
ardiology 35 (2019) 77e91
Canadian Journal of C
Systematic Review/Meta-analysis

Change in Proteinuria or Albuminuria as a Surrogate for
Cardiovascular and Other Major Clinical Outcomes: A

Systematic Review and Meta-analysis
Tyrone G. Harrison, MD,a,b Helen Tam-Tham, PhD,a,b Brenda R. Hemmelgarn, MD, PhD,a,b,c,d

Meghan Elliott, MD, MSc,a,b Matthew T. James, MD, PhD,a,b,c,d Paul E. Ronksley, PhD,b and

Min Jun, PhDa,e

aDepartment of Medicine, University of Calgary, Calgary, Alberta, Canada
bDepartment of Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, Alberta, Canada

cO’Brien Institute for Public Health, Cumming School of Medicine, University of Calgary, Calgary, Alberta, Canada
dLibin Cardiovascular Institute of Alberta, Cumming School of Medicine, University of Calgary, Calgary, Alberta, Canada

eThe George Institute for Global Health, University of New South Wales, Sydney, Australia
ABSTRACT
Background: There is ongoing controversy around the surrogacy of
proteinuria or albuminuria, particularly for cardiovascular (CV) out-
comes, which remain the leading cause of morbidity and mortality
among patients with chronic kidney disease. We performed a
systematic review and meta-analysis of the literature to assess the
surrogacy of changing proteinuria or albuminuria for CV events, end-
stage renal disease (ESRD), and all-cause mortality.
Methods: CENTRAL, EMBASE, and MEDLINE were searched (from
inception to October 2017). All randomized controlled trials in adults
that reported change in proteinuria or albuminuria and � 10 CV, ESRD,
or all-cause mortality events were included. We calculated treatment
effect ratios (TERs), defined as the ratio of the treatment effect on a
clinical outcome and the effect on the change in the surrogate
outcome. TERs close to 1 indicate greater agreement between the
clinical outcome and changing proteinuria or albuminuria.
Results: Thirty-six trials were included in the meta-analysis. We
observed inconsistent treatment effects for proteinuria and CV events
(20 trials; TER 1.11 [95% confidence interval (CI), 1.01-1.22]) with
moderate heterogeneity (I2 ¼ 51%, P ¼ 0.005). Treatment effects on
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R�ESUM�E
Contexte : La question de savoir si la prot�einurie et l’albuminurie sont
des paramètres de substitution acceptables, en particulier pour les
manifestations cardiovasculaires, qui demeurent la cause première de
morbidit�e chez les patients atteints de n�ephropathie chronique, fait
l’objet d’une controverse qui perdure. Nous avons r�ealis�e une
recension syst�ematique et une m�eta-analyse de la litt�erature afin de
d�eterminer si la variation de la prot�einurie ou de l’albuminurie pouvait
être utilis�ee comme paramètre d’�evaluation à la place des manifes-
tations cardiovasculaires, de l’insuffisance r�enale terminale (IRT) et de
la mortalit�e toutes causes confondues.
M�ethodes : Une recherche a �et�e effectu�ee dans les bases de donn�ees
CENTRAL, EMBASE, et MEDLINE (de leur date de cr�eation à octobre
2017). Tous les essais cliniques randomis�es et contrôl�es men�es chez
l’adulte et rapportant la variation de la prot�einurie ou de l’albuminurie
ainsi qu’au moins 10 manifestations cardiovasculaires, l’IRT ou la
mortalit�e toutes causes confondues ont �et�e incluses. Nous avons
calcul�e le rapport des effets du traitement (RET), d�efini comme �etant
le rapport de l’effet du traitement sur un paramètre clinique et de
l’effet sur la variation du paramètre de substitution. Plus la valeur du
Chronic kidney disease (CKD) is common, with global therapies, interventions to slow CKD progression is a world-

prevalence estimates ranging between 8% and 16%, and is
associated with an increased risk of cardiovascular (CV)
morbidity and mortality.1-3 Because of the high costs associ-
ated with treatment of advanced CKD and renal replacement
wide focus.4 However, clinical end points used to test current
and potential therapeutic strategies often require long periods
of follow-up, which present major challenges in the design
and conduct of such studies.

The search for surrogates for long-term clinical outcomes
including CV events and end-stage renal disease (ESRD) has
thus been a focus in CKD research.5-7 Identification of these
surrogates might allow for more efficient trials, potentially
leading to increased strategies for effective risk reduction
among individuals with CKD.6,8 In large clinical cohorts,
albuminuria grade, independent of estimated glomerular
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proteinuria or albuminuria were also inconsistent with the effects on
all-cause mortality (21 trials; TER 1.17 [95% CI, 1.07-1.28]; I2 ¼ 35%,
P for heterogeneity ¼ 0.06), although they were similar with the ef-
fects on ESRD (23 trials; TER 0.99 [95% CI, 0.88-1.13]; I2 ¼ 9%, P for
heterogeneity ¼ 0.337).
Conclusions: Change in proteinuria or albuminuria might be a suitable
surrogate outcome for ESRD. However, overall treatment effects on
these potential surrogates are inconsistent and overestimate the
treatment effects on CV events and all-cause mortality.

