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Proteinuria and Stroke: A Meta-analysis of Cohort Studies

Toshiharu Ninomiya, MD, PhD,1 Vlado Perkovic, MD, PhD,1 Christine Verdon, MSc(A),2

Federica Barzi, PhD,1 Alan Cass, MD, PhD,1 Martin Gallagher, MD, MPH,1 Meg Jardine, MD,1

Craig Anderson, MD, PhD,1 John Chalmers, MD, PhD,1 Jonathan C. Craig, MD, PhD,2 and
Rachel Huxley, DPhil1

Background: The associations between decreased kidney function and cardiovascular disease
recently have been established. However, there is uncertainty about the consistency between the
independent associations of proteinuria as a risk factor across all cardiovascular end points. We
undertook a meta-analysis of published cohort studies to provide a reliable estimate of the strength of
association between proteinuria and risk of stroke.

Study Design: Meta-analysis of observational cohort studies.
Setting & Population: General population of participants with diabetes. Studies were excluded if

participants had known glomerular disease or had undergone dialysis or transplantation.
Selection Criteria for Studies: MEDLINE, EMBASE, and CINAHL databases were searched for

studies that reported age- or multivariate-adjusted risk ratio with some estimate of the variance of the
association between proteinuria and risk of stroke, without language restriction.

Factor: Proteinuria or albuminuria.
Outcomes: Fatal or nonfatal stroke.
Results: Data from 10 published studies involving 140,231 participants and 3,266 strokes were

eligible for inclusion. Participants with proteinuria had a 71% greater risk of stroke compared with those
without proteinuria (95% confidence interval, 1.39 to 2.10). There was evidence of significant quantita-
tive heterogeneity in the magnitude of the association across studies (I2 � 60%; P for heterogeneity �
0.008), which was partially explained by differences in methods for measuring proteinuria. The risk of
stroke remained significant after adjustment for other vascular risk factors.

Limitations: Because individual patient data were unavailable, we were unable to fully examine the
impact of adjustment for known cardiovascular risk factors on the strength of the association between
proteinuria and stroke risk. It is possible that the pooled estimate was affected by regression dilution bias.

Conclusions: These findings support the independent relationship between proteinuria and stroke.
Additional studies are warranted to determine whether interventions to reduce proteinuria are effective
at reducing rates of stroke.
Am J Kidney Dis 53:417-425. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Stroke; epidemiology; risk factors; proteinuria; meta-analysis.
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troke is a leading cause of death and disabil-
ity worldwide.1 Substantial progress has

een made in our understanding of the role of
raditional cardiovascular risk factors, namely
lood pressure, smoking, diabetes, and choles-
erol level, in the cause of stroke.2-4 However,
ncertainty remains regarding the significance of
ore novel risk factors in contributing to the

urden of stroke. In particular, several prospec-
ive studies have suggested that the presence of
rotein in urine (albuminuria or proteinuria) is
ssociated directly with cardiovascular events,
ncluding stroke.5-11 Given that population-
ased studies have suggested that approximately
in 10 adults in the United States12 and 1 in 20

dults in Australia13 have proteinuria, the signifi-
ance of this disorder as a risk marker and/or risk
actor is potentially large. Thus, better understand-
ng of the precise nature of the relationship

etween proteinuria and stroke is important from

merican Journal of Kidney Diseases, Vol 53, No 3 (March), 2009
oth a clinical and public health perspective.
ere, we report results of a systematic review
ith meta-analysis of published cohort studies
ndertaken to obtain a reliable and precise esti-
ate of the association between proteinuria and

isk of stroke.
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METHODS

earch Strategy andSelectionCriteria

The Meta-analysis of Observational Studies in Epidemiol-
gy (MOOSE) guidelines for the conduct of meta-analyses
f observational cohort studies14 were followed. Relevant
tudies published between 1966 and November 2006 were
dentified from MEDLINE, EMBASE, and CINAHL by
sing relevant text words and medical subject headings that
ncluded all spellings of “proteinuria,” “albuminuria,” “mi-
roalbuminuria,” and “macroalbuminuria” and combined these
ith all spellings of “stroke,” “apoplexy,” “cerebrovascular

ccident,” “brain infarction,” “cerebral infarction,” “intracra-
ial hemorrhage,” “cerebral hemorrhage,” “cardiovascular dis-
ase,” and “mortality.” The search was limited to cohort or
ase-control studies, without language restriction. References
rom identified studies were manually scanned to identify other
elevant studies.

