type 2 diabetes. A detailed
description of the study design has
been published (12,13). Briefly, between
2003 and 2005, a total of 10,251 partic-
ipantswith type2diabeteswere enrolled
basedon age (40–79 years), the presence

of high risk of having a cardiovascular
event, and HbA1c $7.5%, from 77 cen-
ters across the U.S. and Canada. The
ACCORDION study continued observation
of willing participants (n5 8,601) repre-
senting 98% of 8,777 people without a
primary outcome event for long-term
follow-up after they completed the tri-
al (14). The average duration of the
ACCORD trial was 5 years, and the aver-
age combined duration of the ACCORD
and ACCORDION trials was 9 years. In
the current analysis, a total of 10,185
people were included for whom com-
plete information on albuminuria status
and eGFR at baseline was available
(Supplementary Fig. 1).

Measurements
Sociodemographics, medical history,
concomitant medications use, lifestyle
behaviors, health-related quality of
life, physical examination, and laboratory
data were collected with frequency of
measurement varying by treatment as-
signment, but at least at baseline, every
2 years, and at the end of the trial or
posttrial visits (14).

Measurement of urine albumin-to-
creatinine ratio (UACR) was performed
on spot urine samples at baseline,
24 months, and 48 months after ran-
domization and at the end of follow-up.
Serum creatinine was measured at base-
line, at every 4 months throughout the
trial, and at the end of the trial or posttrial
visits. To confirm the serum creatinine
value, participants were asked to attend
a repeat serum creatinine measurement
if an eGFR fell to ,30 mL/min/1.73 m2.
eGFR was calculated by the four-variable
MDRD equation (15). Both UACR and
serum creatinine were measured at
the ACCORD central laboratories. De-
tailed information about measurement
methods for laboratory parameters is
described in previous reports (12,16).

Albuminuria was defined as a UACR
of$3.4mg/mmol ($30mg/g). CKDwas
defined as eGFR ,60 mL/min/1.73 m2.
Based on baseline UACR and eGFR, study
participants were divided into four
groups: no CKD (UACR ,3.4 mg/mmol
[,30 mg/g] and eGFR $60 mL/min/
1.73 m2), albuminuric non-CKD
(UACR $3.4 mg/mmol [$30 mg/g]
and eGFR $60 mL/min/1.73 m2), albu-
minuric CKD (UACR $3.4 mg/mmol
[$30 mg/g] and eGFR ,60 mL/min/
1.73 m2), and nonalbuminuric CKD

(UACR ,3.4 mg/mmol [,30 mg/g]
and eGFR ,60 mL/min/1.73 m2). The
no CKD group was further subclassified
into the following categories: hyperfiltra-
tion ($120 mL/min/1.73 m2), normal
eGFR or normal kidney function (90–
120 mL/min/1.73 m2), and mildly de-
creased eGFR (60–90 mL/min/1.73 m2).

Study Outcomes
The prespecified renal outcomes in the
ACCORD trial were: new or worsening
nephropathy; doubling of serum creat-
inine or reduction in eGFR at least 20
mL/min per 1.73 m2; and ESKD (defined
as a need for dialysis or renal trans-
plantation or rise of serum creatinine
.291.72 mmol/L in the absence of an
acute reversible cause). Other outcomes
included all-cause mortality, cardiovas-
cular mortality, MACE, major hypoglyce-
mia, retinopathy, and neuropathy. In this
analysis, we specifically focused on the
rate of kidney function decline or ESKD,
all-causemortality, andMACE (13). ESKD
events occurring during the posttrial
period were not reported in the data
set. Thus, for the posttrial period, we
defined ESKD as progression to sustained
eGFR #15 mL/min/1.73 m2.

Statistical Analysis
Differences in means or proportions of
risk factors across groups were compared
using ANOVA or x2 tests as appropriate.
Cox proportional hazards models were
used to model association of baseline
albuminuria and eGFR with time to all-
cause mortality and MACE. The com-
peting risks method (with death as a
competing risk) was used for the analysis
of the risk of ESKD (17).

