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OBJECTIVE

To assess the association between 2-year changes in urine albumin–to–creatinine

ratio (UACR) and the risk of clinical outcomes in type 2 diabetes.

RESEARCH DESIGN AND METHODS

We analyzed data from 8,766 participants in the Action in Diabetes and Vascular

Disease: Preterax and Diamicron MR Controlled Evaluation Post-Trial Observational

Study (ADVANCE-ON). Change in UACR was calculated from UACR measurements

2 years apart, classified into three groups: decrease in UACR of ‡30%,minor change,

and increase in UACR of ‡30%. By analyzing changes from baseline UACR groups,

categorized into thirds, we repeated these analyses accounting for regression to the

mean (RtM). The primary outcome was the composite of major macrovascular

events, renal events, and all-cause mortality; secondary outcomes were these com-

ponents. Cox regression models were used to estimate hazard ratios (HRs).

RESULTS

Over a median follow-up of 7.7 years, 2,191 primary outcomes were observed.

Increases in UACR over 2 years independently predicted a greater risk of the primary

outcome (HR for ‡30% UACR increase vs. minor change: 1.26; 95% CI 1.13–1.41),

whereas a decrease inUACRwas not significantly associatedwith lower risk (HR 0.93;

95% CI 0.83–1.04). However, after allowing for RtM, the effect of “real” decrease in

UACR on the primary outcome was found to be significant (HR 0.84; 95% CI 0.75–

0.94), whereas the estimated effect on an increase was unchanged.

CONCLUSIONS

Changes in UACR predicted changes in the risk of major clinical outcomes and mor-

tality in type 2 diabetes, supporting the prognostic utility of monitoring albuminuria

change over time.

Albuminuria is a strong predictive marker for adverse cardiovascular and renal out-

comes among patients with diabetes (1–3). Accordingly, albuminuria has an important

role in the stratification of risk for adverse outcomes in diabetes and has been in-

corporated in the definition and staging of chronic kidney disease (CKD), a widely

recognized microvascular complication of diabetes. However, there is ongoing contro-

versy as to whether changes in albuminuria accurately reflect changes in the risk of

adverse long-term outcomes (4,5). In other words, is albuminuria an appropriate

therapeutic target in clinical practice, and can it be used as a surrogate marker for

cardiovascular and renal outcomes in clinical trials?
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A number of recent studies have sug-

gested good correlation between early

changes in albuminuria and the subse-

quent risk of clinical outcomes in diabetes.

However, these studies have been gener-

ally small in size (e.g., 216 to 1,647 patients

[6–10]), had relatively short durations of

follow-up for outcomes (,3 years [11,12]),

or have been limited to evaluating the

association between albuminuria change

and subsequent long-term adverse kid-

ney outcomes without assessments for

cardiovascular disease, the primary cause

ofmorbidity andmortality among patients

with type 2 diabetes (12–15). In addition,

although some studies have shownpositive

linear associations between albuminuria

change and subsequent clinical outcomes

(11,13), a recent study in type 1 diabetes

found no association between albuminuria

remissionandsubsequent renal events (16).

No previous study has adequately inves-

tigated the role of regression to themean

in these associations.

Thus, based on data from the Action in

Diabetes and Vascular disease: Preterax

and Diamicron MMR Controlled Evalua-

tion (ADVANCE), a randomized controlled

trial in patients with type 2 diabetes and

its posttrial follow-up (ADVANCE Post-

Trial Observational Study [ADVANCE-

ON]), we evaluated the associations

among 2-year changes in urine albumin–

to–creatinine ratio (UACR) andmajor car-

diovascular events, major renal events,

and all-cause mortality.