Studies were included if they reported quantitative esti-
ates and SEs (or 95% confidence intervals [CI]) of the risk

atio (RR) for fatal or nonfatal stroke associated with some
easure of proteinuria. The prespecified definitions of pro-

einuria are listed in Table 11; however, studies that used
omewhat different definitions were included if they were
omparable. Fatal stroke was defined as death attributed to
nternational Classification of Diseases, Ninth Revision codes
30 to 438 or International Statistical Classification of
iseases, 10th Revision codes I60 to I69. Nonfatal stroke
as defined as clinical symptoms consisting of neurological
eficit persisting for 24 hours or longer. Studies were ex-
luded if they met the following criteria: (1) a hospital-based
tudy, (2) a study population that included pathological
ubgroups (eg, participants with a preexisting stroke, known
lomerular disease, dialysis, or transplantation), (3) a study
eporting the estimate of the effect without an ability to
erive the SE, and (4) a study not reporting an estimate that
as at least adjusted by age. The literature search and data

xtraction were conducted by 2 authors (C.V. and T.N.).
isagreement over eligibility was resolved by consensus

fter paper review by 3 additional authors (R.H., V.P., F.B.).

tatistical Analysis

Summary estimates of the RR and 95% CI were obtained
y using a random-effects model. When studies published
ore than 1 estimate of the association between proteinuria

nd risk of stroke,6,8,9,11,16 according to subgroups (eg, by

Table 1. Prespecified Definitions

Measurement Method

4-h urine collection (mg/d)
pot urine albumin (mg/dL)
pot urine dipstick Sp

d
pot urine albumin-creatinine ratio (mg/g, g/mmol)

Abbreviation: NA, not available.
Based on Sarnak et al.15
ex or diabetes status), a within-study summary estimate a
as obtained. These single-study estimates were then com-
ined with the other study estimates, which were combined
or subgroup before combining them with these estimates.
eterogeneity across included studies was analyzed for-
ally by using Cochran Q test and the I2 statistic, which

pproximates the proportion of total variation in the esti-
ates caused by between-study heterogeneity.17 We investi-

ated possible sources of heterogeneity by comparing sum-
ary results obtained from subsets of studies grouped by

uration of follow-up or by differences in the method of
easurement. We performed additional subgroup analyses

y pooling estimates for subgroups within the cohort, de-
ned by sex, diabetes status, level of albuminuria, and level
f adjustment when these were reported. Tests of heterogene-
ty between subgroups were estimated by using univariate
eta-regression analysis. We also performed univariate and
ultivariate meta-regression analysis to assess possible

ources of heterogeneity affecting the relationship between
roteinuria and risk of stroke across studies.18 Results were
resented with the exponentiated regression coefficients and
heir 95% CIs, showing the proportional change in RR for
he first listed factor compared with that of that second listed
actor or for every 1-scale increment in each factor. All
nalyses were performed using Stata (release 9.2; Stata
orp, College Station, TX). A standard level (P � 0.05) of

tatistical significance was used in all analyses.

RESULTS

iterature Search

The literature search yielded 3,028 articles, of
hich 220 were reviewed in full. Ten published

tudies5-11,16,19,20 including information for
40,231 participants and 3,266 stroke events
37.0% fatal) were eligible for inclusion in the
nalysis. A flow chart detailing the process of
tudy identification and selection is shown in Fig
, and characteristics of the included studies are
isted in Table 2. Two studies5,19 reported the
ffects of macroalbuminuria compared with nor-
al levels of albuminuria, whereas the remain-

ng 8 studies reported an estimate of risk associ-
ted with overt proteinuria compared with no
vert proteinuria. Eight studies5-11,19 provided

uminuria and Overt Proteinuria

albuminuria Macroalbuminuria Overt Proteinuria

0-300 �300 �300
3-30 �30 �30
icroalbuminuria
positive

NA �1�

00, 3.4-34 �300, �34 �200, �23
of Alb

Micro

3

ecific m
ipstick

30-3
n estimate of the effect of the association be-
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Proteinuria and Stroke 419
ween proteinuria and stroke that was adjusted
or major cardiovascular risk factors, including blood
ressure, smoking, diabetes, and total cholesterol
evel, whereas the remaining 2 studies provided
stimates that were adjusted for only age and sex
Table 2).