RET se rapproche de 1, plus forte est la concordance entre le r�esultat
clinique et la variation de la prot�einurie ou de l’albuminurie.
R�esultats : Trente-six essais cliniques ont �et�e inclus dans la m�eta-
analyse. Nous avons observ�e une absence de concordance des effets
du traitement entre la prot�einurie et les manifestations cardiovascu-
laires (20 �etudes; RET 1,11 [intervalle de confiance (IC) à 95 %, 1,01-
1,22],) et une h�et�erog�en�eit�e mod�er�ee (I2 ¼ 51 %, p ¼ 0,005). Les
effets du traitement sur la prot�einurie ou l’albuminurie ne con-
cordaient pas non plus avec les effets sur la mortalit�e toutes causes
confondues (21 �etudes; RET 1,17 [IC à 95 %, 1,07-1,28]; I2 ¼ 35 %, p
pour l’h�et�erog�en�eit�e ¼ 0,06), mais concordaient avec ceux sur l’IRT
(23 �etudes; RET 0,99 [IC à 95 %, 0,88-1,13]; I2 ¼ 9 %, p pour
l’h�et�erog�en�eit�e ¼ 0,337).
Conclusions : La variation de la prot�einurie ou de l’albuminurie
pourrait être un paramètre de substitution de l’IRT appropri�e. Toute-
fois, les effets globaux du traitement sur ces paramètres de substitu-
tion potentiels ne sont pas concordants et les effets du traitement sur
les manifestations cardiovasculaires et la mortalit�e toutes causes
confondues sont surestim�es.
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filtration rate (eGFR), has been shown to be associated with
progression to ESRD, CV events, and death.9 Although
change in albuminuria or proteinuria has been investigated as
a potential surrogate outcome for ESRD in several meta-an-
alyses,6,7,10 trials reporting on the relationship between the
change in proteinuria or albuminuria and subsequent CV
events, the leading cause of morbidity and mortality among
people with CKD, have been limited.5-7

Among adults, the validity of proteinuria and albuminuria
change as a surrogate outcome for clinical outcomes is unclear
and requires further exploration. With this in mind, in this
systematic review and meta-analysis we assessed the associa-
tion between change in proteinuria and albuminuria and
adverse clinical outcomes including CV events, progression to
ESRD, and all-cause mortality. Additionally, we examined the
participant characteristics, interventions, and study charac-
teristics that influenced the agreement between change of
these potential surrogates and the clinical outcomes.
Methods

Data search strategy

We conducted this systematic review using a prespecified
study protocol in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement for the conduct of meta-analyses of peer-reviewed
and published randomized controlled trials (RCTs).11 We
searched 3 major electronic databases including MEDLINE
via Ovid (1946 through October 2017), EMBASE (1980
through October 2017), and the Cochrane Central Register of
Controlled Trials (CENTRAL, no date restrictions) using
medical subject headings and text words that included “pro-
teinuria,” “albuminuria,” “cardiovascular disease,” “renal
replacement therapy,” “end-stage kidney disease,” and “all-
cause mortality” (Supplemental Table S1). Manual searching
of reference lists from trials that met our inclusion criteria was
performed to identify other relevant trials. We limited the
search to RCTs but without restrictions on the type of
intervention or language.
Study selection, data extraction, and quality assessment

Two authors (T.G.H. and H.T.-T.) independently screened
the titles and abstracts. A third reviewer (M.J.) resolved any
disagreement on the selection of trials. All completed RCTs,
irrespective of intervention or comparator, conducted in adults
(age � 18 years) and reporting the outcome of change in
proteinuria or albuminuria and any 1 of the following clinical
outcomes were eligible for inclusion: ESRD (defined as the
need for chronic dialysis, renal transplantation, or as defined by
the authors), CV events (defined as fatal or nonfatal myocardial
infarction, fatal or nonfatal stroke, or as defined by authors), or
all-cause mortality. Trials had to have had at least 10 events to
be eligible for inclusion. Trials that investigated patients with
acute kidney injury, kidney transplantation, or incident ESRD
were excluded. Published reports for each trial were obtained
and selected information extracted. We collected data on
change in proteinuria or albuminuria (from baseline to end of
study; 24-hour proteinuria, urine albumin-to-creatinine ratio
[UACR], urine protein-to-creatinine ratio [UPCR]; absolute
and proportional; or as defined by authors), CV events (as
defined by the authors), ESRD, and all-cause mortality.

Two authors (T.G.H. and H.T.-T.) independently
extracted data on study characteristics, details of the inter-
vention and comparator groups, and outcomes using a stan-
dard data extraction form that was piloted with several trials. A
third reviewer (M.J.) cross-checked the data to ensure
accuracy. In accordance with Cochrane Collaboration rec-
ommendations,12 we investigated risk of bias by assessing for
selection bias, performance bias, and detection bias, in
addition to determining whether the study performed an
intention to treat analysis. Additionally, publication bias was
assessed with the Egger test.13 Where publication bias was
identified as being significant, the “trim and fill” method14

was used to account for this.

Data synthesis and analyses

We assessed the association between change in proteinuria
or albuminuria (from baseline to a study-defined time point)
and subsequent clinical outcomes. For trials that reported



MEDLINE (n = 2889) 
EMBASE  (n = 1873)
Cochrane CENTRAL  

Duplicates (n = 898)

Abstract review (n = 4328)

Full ar�cle review (n = 178)

36 trials 

Not original inves�ga�on (eg, review, editorial, commentary) (n = 389)

Duplicate (n = 6)

Not able to obtain further informa�on (n = 16)

Database searches (total n = 5226)

(n = 464)

Study reports albuminuria data but no clinical outcomes or vice-versa (n = 917)

4150 excluded

142 excluded

Study in renal transplanta�on (n = 3)

Not able to obtain further informa�on (n = 26)

Other publica�on from same trial (n = 3)

No relevant outcomes (n = 1460)
Not in humans or relevant popula�on (n = 19)
Study in pediatric pa�ents (n = 249)

Study in acute kidney injury, pregnant women, or kidney transplanta�on (n = 480)