To estimate the rate of eGFR decline
and to compare the rates among groups,
we used joint longitudinal-survival mod-
eling, an advanced statistical approach,
to take into account the possibility of
informative censoring due to the shorter
follow-up duration of subjects withmore
rapid decline (18–20). For the longitudi-
nal part of the joint model, the linear
mixed model with random intercept
and slope was used to model changes
in eGFR for each group, while for the
survival model, a proportional hazard
model with Weibull baseline hazard
was used with rate of eGFR declines
as covariate. These models were ad-
justed for covariates including age,
sex, race/ethnicity, duration of diabetes,
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smoking, history of cardiovascular dis-
ease (CVD), baseline serum lipid levels,
baseline BMI, systolic blood pressure,
glycated hemoglobin, and use of renin-
angiotensin-aldosterone system (RAAS)
blockade. The percentage of observa-
tions with missing data was only
2.1%. Given this small percentage of
incomplete observations and the fact
that a joint model, when restricted to
participantswith complete observations,
is robust when the missing data were
missing-at-random (21), multiple impu-
tation was not performed, and only
participants with complete observations
were analyzed.
Using output of the joint model, we

then performed additional analyses to
determine the threshold of baseline
UACR at which the magnitude of eGFR
slope began to decrease sharply. The
individual slopes of eGFR from the joint
model were plotted against baseline
UACR using median regression with re-
stricted cubic splines (22).
A horizontal line was drawn through

the point at which the estimated median
slope crossed the traditional UACR cut
point for microalbuminuria, and this line
represents “slow rate of progression.”
The threshold for faster decline is then
chosen as the baselineUACRatwhich the
95% CI for eGFR slopes fall below this
line. All statistical analyses were per-
formedusing Stata, version 14.1 (Stata
Corporation).
We received a de-identified data set

from the National Heart, Lung, and Blood
Institute (NHLBI) Biologic Specimen and
Data Repository Information Coordinat-
ing Center (BioLINCC) after institutional
review board approval from the human

research ethics committees of the Alfred
Hospital (project number 214/18) and
Monash University (project number
13458; Melbourne, Australia).

RESULTS

This study includes 10,185 people with
type 2 diabetes who were enrolled into
the ACCORD clinical trial. The median
in-trial and total follow-up periods were
5.0 and 8.8 years, respectively. Charac-
teristics of the study participants at
baseline are summarized in Table 1.
Theprevalenceofdiabetic kidneydisease
phenotypes was 28.1% for albuminuric
non-CKD, 4.3% for nonalbuminuric CKD,
and 3.4% for albuminuric CKD. People
with nonalbuminuric CKD were older,
more frequently women, and non-
smokers and had lower systolic and di-
astolic blood pressure compared with
those with no CKD and to those with
albuminuria. In addition, RAAS blockade
prescription was higher in the nonalbu-
minuric CKD group compared with no
CKD or albuminuric non-CKD groups but
not to those with albuminuric CKD. Sim-
ilar differences in smoking status, systolic
and diastolic blood pressure, and RAAS
blockade usage among groupswere seen
at the end of the trial (ACCORD) and at
the end of the entire study (ACCORDION)
(Supplementary Table 1).

Renal function changes during the
total study period were evaluated with
109,783 (mean [SD] 12 [4] per person)
eGFR values (Supplementary Fig. 1). Us-
ing joint longitudinal-survival modeling,
the adjusted mean (SD) eGFR change for
theoverall studyperiodwas21.31 (2.23)
mL/min/1.73 m2 for people with nor-
moalbuminuria and normal eGFR

and 20.60 (1.28) mL/min/1.73 m2 for
nonalbuminuric CKD (95% CI 0.51, 0.90;
P , 0.001). In the no CKD subgroups
withhyperfiltrationandmildly decreased
eGFR, the adjusted mean (SD) change in
eGFRwas22.53 (2.78) and20.91 (1.91),
respectively (Table 2).

We also calculated the annual per-
centage change in eGFR for each group.
The average annual percentage declines
(SD) in eGFR were 21.10% (1.88%) in
nonalbuminuric CKD,21.24% (1.82%) in
people with normoalbuminuria and nor-
maleGFR,22.60%(2.54%) inpeoplewith
albuminuricnon-CKD,and23.20%(3.57%)
in those with albuminuric CKD (Table 2).

As shown in Fig. 1, the trend line and 95%
CIs for the mean slope of eGFR began to
fall when baseline UACR exceeded
;5.6 mg/mmol (50 mg/g) in those with
baselineeGFR,60mL/min/1.73m2.Those
with a baseline UACR .5.6 mg/mmol
(50mg/g) had a faster rate of eGFR decline
(more negative slope) than those with
baseline UACR,5.6 mg/mmol (50 mg/g).