ssociationof ProteinuriaWithRisk of Stroke

Overall, proteinuria was associated with a
1% (95% CI, 1.39 to 2.10) greater risk of stroke
Fig 2), with evidence of significant heterogene-
ty in the magnitude of the association across
tudies (I2 � 60%; P for heterogeneity � 0.008).
ubgroup analysis indicated that the significant
ource of between-study heterogeneity identified
as caused by differences in the method of
easuring proteinuria (Fig 3); the risk of stroke

Figure 1. Identification process for eligible studies.
rom the 3 studies5,6,19 that measured macroalbu- h
inuria or overt proteinuria by using laboratory
ethods (n � 26,901) was approximately 80%

igher compared with the 7 studies7-11,16,20 that
easured overt proteinuria by using a dipstick
ethod (n � 113,330) (RR, 2.71 [95% CI, 1.95

o 3.77] versus RR, 1.50 [95% CI, 1.28 to 1.75];
for heterogeneity � 0.003). There was also

ome suggestion that the association was weaker
n Asian compared with non-Asian populations
RR, 1.43 [95% CI, 1.14 to 1.79] versus RR, 2.02
95% CI, 1.54 to 2.65]; P for heterogeneity �
.07; Fig 3). However, after adjusting for method
f protein measurement, there was no evidence
o support an ethnic difference in the magnitude
f the association (Table 3). There was also no
vidence to suggest a difference according to
ype of study population, type of outcome (fatal
ersus nonfatal stroke), duration of study follow-
p, and number of participants (all P � 0.1; Fig
). Furthermore, there was no difference in the
ummary estimate between studies9,16,20 that ad-
usted for only age and sex compared with stud-
es5-11,19 that adjusted for other cardiovascular
isk factors (Fig 3). However, comparison of
ummary estimates from the 6 studies5,6,8,9,11,19

hat reported both age-adjusted and fully-ad-
usted estimates (n � 125,701) showed that the
elationship between proteinuria and stroke at-
enuated by 30% after adjusting for known cardio-
ascular risk factors (RR, 2.81 [95% CI, 1.78 to
.42] versus RR, 1.94 [95% CI, 1.37 to 2.75];
� 0.2).

ssociationof ProteinuriaWithRisk of Strokeby
ex andDiabetes Status

Five studies with information for 127,173 partici-
ants8,9,11,16,19 had reported sex-specific outcomes of
he association between proteinuria and stroke. The
ooled summary estimates indicated there was no
vidence to suggest a sex difference in the magnitude
f the association (RR, 1.62 [95% CI, 1.21 to 2.19] in
en versus RR, 1.38 [95% CI, 1.02 to 1.87] in
omen; P for heterogeneity � 0.5). In the 3 studies

n � 32,313 participants)6-8 that reported separate risk
stimates for subgroups of participants with and with-
ut diabetes, the association was unaffected by diabe-
es status (RR, 2.10 [95% CI, 1.18 to 3.72] versus RR,
.07 [95% CI, 1.46 to 2.93], respectively; P for

eterogeneity � 0.9).



Table 2. Characteristics of Studies Reporting on the Association Between Proteinuria and Subsequent Stroke Risk†

Reference Country
Study Size
(% men)

No. of
Strokes

Follow-up
(y)

Lost to
Follow-up

(%)
Age

Range (y) Population End Point
Criteria for End

Point

Definition of
Proteinuria

(measuring method) Level of Adjustment

Irie et al,8 2006 Japan 90,363 (34) 952 10 3 40-79 General Fatal stroke ICD-9 430-438,
ICD-10 I60-
I69

Overt proteinuria
(dipstick)

Age, HT, DM, CHOL,
HDLC, BMI, SCr,
smoking, alcohol

Madison et al,7

2006
United States

(Japanese
American)

6,252 (100) 457 27 ND 45-68 General (DM,
NDM)

Fatal � nonfatal
stroke

Standard
criteria*

Overt proteinuria
(dipstick)