No relevant outcomes (n = 84)

< 10 hard clinical events reported ( n = 25)

Other publica�on from same trial (n = 454)
< 10 hard clinical events reported (n = 85)

Not a randomized controlled trial (n = 75)

Included pediatric pa�ents (n = 1)

Figure 1. Identification of included randomized controlled trials.
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categorical measures of proteinuria or albuminuria change,
relative risks and corresponding 95% confidence intervals
(CIs)15 were calculated for each study before data pooling. In
calculating the relative risk estimates we used total number of
patients randomized in each group as the corresponding de-
nominator. When continuous scales of measurement were
used to assess the effects of treatment on proteinuria or
albuminuria, we calculated weighted mean differences using
end-of-trial mean values, their corresponding SDs, and
treatment arm size. Where standard errors were provided, we
calculated SDs on the basis of these values and the number of
participants. To standardize quantification of urine albumin
and protein excretion, measures were converted to 24-hour
urine protein excretion for comparison using standardized
conversion factors as per Kidney Disease Improving Global
Outcomes guidelines and recent studies.4,6,10

To assess the association between change in proteinuria or
albuminuria and clinical outcomes across the diverse group of
trial interventions, we calculated the treatment effect ratio
(TER) derived from baseline and end-of-trial urine protein or
albumin results and the trial treatment effect on clinical out-
comes, as per our previous study.6 The use of TERs was on the
basis of the rationale that the treatment effect on the surrogate
would be proportional to that of the treatment effect on the risk
of the clinical outcome. This is also part of the Prentice and
Freedman criteria for validation of surrogate outcomes.16,17

TERs close to 1 suggest greater agreement between the clin-
ical outcome and change in proteinuria or albuminuria (the
potential surrogate outcome). TERs > 1 suggest that change in
proteinuria or albuminuria overestimates the change in clinical
outcome, whereas TERs < 1 suggest that change in proteinuria
or albuminuria underestimates the effect on clinical outcome.
Data were pooled using a DerSimonian and Laird random
effects model. Heterogeneity was assessed through the calcu-
lation of I2 values and Cochran Q statistic. We conducted a
number of prespecified stratified analyses to explore potential
sources of heterogeneity for the 3 clinical outcomes of interest.
For the ESRD and all-cause mortality outcomes, this included
stratification of trials according to publication year, number of
patients, median age, baseline eGFR, percentage of male par-
ticipants, systolic blood pressure, and intervention types. For
the CV event outcome, stratification according to publication
year, number of patients, median age, baseline eGFR, per-
centage of male participants, systolic blood pressure, interven-
tion types, CV event definitions, proportion of diabetic
participants (2.5%-36.7% vs 100% [trial in diabetes]), baseline
proteinuria (< 20 vs � 20 mg/d), type of proteinuria mea-
surement (UACR vs urine protein or albumin excretion), and
follow-up duration (< 4 vs � 4 years) were performed. Sta-
tistical analyses were performed with Stata software, version 9.2
(Stata Corp, College Station, TX).
Results

Search results and characteristics of included RCTs

After exclusion of duplicates, we identified 4328 articles for
abstract review (Fig. 1), with 178 articles selected for full-text



Table 1. Baseline characteristics of the included trials

Intervention
details/study Inclusion criteria Intervention Control arm

Follow up,
mean
years

Study
size, n

Mean
age,
years

Male
sex, %

Mean
baseline eGFR,
mL/min/1.73 m2

Baseline urine
protein/albumin
(measurement

type)

Number
of CV
events

Number
of ESRD
events

Number
of deaths

BP-lowering
Zucchelli et al.21 Adults with CKD (SCr

1.8-5.0 mg/dL),
HTN

Captopril Nifedipine 3.0 121 55.0 57.9 30.5 10.0 g/d (UPE) NR 21 1

Hannedouche et al.22 HTN, adults with
CKD (SCr 200-400
mmol/L)

Enalapril b-Blocker 3.0 100 51.0 53.0 NR 2.85 g/d (UPE);
data available for
47 patients

NR 27 3

UKPDS 3923 HTN, adults with
T2DM

Captopril Atenolol 8.4 758 56.1 54.1 NR Categorical
albuminuria

107 8 134

GISEN-REIN-
Stratum 124

Normotensive and
hypertensive adults
with eGFR 20-70
mL/min/1.73 m2,
> 1 g/d of
proteinuria not
receiving an ACEi

Ramipril Placebo 2.7 186 49.7 74.7 46.6 1.7 g/d (UPE) 6 27 1

ABCD37 40-74 years; T2DM;
dBP > 90mmHg off
of medications

Intensive (dBP < 75
mm Hg) target

Moderate (dBP
80-89 mm Hg)

target

5.3 470 57.9 67.4 84.3 331.7 mg/d (UAE) NR NR 38

IRMA-234 T2DM with
hypertension, aged
30-70 years, with
persistent
microalbuminuria

Irbesartan (150 mg
or 300 mg)

Placebo 2.0 590 58.0 68.5 109 55.5 mg/min (UAE) 26 NR 4

J-MIND54 CrCl > 30 mL/min
and 24-hour UAE
rate < 300 mg/d;
sBP > 140 mm Hg
and or dBP > 90
mm Hg without
medication; HbA1c
< 12%

Enalapril
(5-20 mg/d)

Nifedipine
(20-60 mg/d)

2.0 436 60.0 50.5 110 43.6 mg/d (UAE) 13 NR NR

Marin et al.26 Adults with CKD
(SCr 1.5-5 mg/dL)
and hypertension

Fosinopril Nifedipine 3.0 241 54.4 58.9 35.6 1.75 g per 24 hours
(UPE)