RESEARCH DESIGN AND METHODS

Study Design and Population

ADVANCE was a 2 3 2 factorial random-

ized controlled trial evaluating the effects

of blood pressure (BP)–lowering and in-

tensive blood glucose–lowering treat-

ment on vascular outcomes in patients

with type 2 diabetes. A detailed descrip-

tion of the design has been published

previously (17–19). In brief, a total of

11,140 individuals with type 2 diabetes

aged$55 years at high risk of cardiovas-

cular eventswere recruited from215 cen-

ters in 20 countries. After a 6-week active

run-in period, participantswere randomly

assigned to either a fixed-dose combina-

tion of perindopril (4mg) and indapamide

(1.25mg) ormatching placebo and also to

either a gliclazide-based (modified release)

intensive glucose control regimen aiming

to achieve a hemoglobin A1c #6.5% or

standard glucose control based on local

guidelines. There were no inclusion or ex-

clusion criteria related to BP or glomeru-

lar filtration rate; however, the presence

of albuminuria was one of a number of

eligibility criteria for inclusion. The me-

dian durations of follow-up for the BP-

and glucose-lowering trial interventions

were 4.4 and 5.0 years, respectively.

The ADVANCE-ON study was a posttrial

follow-up study, comprising 8,494 of the

10,082 survivingparticipants at the endof

the randomized treatment phase (20).

The median total follow-up period (i.e.,

including both ADVANCE and ADVANCE-

ON) was 9.9 years. Approvals for the orig-

inal trial and the posttrial follow-up phase

were obtained from the institutional re-

view board of each center, and all partici-

pants provided written informed consent.

Participants with UACR measurements

at study registration and 2 years after ran-

domizationwere eligible for inclusion into

the current study. Patients with major

macrovascular or renal events or death

during thefirst 2 years, thosewithmissing

UACR values at study registration (at the

beginning of the 6-week run-in period

prior to randomization) or 2 years after

randomization, or those with missing co-

variate information were excluded.

Study Outcomes and Follow-up

The primary outcome for this study was

the composite of major macrovascular

events (defined as nonfatal and fatal

myocardial infarction, nonfatal and fatal

stroke, or other cardiovascular death),

major renal events (defined as require-

ment for chronic dialysis or kidney trans-

plantation or renal death), and all-cause

mortality. Secondary outcomes included

the individual components of the primary

outcome: 1) major macrovascular events,

2) major renal events, and 3) all-cause

mortality. Participants were followed

from their 2-year visit until the earliest

of the first study event, death, or the

end of follow-up (Supplementary Fig. 1).

Study events recorded during the random-

ized treatment phase were reviewed and

validated by an independent end point

adjudication committee. Outcomes occur-

ringduringposttrial follow-upwere reported

by the study centers using the standardized

definitions adopted during the trial, without

central adjudication (20).

Statistical Methods

UACR was measured (in micrograms per

milligram) at ADVANCE trial registration,

2 and 4 years after randomization, and at

the end of follow-up based on single-spot

urine samples taken at a random time of

day. We assessed change in UACR from

study registration (hereafter referred to

as the “first UACR”) to 2 years after ran-

domization. Change in UACR was defined

by grouping UACR as in previous reports

(6,15) as: decrease in UACR of $30%,

minor change in UACR (decrease of UACR

,30% to increase,30%), and increase in

UACR of$30%.We also assessed change

continuously based on fold changes in

UACR.

However, it is a fact of nature that

someonewhohas a high value at baseline

will tend to have a lower value on a sub-

sequent measurement and vice-versa:

so-called regression to the mean (RtM)

(21). To allow for this, we repeated our

categorical analyses, but only considered

anyone in the highest or middle thirds of

UACR at baseline whose value went up

by $30% or experienced minor change

for the highest third at 2 years to have a

“real” increase; that is, a residual increase

after accounting for RtM. Similarly, only

patients in the middle or lowest thirds

whose values went down by $30% or

who experienced minor change for the

lowest third were considered to have a

“real” residual decrease, over and above

RtM (Supplementary Fig. 2). We com-

puted the regression dilution coefficient

using the MacMahon-Peto method (21)

and evaluated the effect of the first ACR

on clinical outcomeswith andwithout use

of adjustment by this coefficient.