Age, HT, DM, CHOL, BMI,
PA, smoking, alcohol

Yuyun et al,19

2004
United Kingdom 23,630 (47) 246 7.2 ND 40-79 General (DM,

NDM)
Fatal � nonfatal

stroke,
subtype of
stroke

ICD-9 430-438,
ICD-10 I60-
I69

Microalbuminuria,
macroalbuminuria
(urinary albumin-
creatine ratio)

Age, sex, SBP, HT
treatment, DM, CHOL,
BMI, PA, family Hx
stroke, Hx CHD,
smoking

Fuller et al,16

2001
Multicountries,

10 centers
(Europe,
Asia, United
States)

4,743 (49) 287 12 7 46 (mean) T1DM, T2DM Fatal � nonfatal
stroke

ICD-9 430-438 Overt proteinuria
(dipstick)

Age

Valmadrid et al,5

2000
United States 840 (45) 85 12 0.4 68 (mean) DM Fatal stroke ICD-9 430-438 Microalbuminuria,

macroalbuminuria†
(urinary albumin
concentration)

Age, sex, HT treatment,
glycemic control,
insulin use, PA, Hx
CVD, diabetic
retinopathy, alcohol

Nakayama et al,9

1997
Japan 2,302 (42) 142 15.5 6 �40 General Fatal � nonfatal

stroke,
subtype of
stroke

WHO and other
criteria

Overt proteinuria
(dipstick)

Age, mean BP, urinary
glucose, CHOL,
hematocrit, ECG Ab,
AF, BMI, PA, Hx CHD,
optic fundus

Miettinen et al,6

1996
Finland 2,431 (50) 155 7 ND 45-64 General (DM,

NDM)
Fatal � nonfatal

stroke
WHO criteria Overt proteinuria

(Coomassie
brilliant blue)

Age, sex, area, HT, DM
duration, glycosylated
HbA1, CHOL, HDLC,
TG, Hx CVD, smoking

Sasaki et al,10

1995
Japan 1,939 (62) 84 9.4 ND 53 (mean) T2DM Fatal stroke ICD-8 Overt proteinuria

(dipstick)
Age, sex, HT, BG, DM

duration, CHOL, ECG
Ab, obesity,
retinopathy

Wagner et al,11

1994
United States 6,135 (47) 771 16 4 45-74 General Fatal � nonfatal

stroke
ICD-9 430-438 Overt proteinuria

(dipstick)
Age, SBP, history DM,

education level, Hx
CVD, smoking

Nakano et al,20

1990
Japan 1,596 (38) 87 20 �1 30-69 General Fatal stroke ICD-9 Overt proteinuria

(dipstick)
Age, sex

Abbreviations: AF, atrial fibrillation; BG, blood glucose; BP, blood pressure; BMI, body mass index; CHD, coronary heart disease; CHOL, total cholesterol; CVD,
cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes mellitus; ECG Ab, electrocardiogram abnormalities; HbA1, hemoglobin A1; HDLC, high-density
lipoprotein cholesterol; HT, hypertension; Hx, history; ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Statistical Classification of
Diseases, 10th Revision; ND, not described; NDM, no diabetes mellitus; LVH, left ventricular hypertrophy, PA, physical activity; SCr, serum creatinine; SBP, systolic blood
pressure; T1DM, type1 diabetes mellitus; T2DM, type 2 diabetes mellitus; TG, triglycerides; WHO, World Health Organization.

*Stroke defined as “a new neurologic deficit developed without prolonged loss of consciousness, when there was evidence of nuchal rigidity or bloody cerebrospinal fluid
identified by an atraumatic lumber puncture and when there was absence of fever or pronounced leukocytosis.”

†Macroalbuminuria defined as urinary protein concentration of 300 mg/L.
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Proteinuria and Stroke 421
ssociationBetweenLevels of AlbuminuriaWith
isk of Stroke

Two studies with information for 24,470 par-
icipants5,19 reported separate estimates of the
ssociation between microalbuminuria (n � 62
vents) or macroalbuminuria (n � 12 events)
ith risk of stroke. Based on this limited amount
f data, there was some evidence to indicate a
reater risk in individuals with macroalbumin-
ria (compared with those with normoalbumin-
ria) than in individuals with evidence of mi-
roalbuminuria (compared with controls; RR,
.70 [95% CI, 1.19 to 2.45] versus RR, 2.36
95% CI, 1.44 to 3.86]; P for heterogeneity �
.2).

ssociationof ProteinuriaWith Stroke Subtype

Two studies with information for 25,932 partici-
ants9,19 reported on the association of proteinuria
ith risk of different stroke subtypes (188 ischemic

trokes and 76 hemorrhagic strokes). There was no
vidence of a difference in the magnitude of asso-
iation between subtypes of stroke (RR, 2.06 [95%
I, 1.02 to 4.17] versus RR, 1.66 [95% CI, 0.78 to
.54]; P for heterogeneity � 0.7).