NR 67 10

Fogari et al.27 T2DM, dBP 90-110
mm Hg, UAE
30-300 mg/d

Fosinopril or
amlodipine

Fosinopril and
amlodipine

4.0 309 62.5 56.6 89.6 97.1 mg/d (UAE) 19 NR NR

ONTARGET29,56 Age � 55 years; � 1 of:
CAD, PAD,
cerebrovascular
disease, or DM with
end-organ damage

Ramipril or
telmisartan or

both

3 arms 4.7 25,620 66.4 73.3 75.6 0.81 mg/mmol
(UACR)

4221 162 3068

TRANSCEND30 Age � 55 years with
documented CVD
or DM with end-
organ damage who
could not tolerate
ACEi

Telmisartan Placebo 4.7 5926 66.9 57.0 NR 0.67 mg/mmol
(UACR)

961 17 713
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DEMAND31 Age > 40 years,
hypertension and
T2DM, UAE
< 200 mg/min, SCr
< 1.5 mg/dL

Manidipine and
delapril

Placebo 3.8 380 60.8 65.2 99 5.9 mg/min (UAE) 18 NR 6

ROADMAP32 T2DM,
normoalbuminuria,
at least 1 cardiac risk
factor

Olmesartan Placebo 3.2 4447 57.7 46.1 84.9 6.1 mg/g (UACR) 190 0 41

PRONEDI33 Age > 35 years;
T2DM; CKD
diabetic
nephropathy stage
2-3; UPCR
300 mg/g

Lisinopril or
irbesartan

Lisinopril with
irbesartan

2.7 133 65.5 76.3 48.6 1.3 g/g (UPCR) NR 21 9

ATTEMPT-CVD35 Age 40-80 years,
HTN, at least 1 CV
risk factor

Telmisartan Placebo 3.0 1228 66 58.2 72.7 26.0 mg/g (UACR) 25 1 0

NAVIGATOR post
hoc36

� 1 CV risk factor (if
age > 55 years) or
known CV disease
(if age > 50 years),
and impaired
glucose tolerance

Valsartan Placebo 6.2 9306 64 50.6 80.5 7.1 mg/g (UACR) 1365 18 622

Lipid-lowering
Endo et al.39 T2DM with clinical

albuminuria (UAE
> 300 mg/g)

Probucol and
protein-restricted

diet

Protein-restricted
diet

2.4 102 59.6 55.9 NR 1468mg/g (UACR) NR 13 0

CARDS57 Age 40-75 years,
T2DM with � 1 of
hypertension,
retinopathy,
albuminuria, smoker

Atorvastatin Placebo 3.9 2838 61.6 68.0 64.2 9.73 mg/g (UACR) 210 NR 143

FIELD40 Age 50-75 years;
T2DM;
hyperlipidemia

Fenofibrate Placebo 5.0 9795 62.2 62.7 87.7 1.12 mg/mmol
(UACR)

1295 47 679

Diabetic therapy
Bolton et al.41 T2DM age 22-50 years

with retinopathy,
nephropathy with
> 500 mg/d UPE,
and CrCl 40-90
mL/min

Pimagedine Placebo 2.5 690 39.3 39.5 49.3 2.69 g/d (UPE) NR 90 22

SAVOR44 T2DM with HbA1c
6.5%-12.0%, either
established CV
disease or multiple
risk factors for
vascular disease

Saxagliptin Placebo 2.1 16,492 65.1 66.9 72.6 1.85 mg/mmol
(UACR)

2093 372 768

BARI-2D post hoc43 Age > 25 years,
T2DM, CAD with
at least 1 lesion
> 50% stenosis

Insulin Not using insulin 5.0 1799 62.1 71.1 76.6 11.7 mg/g (UACR) NR 35 NR
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Table 1. Continued.

Intervention
details/study Inclusion criteria Intervention Control arm

Follow up,
mean
years

Study
size, n

Mean
age,
years

Male
sex, %

Mean
baseline eGFR,
mL/min/1.73 m2

Baseline urine
protein/albumin
(measurement

type)

Number
of CV
events

Number
of ESRD
events

Number
of deaths

DCCT/EDIC post
hoc58

Cohort 1: T2DM
duration 1-5 years,
AER < 40 mg/d, no
retinopathy

Cohort 2: T2DM 1-15
years, AER < 200
mg/d, at least 1
retinal
microaneurysm

Intensive diabetes
therapy

Conventional
diabetes therapy

24.6 1441 26.9 52.8 126.1 Categorical
albuminuria

NR 24 133

EMPA-REG
OUTCOME,81

EMPA-REG post
hoc82

T2DM,with established
CV disease, eGFR >
30 mL/min/m2

Empagliflozin Placebo 3.1 7020 63.2 71.6 74 Categorical
albuminuria

772 152 463

He et al.d
ADVANCE post
hoc49

Adult patients with
T2DM and
hypertension from
Chinese sites from
the ADVANCE trial

Intensive glucose
control

Standard glucose
control

4.8 1888 65.0 51.3 NR 2.4 mg/mmol
(UACR)

258 NR 115

LEADER47 T2DM with high CV
risk

Liraglutide Placebo 3.8 9340 64.3 64.3 80.4 190.2 mg/g
(UACR)