Continuous variables are reported as

means with SD for variables with approx-

imately symmetric distributions. UACR

and triglycerides values are presented as

median and interquartile interval (IQI) be-

cause of their skewed distributions and

were transformed into natural logarithms

before analysis. Linear trends across cat-

egories were tested by linear regression

analysis and logistic regression analysis,

as appropriate. Cox regression models

were used to estimate hazard ratios (HRs)

and their corresponding95%CIs for change

in UACR adjusting for age, sex, region (Asia

or other) of residence,ADVANCE trial treat-

ment allocation (BP and glucose-lowering),

baselineUACRdurationofdiabetes, history

ofmacrovascular disease, current smoking,

current alcohol consumption, BMI, hemo-

globin A1c, total cholesterol, triglyceride,

estimated glomerular filtration rate (eGFR;

calculated using the CKD-EPI creatinine
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equation [22] and grouped into KDIGO

eGFR categories [23]), systolic BP, and

percent 2-year changes in eGFR and systolic

BP.Weassessedcontinuouschange inUACR

using restricted cubic spline regressionmod-

els for a log-transformed fold change

of UACR with knots placed at 0.25-, 0.5-,

1- (stable UACR), 2-, and 4-fold change.

We explored potential modification of

the association between change in UACR

and major macrovascular events accord-

ing to subsets of participants grouped by

sex, age, region of residence (Asia vs. Eastern

Europe, or Established Market Economies),

duration of diabetes, age at completion

of education, baseline history of cardiovas-

cular disease, ADVANCE randomized

treatment allocation, UACR (,30, 30–300,

or.300mg/mg), systolic BP (,120, 120–

140, or .140 mmHg), and eGFR (,60

or$60 mL/min/1.73 m2) levels. We con-

ducted sensitivity analysis in which we

repeated the assessment of the associa-

tion between overall categorical UACR

change and outcomes after imputing

missing UACR (n = 1,496 patients) and

covariate (n = 227 patients) values for

1,723 patients.

Statistical analyseswereperformedwith

SAS 7.11 (SAS Institute, Cary, NC) and Stata

software (release 13; StataCorp, College

Station, TX). A two-sided P value,0.05

was considered statistically significant.

RESULTS

Patient Characteristics

Of the11,140participants in theADVANCE

trial, 8,766 participants (78.7%) who were

followed in ADVANCE-ON were eligible

for inclusion in the present analysis. The

meanage of the cohortwas 66 years (SD 6),

43%were female, and themean duration

of diabetes was 7.8 years at baseline

(SD 6.3) (Table 1).

Changes in UACR

Among patients with UACR ,30 mg/mg

at the time of the first UACR measure-

ment (n = 6,194), 24% (n = 1,485) and

47.3% (n = 2,928) experienced a de-

crease in UACR$30% and an increase in

UACR, respectively. Overall, in those with

UACR,30mg/mg, UACR levels increased

by a median of 1.8 mg/mg (IQI 22.7 to

9.7 mg/mg) over the initial 2-year period.

Conversely, in patients with UACR levels

30–300 mg/mg (n = 2,285), 55.3% (n =

1,263), and 24.3% (n = 555) experienced a

decrease in UACR$30% and an increase

in UACR, respectively. Overall, in those with

UACR levels 30–300 mg/mg, UACR levels

decreased by a median of 221 mg/mg

(interquartile range 253 to 18 mg/mg).

Finally, among patients with UACR .300

mg/mg (n = 287), 74.2% (n = 213) and

8.7% (n = 25) experienced a decrease in

UACR $30% and an increase in UACR,

respectively, with an overall decrease

of 2315 (IQI 2471 to2121). Overall, at

the 2-year follow-up, 33.8% (2,961/8,766)

experienced a UACR decrease of $30%,

26.2% (2,297/8,766) experienced minor

change, and 40.0% (3,508/8,766) experi-

enced an increase in UACR of$30%.

Clinical Events During Follow-up

During a median 9.7 years (IQI 5.9–10.8)

follow-up after the first UACR was mea-

sured, higher levels of baseline UACR

were, as expected, associated with an in-

creased risk of the primary composite

outcome, as well as its individual compo-

nents (Supplementary Fig. 3).

During a median 7.7 years (IQI 3.9–8.8)

following the 2-year period in which

change in UACR was measured, 2,191 pa-

tients (25.0%) developed the primary

composite outcome (1,457 events during

ADVANCE-ON). There were 1,392 major

macrovascular events (15.9%), 108 major

renal events (1.2%), and 1,416 deaths

(16.1%). The annual event rates were

2.4, 0.2, and 2.3%, respectively.