During a median follow-up of 8.8
years, 324 (3.2%) people developed
ESKD, 1,812 (17.8%) people had
a MACE, and 1,940 (19%) died. Of the
1,940 deaths, 663 (34.2%) were attrib-
uted to cardiovascular causes. Crude
ESKD rates were lowest for nonalbumi-
nuric CKD and highest for albuminuric
CKD with a higher ESKD rate for albu-
minuric non-CKD than for no CKD, irre-
spective of eGFR subgroup. The results
were identical in the analysis using a
competing-risks model. In the adjusted
competing-risks model, compared with
the nonalbuminuric group with normal
eGFR (reference group), people with
nonalbuminuric CKD had similar risks

Table 2—Annual change in eGFR by baseline CKD status

CKD status N§

Absolute eGFR change (mL/min/1.73 m2/year)

Percentage eGFR change
(% per year)

Unadjusted eGFR
change

Adjusted eGFR
change

Difference in eGFR change
(95% CI)

No CKD*
eGFR ($120) 775 22.53 (2.93) 22.53 (2.78) 21.22 (21.50, 20.93) 21.76 (1.57)
eGFR (90–120) 2,684 21.28 (2.27) 21.31 (2.23) Reference 21.24 (1.82)
eGFR (60–90) 2,975 20.92 (1.95) 20.91 (1.91) 0.40 (0.26, 0.53) 21.15 (2.06)

Albuminuric non-CKD 2,814 22.65 (2.84) 22.51 (2.82) 21.20 (21.37, 21.02) 22.60 (2.54)

Albuminuric CKD 330 21.81 (2.13) 21.75 (2.17) 20.44 (20.74, 20.13) 23.20 (3.57)

Nonalbuminuric CKD 424 20.61 (1.33) 20.60 (1.28) 0.60 (0.51, 0.90) 21.10 (1.88)

Data are mean (SD) unless otherwise indicated. Adjusted for age, sex, race/ethnicity, duration of diabetes, smoking, history of CVD, baseline serum
lipid levels, baseline BMI, systolic blood pressure, glycated hemoglobin, and use of RAAS blockade. Baseline eGFR is not included in the covariate set,
as it is already present in joint longitudinal-survival model specification. §Number of people with more than two eGFR measurements including
baseline measurement. *eGFR in mL/min/1.73 m2.
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for developing ESKD (hazard ratio [HR]
0.76 [95% CI 0.34, 1.70]). In contrast, the
risk of ESKD was significantly increased
for the groups with albuminuria (albu-
minuric non-CKD and CKD; HR 1.72 [95%
CI 1.27, 2.34] and 4.52 [2.91, 7.01], re-
spectively) (Fig. 2).
Crude all-cause mortality and MACE

rates were lowest for people with

normoalbuminuria and normal eGFR,
highest for albuminuric CKD, and in-
termediate for people with no CKDwith
hyperfiltration and mildly decreased
eGFR, albuminuric non-CKD, and non-
albuminuric CKD. These patterns were
virtually identical in the Cox model
adjusted for multiple confounders
(Fig. 2).

CONCLUSIONS

The current study showed that people
with nonalbuminuric CKD have a slow
rate of eGFR decline, which is even slower
than in those with normal kidney func-
tion. This low rate of eGFR decline in
nonalbuminuric CKD is consistent with
our previous analysis of the CRIC (23) and
with a recent analysis of biopsy-proven
diabetic kidney disease in Japan (24).
However, neither of these other studies
included participants without any evi-
dence of kidney disease and were, there-
fore, not able to make direct comparisons
with our group of interest.

Our findings were consistent across
different analyses, taking into consider-
ation both eGFR time-series data and
times toESKDor censoring. Furthermore,
both the absolute rate of eGFR decline
and the annual percentage change in
eGFR demonstrated that kidney disease
in people with nonalbuminuric CKD pro-
gressed more slowly than in any other
group, including people with normal
kidney function. Similarly, Hoefield
et al. (25) showed that thosewith normal
albuminuria have a slow rate of eGFR
decline with 0.3% per year compared
with 5.7% in those with increased albumin-
uria. In contrast to our findings, MacIsaac
et al. (26) reported that both nonalbu-
minuric and albuminuric groups have
high rates of kidney disease progres-
sion with mean declines of eGFR at
24.6 mL/min/year and 23.0 mL/
min/year, respectively. However, it
should be noted that this study was
clinic-based and had a small sample size
(n 5 34), and the precise pattern
of eGFR trajectories could not be
ascertained.

Of note, we observed that the no CKD
with mildly decreased eGFR subgroup
had a slower rate of eGFR decline
than did people with normal kidney
function (no CKD with normal eGFR),
but not compared with those with non-
albuminuric CKD. In contrast, those with
no CKD with hyperfiltration showed a
faster decline in eGFR. This possibly
represents the resolution of hyper-
filtration, because, as shown in the
Supplementary Data, the median eGFR
remained within the normal range at
the end of the trial or entire study in
this subgroup.