1302 133 828

CANVAS83 and
CANVAS-R46

T2DM with high CV
risk

Canagliflozin Placebo 3.6 10,142 64.2 63.3 76.5 12.3 mg/g (UACR) 1011 249 681

Voroneanu et al.48 T2DM with
> 500 mg/d
proteinuria with
maximum RAS
blockade

Silymarin Placebo 2.0 102 68.6 64.3 39.8 0.7 g/d (UPE) NR 3 12

Treatment of glomerulonephritis
Donadio et al.20 IgA nephropathy, with

UPE � 1g/d UPE,
SCr < 265 mmol/L

Fish oil (12 g/d) Olive oil 3.0 106 37.0 74.0 82 2.87 g/d (UPE) NR 19 2

Pozzi et al. post-hoc18 IgA nephropathy
with creatinine
> 2.0 mg/dL and
1 g/d proteinuria

Steroids with
azathioprine

Steroids 4.5 46 39.8 80.5 27 2.5 g/d (UPE) NR 19 NR
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TESTING19 IgA nephropathy
with > 1 g/d of
proteinuria
and eGFR 20-120
mL/min/m2after 3
months of
conservative therapy

Methylprednisolone Placebo 2.1 262 63.4 38.6 59.3 2.4 g/d (UPE) NR 14 3

Other interventions
PREVEND-IT28 UAE 15-300 mg per

24 hours, not
hypertensive or
hyperlipidemic

Fosinopril or
pravastatin

Placebo 3.8 1728 51.2 64.9 NR 22.8 mg/d (UAE) 62 NR 19

EFAAT50 AA amyloidosis with
renal involvement,
> 1 g/d proteinuria
or CrCl < 60 mL/
min

Eprodisate Placebo 2.0 183 51 42.1 58.7 3.2 g/d (UPE) NR 20 10

van Zuilen et al.51 Adult patients with
CrCl 20-70 mL/min

Nurse practitioner-
directed care and

usual care

Nephrologist-
directed care

4.6 788 59.1 67.5 38.1 0.78 g/d (UPE) 80 109 98

Chen et al.52 Age 30-83 years; high-
normal body lead
burden (lead
80-600 mg);
SCr � 3.9 mg/dL

Lead chelation
therapy

Dextrose 2.25 50 58.1 80.0 28.6 3.9 g/d (UPE) NR 19 NR

PREDIAN53 Age > 40 years,
T2DM, CKD stage
3-4, UAE > 30 mg
per 24 hours, stable
renal function

Pentoxyfylline Control (not
placebo)

1.97 169 69.8 53.8 37.4 1.05 g/d (UAE) 20 5 2

AA, amyloid A; ABCD, Appropriate Blood Pressure Control in Diabetes; ACEi, angiotensin-converting enzyme inhibitor; ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron MR-
Controlled Evaluation; AER, albumin excretion rate; ATTEMPT-CVD, A Trial of Telmisartan Prevention of Cardiovascular Diseases; BARI-2D, Bypass Angioplasty Revascularization Investigation 2 Diabetes; BP,
blood pressure; CAD, coronary artery disease; CANVAS, Canagliflozin Cardiovascular Assessment Study; CANVAS-R, CANVAS-Renal; CARDS, Collaborative Atorvastatin Diabetes Study; CKD, chronic kidney
disease; CrCl, creatinine clearance; CV, cardiovascular; CVD, cardiovascular disease; dBP, diastolic blood pressure; DCCT/EDIC, Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications; DEMAND, Delapril and Manidipine for Nephroprotection in Diabetes; DM, diabetes mellitus; EFAAT, Eprosidate for AA Amyloidosis Trial; eGFR, estimated glomerular filtration rate; EMPA-REG
OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients -Removing Excess Glucose; ESRD, end-stage renal disease; FIELD, Fenofibrate Intervention and Event Lowering
in Diabetes; GISEN-REIN, Gruppo Italiano di Studi Epidemiologici in Nefrologia Ramipril Efficacy in Nephropathy; HbA1c, hemoglobin A1c; HTN, hypertension; IgA, immunoglobulin A; IRMA-2, Irbesartan in
Microalbuminuria, Type 2 Diabetic Nephropathy; J-MIND, Japan Multicenter Investigation of Antihypertensive Treatment for Nephropathy in Diabetics; LEADER, Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results; NAVIGATOR, Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research; NR, not reported; ONTARGET, Ongoing Telmisartan Alone and in
Combination With Ramipril Global Endpoint Trial; PAD, peripheral arterial disease; PREDIAN, Pentoxifylline for Renoprotection inDiabetic Nephropathy; PREVEND-IT, Prevention of Renal and Vascular Endstage
Disease Intervention Trial; PRONEDI, Progresion de Nefropatia Diabetica; RAS, renin-angiotensin system; ROADMAP, Randomized Olmesartan and Diabetes Microalbuminuria Prevention; SAVOR, Saxagliptin
Assessment of VascularOutcomes Recorded in Patients with Diabetes Mellitus; sBP, systolic blood pressure; SCr, serum creatinine; T2DM, type 2 diabetes mellitus; TESTING, Therapeutic Evaluation of Steroids in IgA
Nephropathy Global; TRANSCEND, Telmisartan Randomised Assessment Study in ACE Intolerant Subjects With Cardiovascular Disease; UACR, urine albumin-to-creatinine ratio; UAE, urine albumin excretion;
UKPDS, United Kingdom Prospective Diabetes Study Group; UPCR, urine protein-to-creatinine ratio; UPE, urine protein excretion.
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 Study  Treatment effect ratio (95% CI) 

 0.3  0.5  1  2 
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review. From this review, 36 RCTs met the inclusion criteria.
Table 1 summarizes the characteristics of the trials included.
Study sizes ranged from 46 to 25,620 participants (135,661
participants in aggregate), with follow-up from 2 to 25 years.
The mean age of study participants was between 27 and 67
years, with the proportion of male participants ranging from
40% to 81%. The mean eGFR (reported in 24 trials) ranged
from27 to 126mL/min/1.73m2.Most trials were conducted in
Canada, the United States, Europe, and Asia. Interventions
were varied and included treatment of glomerulonephritis,18-20

blood pressure-lowering therapies,21-38 cholesterol-lowering
therapies,28,39,40 glucose-lowering therapies,41-49 and other
interventions including chemotherapy,50 models of CKD
care,51 lead chelation,52 and pentoxyfylline.53 Of the 36 trials,
13 reportedUACR, 12 reported daily urine protein excretion, 7
reported daily urine albumin excretion, 1 reported UPCR, and
3 reported categorical albuminuria.