DISCUSSION

The key finding from this systematic overview,

Figure 2. Overall risk ratio (RR)
or the association of proteinuria with
isk of stroke in population-based co-
ort studies for 5 studies6,8,9,11,16 re-
orting separate estimates according
o subgroups of a)sex or b)diabetic
tatus. Separate estimates were
ooled so that 1 study contributed 1
stimate to summary estimates. Ab-
reviation: CI, confidence interval.
hich included data for more than 3,000 stroke a
vents in 140,000 participants, is that the presence
f proteinuria confers a 50% to 70% greater risk of
troke. This association was uniformly consistent
cross important subgroups characterized by sex,
thnicity, and diabetes status and was apparent in
tudies that had adjusted for known cardiovascular
isk factors, most notably blood pressure. Although
he potential for residual confounding remains, we
onsider that the findings indicate proteinuria is an
mportant risk factor for stroke.

The exact mechanism that might mediate the
ink between proteinuria and stroke is not known,
ut it may be governed by blood pressure, which
s accepted to be causally associated with protein-
ria, as well as being the major risk factor for
troke.21 Unfortunately, it was not possible to
urther tease out the relationships among blood
ressure, proteinuria, and stroke risk in the present
nalyses. To do so would require individual
articipant data. Similarly, because proteinuria is
trongly associated with other cardiovascular risk
actors,22-25 it might be serving as a surrogate
arker of subclinical vascular disease and athero-

clerosis,21,26-29 rather than as a specific indicator
f kidney pathological state.

There was evidence of a relatively small
mount of heterogeneity in the magnitude of the
ssociation between proteinuria and risk of stroke

cross studies. Some of this was attributable to
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Ninomiya et al422
ifferences in methods of measuring proteinuria,
ith studies using laboratory methods more likely

o give a stronger association compared with
tudies using only urinary dipstick. Urinary dip-
tick testing30,31 has poor sensitivity and specific-
ty for detecting proteinuria and hence would be

ore likely to give false-positive and false-
egative results compared with more specific
aboratory methods of measurement.31,32 Typi-
ally, when imprecise methods of measurement
re used, the measure of effect is attenuated,17

uch that the use of dipstick testing in some
tudies may have underestimated the strength of
he association between proteinuria and stroke.

Data in support of a causal role for proteinuria
n patients with stroke are derived from post hoc
nalyses of large-scale clinical trials that suggest
hat reducing the level of albuminuria is associ-
ted with a concurrent decrease in cardiovascular
isk. For example, in the RENAAL (Reduction in

ndpoints in Non-insulin-dependent Diabetes Mel- p
itus With the Angiotensin II Antagonist Losartan)
tudy involving 1,500 patients with type 2 diabetes
ellitus and nephropathy, a 50% decrease in albu-
inuria was associated with a significant 18%

ecrease in risk of cardiovascular disease.33 Simi-
arly, in the LIFE (Losartan Intervention for End-
oint Reduction in Hypertension) Study, of 8,200
atients with hypertension and left ventricular hy-
ertrophy, participants who achieved a lower level
f albuminuria using losartan- or atenolol-based
egimens had a significantly lower risk of subse-
uent fatal or nonfatal stroke than those with persis-
ent albuminuria.34 Although these associations do
ot necessarily imply causality and potentially are
onfounded by parallel changes in blood pressure,
hey suggest that decreases in urinary protein excre-
ion may result in a decrease in risk of subsequent
ardiovascular events.