Overall, we observed a strong positive

linear association between change in

UACR and the risk of the primary and

secondary outcomes (Figs. 1A and 2).

Compared with patients who experi-

enced a minor change in UACR (,30%

up or down), the risk of the primary out-

come was significantly higher among

those with an increase in UACR of $30%

(HR 1.26; 95% CI 1.13–1.41), whereas a

decrease in UACR was not significantly

associatedwith a lower risk of the compos-

ite outcome (HR 0.93; 95% CI 0.83–1.04).

An increase in UACR was significantly

associated with a 20% (95% CI 5–38),

67% (95% CI 2–273), and 40% (95% CI 22–

60) higher risk of major macrovascular

events, major renal events, andall-cause

mortality, respectively, compared with

minor change (Fig. 1A). Assessment of

the relationship between fold changes

in UACR and the risk of study outcomes

showed similar linear associations for

the primary outcome, as well as the sec-

ondary outcomes of major macrovascular

and renal events, although statistical

significance was not reached for compari-

sonswith decreasing UACR (Fig. 2). For the

outcome of all-cause mortality, whereas

an increase in UACR was predictive of

higher risk, the association was flat for

decreasing UACR.

RtM

As expected, therewas strong evidence of

RtM (Supplementary Fig. 4): the regres-

sion dilution coefficient was 2.01. Every

one-SD increase in baseline UACR was

associated with a 21% higher risk of the

primary outcome (95% CI 17–25) and cor-

rection for regression dilution increased

this estimate to 46% (95% CI 36–57)

(Supplementary Fig. 2). After accounting

for RtM, the effects of a decrease in UACR

weregreater, but the effects of an increase

were similar (Fig. 1B). A decrease in UACR

beyond RtM was associated with a signif-

icantly lower risk of the primary outcome

(HR 0.84; 95% CI 0.75–0.94) and also ma-

jor macrovascular events (HR 0.84; 95%

CI 0.73–0.97) and all-cause mortality (HR

0.81; 95% CI 0.70–0.93).

Subgroup and Sensitivity Analysis

Subgroup analyses by baseline levels of

UACR showed similar associations across

the clinical outcomes assessed (Fig. 3).

Additional analysis by eGFR and systolic

BP (Supplementary Fig. 5), sex, age, re-

gion of residence, duration of diabetes,

age at completion of education, history

of cardiovascular disease, and random-

ized treatment allocation (BP- and glucose-

lowering) (Supplementary Fig. 6) showed

similar positive linear associationsbetween

UACR change and major macrovascular

events across all assessed patient groups

(p for heterogeneity 0.19–0.98). Results

remained unchanged when missing UACR

and covariates values were imputed for

those excluded in the primary analysis

(Supplementary Fig. 7).

CONCLUSIONS

In a cohort of 8,766 patients with type 2

diabetes, we observed an overall positive

linear association between 2-year changes

in UACR and the future risk of major clin-

ical outcomes. Increases in UACR over

2 years were independently predictive of

greater adverse cardiovascular and renal

outcomes as well as all-cause mortality,

although decreased UACR did not signifi-

cantly predict lower risk of clinical out-

comes. However, after accounting for

RtM, associations between decreases in
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UACR and study outcomes were much

stronger and reached significance for all

outcomes but major renal events. Overall

findings were consistently observed

across various patient subgroups includ-

ing those defined by baseline UACR, kid-

ney function, and systolic BP. Our results

suggest that clinicallymeaningful changes

in UACR, up or down, may translate to

corresponding changes in the risk of

future major clinical outcomes and death

in people with type 2 diabetes.

Cardiovascular disease remains the

leading cause of morbidity and mortality

in type 2 diabetes (24), whereas diabetes

is the primary cause of end-stage kidney

disease (ESKD) (25,26), a condition that

places a heavy burden on patients as

well as health care systems. As such, im-

proved strategies for the prevention and/or

delay of cardiovascular and kidney dis-

ease in diabetes are needed. Albuminuria

has been proposed as a potentially useful

therapeutic target and surrogate for long-

term risk of clinical outcomes based on:

1) evidence showing a strong, graded as-

sociation between baseline levels of al-

buminuria and cardiovascular and renal

outcomes (27,28), 2) the early time point

at which it frequently occurs on the spec-

trum of disease progression, and 3) the

simple and inexpensive nature of its mea-

surement in routine clinical practice.