The assessment of study risk of bias is summarized in
Supplemental Table S2 and Supplemental Figure S1.
Overall, there was adequate description of randomization in
47%, allocation concealment in 50%, intention-to-treat
analysis in 75%, and loss of follow-up in 67%. These
criteria were more consistently reported in trials in the past
10 years.
Change in proteinuria or albuminuria and outcomes

CV events. Twenty trials (109,200 participants and 14,048
events) were included in the meta-analysis. Of these, 10
trials assessed the effects of blood pressure-lowering
interventions,23,27,28,30,31,34-36,54-56 3 assessed cholesterol-
lowering therapies (Prevention of Renal and Vascular End-
stage Disease Intervention Trial [PREVEND-IT] assessed
blood pressure and cholesterol-lowering therapies),28,40,57

5 assessed glucose-lowering therapy,44-47,49 1 assessed pentox-
ifylline use,53 and 1 assessed CKDmodels of care.51Overall, the
treatment effects on change in albuminuria and CV events were
not consistent, and change in proteinuria or albuminuria
overestimated the treatment effects on CV events (TER, 1.11;
Figure 2. Treatment effect on change of proteinuria or albuminuria, cardiov
effect ratio is the ratio of the relative risks of the clinical outcome and the rel
ratio value close to 1 indicates better agreement between the treatment effe
weight of each study. Where trials reported urine albumin-to-creatinine ratio (
day (UACR mg/mmol was converted to protein excretion mg/d [UACR mg/m
protein to creatinine ratio (UPCR; g/g), this has been converted to proteinuria
mg/g � 0.1131 (0.1131 is the conversion factor)]), and UPCR mg/mmol was
the conversion factor]). ABCD, Appropriate Blood Pressure Control in Diabet
Diseases; BARI-2D, Bypass Angioplasty Revascularization Investigation 2 D
Canagliflozin Cardiovascular Assessment Study; CANVAS-R, CANVAS-Renal;
tions Trial/Epidemiology of Diabetes Interventions and Complications; DEMA
Eprosidate for AA Amyloidosis Trial; FIELD, Fenofibrate Intervention and E
demiologici in Nefrologia Ramipril Efficacy in Nephropathy; IRMA-2, Irbesart
Multicenter Investigation of Antihypertensive Treatment for Nephropathy in D
of Cardiovascular Outcome Results; NAVIGATOR, Nateglinide and Valsarta
Ongoing Telmisartan Alone and in combination with Ramipril Global Endpo
phropathy; PREVEND-IT, Prevention of Renal and Vascular Endstage Disea
ROADMAP, Randomized Olmesartan and Diabetes Microalbuminuria Prevent
in Patients with Diabetes Mellitus; TESTING, Therapeutic Evaluation of Stero
Assessment Study in ACE Intolerant Subjects With Cardiovascular Disease;
95% CI, 1.01-1.22), with moderate heterogeneity (I2 ¼ 51%;
P ¼ 0.005; Fig. 2).

ESRD. Twenty-three trials (99,889 participants) reported
more than 10 ESRD events (1675 ESRD events total) and
were included in the meta-analysis. Eight trials assessed blood
pressure medication effects,21,22,24,26,29,30,33,36,38,56 2 assessed
cholesterol-lowering therapies,39,40 7 assessed diabetic
therapies,41,43-47,58 1 assessedmodels of CKD care,51 1 assessed
immunosuppression,19 1 assessed chemotherapy,50 and
1 assessed lead chelation.52 Overall, the treatment effects on
proteinuria or albuminuria were largely consistent with treat-
ment effects on ESRD (TER, 0.99; 95% CI, 0.88-1.13), with
no evidence of significant heterogeneity (I2 ¼ 9%; P ¼ 0.337;
Fig. 2).

Mortality. Twenty trials (109,215 participants) reported more
than 10 deaths (a total of 8597 deaths). Eight trials assessed
blood pressure-lowering therapy,21,23,26,28-30,36,37,55,56

3 assessed cholesterol-lowering therapies (PREVEND-IT
assessed blood pressure and cholesterol-lowering thera-
pies),28,40,57 8 assessed glucose-lowering therapies,41,44-49,58

1 assessed chemotherapy,50 and 1 assessed CKD models of
care.51 We observed significant differences in the treatment
effect on proteinuria and albuminuria compared with the
treatment effect on all-cause mortality, with change in pro-
teinuria and albuminuria overestimating the treatment effect
on mortality (TER, 1.17; 95% CI, 1.07-1.28). There was
evidence of moderate, although not statistically significant,
heterogeneity across the TERs (I2 ¼ 35%; P ¼ 0.06; Fig. 2).
Subgroup analyses