Well-established risk factors for stroke include
ypertension and diabetes.3,4 In this study, the

Figure 3. Subgroup analy-
sis for the comparison between
studies reporting associations
of proteinuria with stroke risk.
Abbreviations: CI, confidence
interval; RR, risk ratio.
ooled risk estimate was of a magnitude similar
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Proteinuria and Stroke 423
o the stroke risk associated with hypertension
nd diabetes. Because the summary estimate was
erived from studies that were largely adjusted
or diabetes and/or hypertension, this would sug-
est that the effects of proteinuria on risk of
troke are largely independent of these 2 risk
actors. Further investigation into the relation-
hip between proteinuria and stroke risk is war-
anted and, if confirmed, would support the inclu-
ion of proteinuria into risk prediction models
or stroke.

There are several potential limitations of this
eta-analysis. First, we were unable to assess

he influence of decreased kidney function on the
elationship between proteinuria and risk of
troke. Of studies included in this meta-analysis,
nly 1 study8 provided the risk estimate adjusted
or serum creatinine levels. Importantly, several
bservational cohort studies8,35-37 have shown
hat proteinuria and impaired kidney function are
ignificant and independent risk factors for cardio-
ascular disease, and furthermore, the coexistence
f proteinuria and decreased kidney function more
han doubled the risk of cardiovascular disease
ompared with participants with neither condition.
econd, because we relied on published data, we
ere unable to fully examine the impact of adjust-

Table 3. Univariate or Multivariate Meta-Regres
Acro

Possible Source of
Heterogeneity Scale

Propor
Chan
Risk R

ype of study
population

Diabetic (v general) 0.8

thnicity Asian (v non-Asian) 0.7
ethod of
measurement

Laboratory (v dipstick) 1.8

ype of end point Fatal and nonfatal stoke
(v fatal stroke)

1.2

evel of adjustment Multivariate adjusted (v
age and sex adjusted)

0.8

uration of follow-up Every 1-y increase 1.0
o. of participants Every 1,000-participant

increase
1.0

*Multivariate meta-regression was performed by using th
easurement as covariates.
†Results presented with exponentiated regression coef

ional change in risk ratio for the first listed factor compared
ach factor.
ent for known cardiovascular risk factors, such as t
ypertension or dyslipidemia, on the strength of the
ssociation between proteinuria and stroke risk,
hich may have overestimated the magnitude of

he relationship. Although there was no evidence to
uggest a difference in the strength of the associa-
ion between studies that had adjusted for only age
ompared with those that had attempted to adjust
or multiple risk factors, subsequent restriction of
he analysis to the 6 studies that had reported both
nadjusted and adjusted estimates showed that the
trength of the association was attenuated (but
emained significant), indicating the potential for
esidual confounding by known and unknown risk
actors. Conversely, it is possible that the impact of
egression dilution bias17 might have underesti-
ated the strength of the association between pro-

einuria and stroke risk. For example, data from the
onolulu Heart Program indicated that participants
ith proteinuria measured on at least 2 separate
ccasions had an approximately 70% greater risk
f incident stroke than those with positive results at
nly 1 examination.7 Finally, all studies included in
his meta-analysis were conducted in higher in-
ome countries; therefore, the applicability of our
esults to populations in lower and middle-income
ountries is uncertain. Further assessment using
ndividual participant data is needed to resolve

nalysis of Possible Sources of Heterogeneity
dies

Univariate Multivariate*

95%
Confidence

Interval P

Proportional
Change in
Risk Ratio†

95%
Confidence

Interval P

0.57-1.39 0.6

0.50-1.02 0.07 0.85 0.62-1.16 0.3
1.22-2.71 0.003 1.65 1.07-2.54 0.02

0.85-1.84 0.3

0.50-1.41 0.5

0.96-1.03 0.9
0.99-1.00 0.2

el including the variables Asian population and method of

and their 95% confidence intervals, showing the propor-
at of that second listed factor or for every scale increase in
sion A
ss Stu

tional
ge in
atio†

9

2
2

5

4

0
0

e mod

ficients
with th
hese limitations.
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Ninomiya et al424
In conclusion, data from this meta-analysis
upport the hypothesis that proteinuria is an
ndependent risk factor for stroke. Routine mea-
urement of urinary protein therefore may im-
rove current tools for the assessment and modi-
cation of stroke risk. Further studies are
arranted to determine whether interventions to

educe proteinuria are effective at reducing rates
f stroke.
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