There are also plausible pathophysiologic

processes that explain the underlying re-

lationship between albuminuria and car-

diovascular and renal events including

dysfunction of the vascular endothelium

(29,30) and chronic, low-grade inflamma-

tion. However, although the link between

albuminuria and cardiovascular disease

has been well reported (2,27), data on

Table 1—Characteristics of study participants

Study

registration

(baseline)

UACR change over 2 years

Decrease in

UACR$30%

Minor change in UACR

(decrease ,30% to

increase,30%)

Increase in

UACR $30%

P value

for trend

Number of participants 8,766 2,961 2,297 3,508 d

Demographic factors

Age (years) 66 (6) 66 (6) 66 (6) 66 (6) 0.50

Female [n (%)] 3,730 (43) 1,235 (42) 961 (42) 1,534 (44) 0.10

Residence in Asia [n (%)] 3,522 (40) 1,230 (42) 928 (40) 1,364 (39) 0.03

Medical and lifestyle history

Duration of diabetes (years) 7.8 (6.3) 7.9 (6.3) 7.5 (6.1) 7.9 (6.4) 0.57

History of macrovascular disease at baseline [n (%)] 2,703 (31) 900 (30) 681 (30) 1,122 (32) 0.15

Current smoking [n (%)] 1,288 (15) 418 (14) 341 (15) 529 (15) 0.28

Current alcohol drinking [n (%)] 2,596 (30) 875 (30) 712 (31) 1,009 (29) 0.44

Risk factors

SBP (mmHg) 145 (21) 146 (22) 144 (21) 144 (21) ,0.001

DBP (mmHg) 81 (11) 81 (11) 80 (11) 80 (11) ,0.001

Heart rate (bpm) 74 (12) 75 (12) 74 (12) 74 (12) 0.02

Hemoglobin A1c (%) 7.48 (1.54) 7.51 (1.56) 7.47 (1.51) 7.46 (1.52) 0.15

Hemoglobin A1c (mmol/mol) 58.2 (16.8) 58.6 (17.1) 58.1 (16.5) 58.0 (16.7) d

Total cholesterol (mmol/L) 5.2 (1.2) 5.2 (1.2) 5.2 (1.2) 5.2 (1.2) 0.07

Triglycerides* (mmol/L) 1.6 (1.2–2.3) 1.7 (1.2–2.4) 1.6 (1.2–2.3) 1.6 (1.2–2.3) 0.17

BMI (kg/m
2
) 28.2 (5.2) 28.3 (5.3) 28.1 (5.1) 28.2 (5.2) 0.32

Randomized treatments [n (%)]

Perindopril-indapamide 4,356 (50) 1,641 (55) 1,132 (49) 1,583 (45) ,0.001

Intensive blood glucose control 4,458 (51) 1,581 (53) 1,162 (51) 1,715 (49) 0.001

Blood glucose–lowering treatments [n (%)]

Oral hypoglycemic agents^ 7,954 (91) 2,695 (91) 2,067 (90) 3,192 (91) 0.98

Insulin 125 (1) 46 (2) 29 (1) 50 (1) 0.69

BP-lowering treatments [n (%)]

b-Blocker 2,112 (24) 666 (22) 540 (24) 906 (26) 0.002

Calcium-channel blocker 2,666 (30) 957 (32) 635 (28) 1,074 (31) 0.18

Diuretics† 2,014 (23) 637 (22) 500 (22) 877 (25) ,0.001

ACE inhibitors† 3,706 (42) 1,194 (40) 960 (42) 1,552 (44) 0.001

Angiotensin II receptor blockers 441 (5) 158 (5) 114 (5) 169 (5) 0.35

Other antihypertensive agents 1,088 (12) 373 (13) 278 (12) 437 (12) 0.88

Any BP-lowering agents† 6,522 (74) 2,223 (75) 1,653 (72) 2,646 (75) 0.65

Changes in risk factors

First UACR* (mg/mg) 14.1 (7.1–37.1) 29.8 (14.1–79.6) 12.2 (7.1–26.5) 8.8 (4.4–19.4) ,0.001