For the outcome of CV events we observed significant
heterogeneity in the TERs according to age (< 62 vs � 62
years; P for heterogeneity ¼ 0.023; Fig. 3). We also
observed substantial differences in the TER according to
baseline systolic blood pressure (< 140 vs � 140 mm Hg),
although statistical significance was not reached (P for
heterogeneity ¼ 0.067). There was no evidence of
ascular events, end-stage renal disease, and mortality. The treatment
ative treatment effect on proteinuria or albuminuria; a treatment effect
cts. The size of the boxes for the treatment effect ratios represent the
UACR; mg/mmol), this has been converted to proteinuria in grams per
mol � 10 [10 is the conversion factor]); where trials reported urinary
in grams per day (UPCR g/g was converted to UPCR mg/mmol [UPCR
converted to protein excretion mg/d (UPCR mg/mmol � 8.83 [8.83 is

es; ATTEMPT-CVD, A Trial of Telmisartan Prevention of Cardiovascular
iabetes; CARDS, Collaborative Atorvastatin Diabetes Study; CANVAS,
CI, confidence interval; DCCT/EDIC, Diabetes Control and Complica-
ND, Delapril and Manidipine for Nephroprotection in Diabetes; EFAAT,
vent Lowering in Diabetes; GISEN-REIN, Gruppo Italiano di Studi Epi-
an in Microalbuminuria, Type 2 Diabetic Nephropathy; J-MIND, Japan
iabetics; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation
n in Impaired Glucose Tolerance Outcomes Research; ONTARGET,
int Trial; PREDIAN, Pentoxifylline for Renoprotection in Diabetic Ne-
se Intervention Trial; PRONEDI, Progresion de Nefropatia Diabetica;
ion; SAVOR, Saxagliptin Assessment of Vascular Outcomes Recorded
ids in IgA Nephropathy Global; TRANSCEND, Telmisartan Randomised
UKPDS, United Kingdom Prospective Diabetes Study Group.
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significant heterogeneity in the CV event TERs when trials
were stratified according to publication year, trial size, sex,
proportion of participants with diabetes, baseline eGFR,
baseline proteinuria, type of proteinuria measure used,
definition of CV outcome, intervention type, or follow-up
period. We observed no evidence of significant heteroge-
neity in the TERs according to the assessed groupings
for the outcomes of ESRD and all-cause mortality
(Supplemental Figs. S2 and S3).

Publication bias

We analyzed included trials for publication bias for each of
the clinical outcomes. There was evidence of potential pub-
lication bias for CV events (Egger test P ¼ 0.049; Fig. 4A)
and ESRD (Egger test P ¼ 0.028; Fig. 4B). These results were
unchanged when the “trim and fill” method was performed to
account for this bias. There was no evidence of publication
bias for the all-cause mortality outcome (Egger test P ¼ 0.186;
Fig. 4C).
Discussion
In our systematic review and meta-analysis we assessed the

relationship between change in proteinuria or albuminuria
and the risk of clinically important outcomes on the basis of
RCTs across a range of interventions. Overall, our review
indicates that the treatment effects for a range of interventions
on change in proteinuria or albuminuria are generally
consistent with the treatment effects on ESRD. However, we
found that the treatment effects on change in proteinuria or
albuminuria overestimated the treatment effects on CV events
and all-cause mortality, suggesting uncertainty regarding the
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surrogacy of change in albuminuria for CV and mortality
outcomes.

As part of outcome surrogacy validation there must be
biological plausibility that the surrogate outcome is associated
with the intended clinical outcome, which appears to be the
case for proteinuria.59 The widely accepted Steno hypothesis
suggests that proteinuria as a marker of subclinical renal
disease represents systemic endothelial dysfunction.60,61

Changes in proteinuria have also been linked with high
sensitivity troponin T, a marker of myocardial ischemia and
necrosis.62 Proteinuria has been linked to endothelial pro-
thrombotic molecules, which are postulated to increase cor-
onary thrombosis risk.63-66 Additionally, experimental
research has shown that proteinuria contributes significantly
to tubulointerstitial injury and parenchymal fibrosis, which
leads to progressive renal decline and ESRD, supporting the
surrogacy of proteinuria.67 In addition, the degree of pro-
teinuria or albuminuria reduction has been suggested in some
disease settings (type 2 diabetes, vascular disease) to correlate
with reduced renal events and CV events,1,68 although not in
all populations.

Nonetheless, whereas proteinuria has been shown to be
independently associated with adverse CV and renal out-
comes,9 the prognostic utility of measuring its change re-
mains controversial. Three studies (secondary analyses of
RCT data) have reported linear relationships between change
in albuminuria and CV events (ie, decreased albuminuria
predicted decreased risk of CV events and vice-versa).1,69,70

For example, observational analysis of the Ongoing Telmi-
sartan Alone and in combination with Ramipril Global
Endpoint Trial (ONTARGET) and Telmisartan Rando-
mised Assessment Study in ACE Intolerant Subjects With
Cardiovascular Disease (TRANSCEND) trials suggested that
a twofold or greater increase in albuminuria was associated
with approximately 50% higher rate of mortality, increased
CV events, and need for dialysis.1 In contrast, a recent post
hoc analysis of the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Compli-
cations (DCCT/EDIC) study in type 1 diabetes reported
that progression of albuminuria was associated with increased
risk of CV events, but there was still an increase in risk of CV
events when albuminuria remitted.42 Similarly, in a post hoc
observational analysis of the Aliskiren Trial in Type 2 Dia-
betes Using Cardiorenal Endpoints (ALTITUDE) trial,
which examined the additional use of aliskiren with renin-
angiotensin system blockade in diabetic patients with CKD
or CV disease, reduction in albuminuria was associated with
significantly reduced risk of ESRD but not CV events,
whereas increasing albuminuria was associated with an
increased risk of ESRD.71 It is with these often conflicting
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results that there is interest in investigating the controversial
role of changing proteinuria as a surrogate outcome in
clinical trials for often distant outcomes like CV events,
progression to ESRD, and mortality, as we have investigated
in this study.72-77