Although the risk for rapid decline of
eGFR increasedwithworsening albumin-
uria, we observed that the relationship

Figure 1—Annual rate of change of eGFR according to baseline UACR, stratified by baseline eGFR.
People with baseline eGFR$60 mL/min/1.73 m2 (top) and,60 mL/min/1.73 m2 (bottom). The
trend line for the relationship is shown by themedian regressionwith restricted cubic splines. The
blue horizontal solid line indicates slow rate of progression. The red vertical dashed line is
the traditional UACR cut point for microalbuminuria (UACR5 3.4 mg/mmol [30 mg/g]); the black
vertical dashed line is the threshold for baselineUACR (UACR5 5.6mg/mmol [50mg/g]), atwhich
decline in eGFR began to speed up.
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was relatively flat up to baseline UACR of
5.6 mg/mmol (50 mg/g) and increased
progressively thereafter in the CKD group
(eGFR ,60 mL/min/1.73 m2). The base-
line UACR of 5.6 mg/mmol (50 mg/g) in
the current study is within the micro-
albuminuria range, and our data suggest
that individuals with a UACR ,5.6
mg/mmol (50 mg/g) have a comparatively
low risk for subsequent eGFR decline,
even if they have an eGFR ,60 mL/min/
1.73 m2. There is no easy explanation for
this observation other than the relatively
higher proportion of RAAS blockade us-
age, lower prevalence of smoking, and
CVD history in nonalbuminuric CKD com-
pared with the albuminuric CKD. In con-
trast to our findings, there are studies
that showed that very low levels of
albuminuria (,30 mg/24 h) are associ-
ated with increased risk of renal events
(5). As further evidence of the benign
renal course for people with nonalbumi-
nuric CKD, we also found their risk of

ESKD to be no greater than in those with
normal kidney function. In keeping with
the lower rate of decline of eGFR, the
point estimate of the HR suggested a
lower risk of ESKD thanamong thosewith
normal kidney function, although this
was not significant.

There are several possible explana-
tions for our findings. It is possible that
nonalbuminuric CKD mainly reflects an
age-related decline in renal function,
rather than a primary renal disease.
However, nonalbuminuric CKD has
been reported in both younger and older
individuals with diabetes (27,28). An-
other possibility is that the nonalbumi-
nuric CKD group is enriched with people
with who are super responders to RAAS
blockade, leading to normalization of
UACR and to low risk of kidney disease
progression. However, this is unlikely,
because within the nonalbuminuric
CKD group, eGFR decline was unrelated
to baseline use of RAAS blockade. This

is in keeping with our analysis of the
CRIC (11). Finally, it is possible that non-
albuminuric CKD identifies individuals
with as-yet-unidentified renoprotective
features, the elucidation of which
might further our understanding of
the progression of kidney disease in
diabetes.

Although risk for ESKD was very low in
people with nonalbuminuric CKD, re-
duced eGFR was still an important
marker for all-cause mortality and
MACE. This is consistent with a recent
European study that showed that re-
duced eGFR is a major prognostic factor
in all-cause mortality and MACE, irre-
spective of albuminuria in people with
type 2 diabetes (29,30).

The strengths of the current study are
the large sample size, long follow-up,
frequent serum creatinine sampling,
and advanced statistical methods. We
alsohave toacknowledgeour limitations.
Our study lacked complete follow-up

Figure 2—Risk of ESKD, all-cause mortality, or MACE by baseline CKD status. Crude rate and adjusted HRs (z) with 95% CIs (horizontal line) are shown
for ESKD, all-cause mortality, and MACE that occurred from the baseline until the end of the entire study. The diamonds represent the reference group.
*Death as competing risk. **Adjusted for age, sex, race/ethnicity, duration of diabetes, smoking, history of CVD, serum lipid levels, systolic
blood pressure, BMI, glycated hemoglobin, and use of RAAS blockade. eGFR in mL/min/1.73 m2.
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data on UACR. Thus, we were unable to
account for changing UACR during
the follow-up period. Also, the gen-
eralizabilityofourfindingsmaybe limited
to some extent, because the population
was drawn from a clinical trial. Neverthe-
less, ACCORD included a diverse group of
people with type 2 diabetes, and we
believe that our findings add significantly
to the understanding and phenotyping of
peoplewith nonalbuminuric CKD in type2
diabetes, confirming and extending our
previous findings.
Our study demonstrated that those

with nonalbuminuric CKD have a slower
rate of decline in eGFR than did any other
group, including those with normal renal
function, suggesting the presence of reno-
protective factors. However, these individ-
uals still carry a greater risk for all-cause
mortality and MACE than do those with
normal renal function. With increasingly
prevalent nonalbuminuric CKD in diabetes,
more studies are warranted to clarify its
underlying mechanisms or pathogenesis.
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