Second UACR* (mg/mg) d 8.8 (4.4–19.4) 12.0 (6.9–26.5) 26.4 (11.6–72.5) ,0.001

First eGFR (mL/min/1.73 m
2
) 75 (17) 76 (18) 76 (17) 75 (17) 0.09

Second eGFR (mL/min/1.73 m2) d 72 (18) 72 (18) 72 (17) 0.79

First SBP (mmHg) 145 (21) 146 (22) 144 (21) 144 (21) ,0.001

Second SBP (mmHg) d 136 (18) 137 (18) 139 (19) ,0.001

Mean values and their corresponding SDs are presented for continuous variables unless otherwise noted. Categorical variables are presented as numbers

and percentages [n (%)]. DBP, diastolic BP; SBP, systolic BP. *Median values (IQI) are presented for triglycerides and UACR. ^Randomized treatment with

gliclazide was not included. †Randomized treatment with perindopril-indapamide was not included.
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the predictive ability of UACR change for

cardiovascular outcomes have been lim-

ited and conflicting. In particular, although

there is accumulating evidence to sup-

port thepredictive valueofUACR increase

in determining future risk, whether UACR

reduction subsequently translates to

lower risk of clinical outcomes remains

less certain (4). For example, a recent

study in type 1 diabetes showed that

althoughprogression tomacroalbuminuria

was associated with higher risk of cardio-

vascular events (HR 2.65; 95% CI 1.68–

4.19) compared with normoalbuminuria,

remittedmicroalbuminuriawas also asso-

ciated with an increased cardiovascular

risk (HR 2.62; 95% CI 1.68–4.07) (16). In

contrast, in an analysis of two prospective

trials (ONgoing Telmisartan Alone and in

combination with Ramipril Global End-

point Trial [ONTARGET] and theTelmisartan

Randomized AssessmeNt Study in ACE

iNtolerant subjects with cardiovascular

Disease [TRANSCEND]), $50% decline

and $100% increase in albuminuria

over 2 years compared with those who

experienced minor change was subse-

quently associated with lower (HR 0.85;

95% CI 0.76–0.95) and higher (HR 1.38;

95% CI 1.26–1.51) cardiovascular risk,

respectively (11).

In our study, although we observed an

overall positive linear trend between

change in UACR and clinical outcomes,

the association was generally flat for

UACR decrease. However, our results

accounting for UACR decrease beyond

levels attributed to RtM showed that de-

creases in UACR significantly predicted a

lower risk of the primary outcome and

major macrovascular events. It seems

likely that natural variation in UACR

has led to an underestimation of the as-

sociation between UACR change and clinical

outcomes inour study. Toourknowledge, no

previous study has accounted for RtM com-

prehensively, and this may explain some sit-

uations inwhich decreases inUACRhave not

led to decreases in event rates (16).

In addition to cardiovascular events,

there has been particular interest in the

utility of albuminuria change as a surro-

gate for ESKD in high-risk groups including

those with diabetic nephropathy, given

the often slowly progressing nature of

CKD, which leads to practical challenges

in the development of novel manage-

ment strategies. Indeed, compared with

other fields of internal medicine, nephrol-

ogy has the lowest number of interven-

tional studies testing potential therapies

(31). Surrogates that reliably predict clin-

ically meaningful long-term outcomes

Figure 1—Adjusted HRs and 95% CIs for study outcomes according to categorical change in UACR, before and after adjustment for RtM. A: Adjustments

were for age, sex, region of residence, duration of diabetes, history of macrovascular diseases, smoking habit, drinking habit, BMI, hemoglobin A1c, total

cholesterol, log-transformed triglycerides, eGFR, systolic BP, log-transformed baseline UACR, change in systolic BP, change in eGFR, and ADVANCE trial

treatment allocations (randomizedBP lowering and glucose control).B: Adjustmentswere for age, sex, region of residence, durationof diabetes, history of

macrovascular diseases, smoking habit, drinking habit, BMI, hemoglobin A1c, total cholesterol, log-transformed triglycerides, eGFR, systolic BP, change in

