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ABSTRACT

Background. People with chronic kidney disease (CKD) have
an increased risk of stroke but the magnitude of increased
risk and the independent effects of glomerular filtration rate
(GFR) and albuminuria are unclear. We aimed to quantify
the association between the independent and combined effects
of GFR and albuminuria on stroke risk.

Methods. We searched MEDLINE and EMBASE (February
2014) for cohort studies or randomized controlled trials
(RCTs) which reported stroke incidence in adults with a base-
line measurement of GFR and/or albuminuria. We extracted
study and participant characteristics, risk of bias and relative
risks (RR, with confidence interval; CI) of stroke associated
with GFR and/or quantity of albuminuria, synthesized data
using random effects meta-analysis and explored heterogeneity
using meta-regression.

Results. We identified 83 studies; 63 cohort studies (2 085 225

participants) and 20 RCTs (168 516 participants) reporting
30 392 strokes. There was an inverse linear relationship between
GFR and risk of stroke, with risk of stroke increasing 7% (RR:
1.07, CI: 1.04-1.09) for every 10 mL/min/1.73 m® decrease in
GFR. A 25 mg/mmol increase in albumin-creatinine ratio was
associated with a 10% increased risk of stroke (RR: 1.10, 95%
CIL: 1.01-1.20). The effect of albuminuria was independent of
GFR. Results were not different across subtypes of stroke, sex
and varying prevalence of cardiovascular risk factors.
Conclusions. Stroke risk increases linearly and additively
with declining GFR and increasing albuminuria. CKD staging
may also be a useful clinical tool for identifying people who
may benefit most from interventions to reduce cardiovascular
risk.

Keywords: albuminuria, chronic kidney disease, glomerular
filtration rate, stroke, systematic review
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BACKGROUND

Stroke and chronic kidney disease (CKD) are major health pro-
blems worldwide but are usually considered separately. One in
every four men and one in every five women will suffer a stroke
by 85 years of age. Stroke is the second biggest cause of death
and the primary cause of chronic neurological disability world-
wide [1, 2]. In the USA, stroke accounted for 5.2% of all deaths
and 6-8% (US$66.5 billion) of federal health care spending in
direct and indirect medical costs in 2010 [3, 4]. CKD is a simi-
larly large public health challenge which affects around 8% of
the population (though >50% of the population aged over 70
years) and accounted for 22% of Medicare expenditure in
2006 [5, 6]. In addition to consuming resources, both stroke
and CKD are associated with premature death, falls, dementia
and decreased quality of life [1, 7].

Stroke and CKD share common cardiovascular risk factors
including high blood pressure, smoking, high cholesterol and
diabetes [8]. CKD has also been identified as a risk factor for
stroke, with a glomerular filtration rate (GFR) of <60 mL/
min/1.73 m* and albuminuria independently associated with
stroke [9, 10]. It remains uncertain how the magnitude of this
increased risk changes as CKD progresses and whether GFR
and albuminuria act alone or in combination to modify stroke
risk.

The primary aim of our study was to establish how stroke
risk varied by stage of CKD. Specifically, we aimed to quantify
the associations between GFR and/or albuminuria and stroke
risk by CKD stage. We also aimed to explore how the associ-
ation between GFR, albuminuria and stroke risk varied by
stroke subtype and severity.

MATERIALS AND METHODS

We performed a systematic review and meta-analysis of rando-
mized controlled trials (RCTs) and cohort studies that had
estimated the association between GFR and/or albuminuria
and the risk of stroke.

Data sources and searches

We searched MEDLINE (1948 to February 2014) and EM-
BASE (1947 to February 2014) databases using a search strategy
developed by a specialized librarian that combined text word
and medical subject headings without language restrictions
(Supplementary Data, Appendix Table S1). The authors fol-
lowed a standardized study protocol for identification of eligible
studies.

Study selection

We included all RCTs and cohort studies which measured
GFR and/or albuminuria and reported quantitative estimates
and a measure of precision (or original data which allowed
their calculation) of the risk of subsequent stroke. GFR had to
be either estimated using a validated algorithm [Cockcroft-
Gault, modification of diet in renal disease (MDRD), CKD epi-
demiology collaboration (CKD-EPI)], measured directly,

Chronic kidney disease and therisk of stroke

approximated from urinary creatinine clearance or estimable
from serum creatinine. We required that albuminuria was quan-
tified by 24-h urine collection, urine aliquot albumin—creatinine
or protein—creatinine ratio, urine dipstick or agglutination assay.
Our outcome of interest was symptomatic stroke confirmed
by physician examination, hospital record review or identified
from data-linkage of administrative records. We excluded
cross-sectional and case—control studies, studies where GFR or
albuminuria were measured using non-validated methods or
algorithms, studies where outcomes were measured by self-re-
ports or proxy reports and studies where stroke was diagnosed
by radiological imaging but not confirmed clinically.

Data extraction

Using a standardized electronic data abstraction spread-
sheet, two reviewers independently recorded key descriptive
and quantitative data for study characteristics, participants, ex-
posures and outcomes. We collected details of the year of study
publication, location, size and duration. Abstracted participant
characteristics included age, gender, race and the prevalence of
diabetes, known vascular diseases, smoking and hypertension.
We also noted if participants were recruited at a time of high
stroke risk including around an acute coronary event, coronary
revascularization procedure or carotid arterial intervention.
Our main exposures of interest were GFR and quantity of albu-
minuria, and for each group of study participants we recorded
the GFR and/or the quantity of albuminuria (mean or category
range reported), the method of measurement and units of
quantification used. We then extracted data for the relative
risk (RR), odds, rate or hazard ratio of stroke associated with
each specified GFR and/or quantity of albuminuria and noted
whether reported strokes were fatal or non-fatal, incident or re-
current, as well as the subtype of stroke (all-cause, haemor-
rhagic, ischaemic or unspecified). Specifically, we obtained
effect estimates from the most fully adjusted model presented
noting which variables the model had adjusted for. The standard
error of the estimate was also extracted or estimated from the
reported 95% CI or P-value. Finally, we assessed the risk of
bias in RCTs using the Cochrane risk of bias tool and cohort
study quality using the Newcastle-Ottawa Scale [11, 12].