Although previous evidence supports the potential utility
of change in proteinuria or albuminuria as a surrogate for CV
events, our data suggest that further validation is required.
Previous meta-analyses6,7 have not assessed the association
between change in proteinuria or albuminuria and CV events.
Further, our subgroup analyses for CV events revealed
significant heterogeneity in trials according to average age at
baseline, suggesting that change in proteinuria or albuminuria
might not be a useful surrogate for CV events in older adults,
in whom it might overestimate the change in CV event
incidence. Certainly, the progression of endothelial
dysfunction and atherosclerotic vascular disease responsible for
CV events is a chronic process. Vascular disease in older
patients might be more advanced and less modifiable in
conjunction with reductions in albuminuria alone. Addi-
tionally, our subgroup analysis suggests that in non-
hypertensive populations the treatment effect of change in
proteinuria or albuminuria on CV events might be over-
estimated. Recent literature has provided an example in
support of this hypothesis, in that reductions in albuminuria
were associated with an increase in CV events in a relatively
young, normotensive population.42 This evidence supports
some arguments that in certain populations, targeting albu-
minuria might be deleterious to patient health.76,77 Taken
together, the absence of consistent treatment effects across all
subgroups suggests that treatment effects on proteinuria or
albuminuria alone might not uniformly predict subsequent
risk of CV events. Further research might still be warranted to
identify subpopulations or specific interventions in which
proteinuria or albuminuria change could be valid surrogates
for long-term CV events.

The surrogacy of change in proteinuria or albuminuria and
ESRD outcomes has been explored in several recent
systematic reviews and meta-analyses. Similar to our results,
Heerspink et al. reported that short-term reduction in albu-
minuria by a drug-based intervention could be used as a
surrogate for future development of ESRD in clinical trials.7 A
subsequent meta-analysis completed by Jun et al. assessed the
validity of the potential surrogate outcomes of doubling of
serum creatinine and change in albuminuria.6 Although
doubling of serum creatinine was deemed to be a good
surrogate for ESRD, data on change in albuminuria was
promising but limited by the critical paucity of trials reporting
on this outcome. Palmer et al. completed a meta-analysis of
22 trials of blood pressure-lowering therapies, to examine the
surrogacy of drug effects on proteinuria or albuminuria and
drug effects on ESRD outcome. Their results did not suggest
that drug effects on proteinuria or albuminuria would be good
surrogates for ESRD, but were limited by a paucity of studies
because of the inclusion of only blood pressure-lowering in-
terventions, and unclear risk of bias.10 Our current meta-
analysis adds to the available evidence by including 17 new
trials that assessed the ESRD outcome. With the breadth of
included trials, our study had minimal heterogeneity and a
pooled TER close to 1. Among recent meta-analyses, our
study was unique by not restricting intervention type, and by
including clinical outcomes other than progression to ESRD,
including CV events and mortality.

Finally, we also found that treatment effects on proteinuria
and albuminuria overestimated treatment effects on all-cause
mortality. If we hypothesize that change in these urinary
measures are acceptable surrogates for mortality, this result
might represent a survival bias in the included trials, whereby
the outcome of change in proteinuria or albuminuria for
obvious reasons happens much earlier than death. Alterna-
tively, change in proteinuria and albuminuria might not be a
suitable surrogate outcome for mortality. This is the most
plausible explanation, because the etiology of death can be
diverse, and it is difficult to speculate that changing urinary
proteins have a direct role (as a surrogate) in all cases.

There are limitations to our study. The inclusion criteria
were intentionally broad, which led to inclusion of trials for
which a change in proteinuria or albuminuria was not
identified, and might have contributed to underestimation of
the surrogacy. For example, this might be the case if an
intervention was not directed at lowering proteinuria or
albuminuria but the outcome was still reported (hence, no
urinary protein change). It is also key to recognize, as shown
by our subgroup analyses, that surrogacy of biomarkers is
more clinically relevant when it is determined for specific
interventions or populations. For example, there is more
convincing biological plausibility that progression of protein-
uria in hypertensive or diabetic kidney disease might be more
predictive and causative in the development of clinical
outcomes such as CV disease or ESRD.60-62 In contrast to
this, progression of proteinuria in kidney disease related to
amyloidosis would not be as plausible as a biologically
causative factor in CV events or mortality, for which
outcomes are related to amyloid deposition in myocardial
tissue.78 Similarly, because most of the trials were not
conducted specifically among people with CKD, we were
unable conduct additional subgroup analyses according to
primary cause of CKD. The method of urinary protein or
albumin quantification is also a limiting factor. As per
previous studies,6,7,10 measures of urinary protein or albumin
were transformed into 24-hour proteinuria to allow for
comparison between studies. However, recent literature
suggests that spot urine samples do not correlate strongly with
24-hour urine measures,79 suggesting that there should be
standardization of methods to measure proteinuria among
trials that report this outcome. Finally, although the pooling
of TERs is a useful method when assessing the surrogacy of an
outcome across different interventions (as per previous
studies),6,80 its clinical utility might be limited, because the
magnitude of difference in TERs (from 1) that reflect sub-
stantial disagreement has not been well established.
Conclusions
Overall, our meta-analysis raises concern for the prospect

of using changing proteinuria or albuminuria levels as a
clinical surrogate for CV events and mortality. There are
several biological and clinical evidence-based limitations as
identified in this current review, and further investigation
into this possible relationship is needed. However, our
systematic review and meta-analysis is congruent with and
expands on previous work, and suggests that changing
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proteinuria or albuminuria levels are a suitable surrogate
outcome for ESRD.
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