systolic BP, change in eGFR, and ADVANCE trial treatment allocations (randomized BP lowering and glucose control).
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(e.g., ESKD) could be used in such settings

to reduce the need for lengthy follow-up

and large sample sizes in planning new

studies. Although a significant association

between UACR decline and lower risk of

major renal events was not observed

(possibly because of the relatively low

ESKD event rate of 0.2% per year), our

results showing a positive linear relation-

ship between change in UACR and sub-

sequent ESKD are largely consistent with

two recent studies. A cohort study (n =

19,897 [13]) based on data on health

care users in Stockholm, Sweden, showed

that $4-fold decreases and $4-fold in-

creases in UACR were associated with

lower (HR 0.34; 95% CI 0.26–0.45) and

higher (HR 3.08; 95% CI 2.59–3.67) ESKD

risk, respectively, when compared with

stable levels of UACR. Similarly, in the

ONTARGET/TRANSCEND-based study,

$50% decline and$100% increase in al-

buminuria compared with those who

experienced minor change were subse-

quently associated with a 27% decrease

and a 40% increase in ESKD risk, respec-

tively (11). Taken together, our results add

to a growing list of observational studies

that suggest that an increase in albumin-

uria may be an effective surrogate for risk

of ESKD.

The strengths of our study include:1) the

assessment of the relationship between

change in UACR and clinically important

outcomes based onmultiple approaches

including one accounting for RtM, 2)

the large and diverse participant popula-

tion (including Asia [40%], Australasia

[14%], Europe [43%], and North America

[3%]) derived from an international, mul-

ticenter randomized trial, and 3) the long

follow-up period that included the 5-year

posttrial phase. Our study, however, has

limitations. First, our calculation of the

percent change in UACR was based on

two UACR measurements at baseline

and 2 years after the initial measure-

ment (using single recordings at each

time point). UACR measurements are as-

sociated with substantial within-person

variability, and although our analyses of

UACR change as a continuous variable

showed consistent overall results, the

possibility for misclassification of UACR

change remains (32). We acknowledge

the possibility that the use of multiple

UACR measurements at each time in-

terval might have reduced misclassifica-

tion of the magnitude of UACR change.

However, the consistency of our study

methodology (pertaining to the frequency

of UACR measurement and quantification

of its change) andoverall study conclusions

Figure 2—Adjusted HRs and 95% CIs for study outcomes associated with 2-year fold changes in UACR. Adjustments as for Fig. 1A. A: Composite of major

macrovascular and renal events and all-causemortality. B:Majormacrovascular events. C: Major renal events.D: All-causemortality. The circles represent

the points at which knots were placed (0.25-, 0.5-, 1-, 2-, and 4-fold change). The areas shaded in grey represent the 95% CIs.
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compared with prior studies (8,11) as-

sessing the relationship between UACR

change and clinical outcomes supports

the robustness of our study findings. Sec-

ond, although we have sought to explore

the impact of RtM in our overall findings,

our grouping of patients to define resid-

ual UACR decrease and increase is arbi-

trary and suggests the need for further

research. Third, our study cohort was de-

rived from a randomized trial of patients

with type 2 diabetes, and therefore, the

results have limited generalizability to

broader populations. Fourth, only 84%

of the participants alive at the end of

ADVANCE were enrolled in the posttrial

follow-up (ADVANCE-ON). However, pa-

tient baseline characteristics of those in-

cluded in ADVANCE-ON were similar to

those of the entire trial population (20).

Fifth, the ESKD event rate in ADVANCE/

ADVANCE-ONwas relatively low (0.2%per

year) compared with prior studies that

have included people with diabetes (0.7–

6.6% per year [11,33,34]), which may ex-

plain the lack of a significant association

between UACR decline and lower risk of

major renal events. Finally, despite our

best efforts to adjust for clinically relevant

characteristics, because of the nature of

observational study design, the possibility

of residual confounding remains.

In conclusion, 2-year changes in UACR

were linearly associated in a positive fashion

with the risk of study outcomes, including

major clinical outcomes aswell as all-cause

mortality. Our results suggest that change

in UACR may have important prognostic

utility as a surrogate for clinically important

outcomes in type 2 diabetes.
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integrity of the data and the accuracy of the data

analysis.
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