Data synthesis and analysis

The main outcomes of interest were the risks of stroke in pa-
tients with different GFR and/or categories of albuminuria (mi-
croalbuminuria, macroalbuminuria). We converted RRs
associated with averaged GFR or categories of albuminuria to
their natural logarithms and synthesized log RRs and standard
errors using the generic-invariance method in a random effects
model. Heterogeneity among included studies was assessed
using the Cochran Q test and the I’ test, with an alpha of
0.05 used for statistical significance. We used subgroup analyses
and meta-regression to explore heterogeneity. Subgroups were
pre-specified and included study characteristics (study design,
size, location, duration of follow-up, level of adjustment of the
effect estimate), participant characteristics (age, gender, race,
prevalence of diabetes, hypertension, smoking, atrial fibrillation,
undergoing cardiac or carotid intervention, quantity of albumin-
uria, GFR defined by CKD stage) and characteristics of stroke
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recorded (subtype, severity and whether incident or recurrent).
To investigate the simultaneous effect of multiple potential
study-level confounders, we then fitted a multivariate-adjusted
random-effects meta-regression model for each stroke subtype
and for each exposure (GFR and albuminuria). Studies used
varying reference ranges of GFR and so risks may not have quan-
tified the same sized difference in GFR between comparison and
reference groups. To adjust for this, we included the difference in
GFR between comparison and reference groups in our adjusted
model and estimated the average risk per 10 mL/min/1.73 m* de-
crease in GFR. For studies reporting albuminuria, we converted
measurements from their original units to their equivalent ACR
(mg/mmol) using a validated conversion table and then esti-
mated the average adjusted risk per 25 mg/mmol increase in
ACR in each comparison group relative to the reference group
[13]. All models were adjusted for study and participant charac-
teristics specified a priori including the duration of the study, age
and sex of participants and proportion of diabetics, people with
hypertension and smokers in the study. We then used backward
step-wise elimination of any characteristic associated with risk of
stroke (P < 0.2) before testing for interaction between GFR and
albuminuria in our final models. Finally, we conducted sensitiv-
ity analyses to assess the effect of varying study quality on esti-
mates of effect. Specifically, we examined the effect of
excluding randomized controlled trials where intention-to-treat
analysis was not performed and cohort studies where adjustment
for at least age, sex and smoking was not performed. For all ana-
lyses, we used STATA software version 11.2 (StataCorp, College
Station, TX, USA).

RESULTS

We identified 83 eligible studies (63 cohort studies and 20
RCTs) including 2 253 741 participants with follow-up ranging
from 0.25 months to 21 years (Figure 1 and Supplementary
Data, Appendix Table S2). In total, there were 30392 all-
cause stroke events including 21 633 which were not classified
by pathological subtype (unspecified), 7498 ischaemic and 1625
haemorrhagic strokes. Characteristics of the included studies
and randomized trials are described in Table 1 and Supplemen-
tary Data, Appendix Table S2. Seventy-two studies (87%) re-
ported unspecified stroke types, 23 studies (28%) reported
ischaemic strokes and 18 studies (22%) reported haemorrhagic
strokes (Table 1 and Figure 1). Twenty-seven (33%) of all stud-
ies were conducted in North America but studies which re-
ported subtypes of stroke were more often conducted in Asia:
13 (57%) studies reporting ischaemic and 11 (61%) studies re-
porting haemorrhagic strokes. GFR was most commonly esti-
mated using the MDRD formula (30 studies, 54% of studies
reporting GFR) and albuminuria most commonly measured
by ACR (17 studies, 46% of studies reporting ACR).

GFR and stroke

Fifty-six (67%) studies (2 156 147 participants) assessed the
association between GFR and stroke. We first analyzed data by
stage of CKD. A GFR of <90 mL/min/1.73 m” was associated
with an increased risk of all-cause stroke by 39% (RR: 1.39,
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95% CI: 1.31-1.47). The risk of all-cause stroke increased fur-
ther with declining renal function. In participants with a GFR of
60-90 mL/min/1.73 m” the risk of stroke was increased by 10%
(RR: 1.10, 95% CI: 1.03-1.19), by 43% in participants with a
GFR of 30-60 mL/min/1.73 m* (RR: 1.43, 95% CI: 1.33-1.54)
and by 70% in participants with an GFR of <30 mL/min/1.73
m? (RR: 1.70, 95% CI: 1.47-1.96, test for difference, P < 0.001)
(Figure 2). For every 10 mL/min/1.73 m? decrease in GFR (rela-
tive to the reference group), the risk of having a stroke increased
by 7% (RR: 1.07, 95% CI: 1.04-1.09) (Figure 3). In our multi-
variate-adjusted model, we observed 29% smaller risk estimates
for stroke in larger studies (>20 000 participants) compared
with smaller studies (<2500) (RR: 0.71, 95% CI: 0.55-0.91)
and 27% smaller risk estimates for stroke in studies where effect
estimates were adjusted compared with studies where estimates
were unadjusted (RR: 0.73, 95% CI: 0.60-0.90) (Figure 1). Stud-
ies where participants underwent a heart procedure reported a
91% higher risk of stroke (RR: 1.91, 95% CI: 1.36-2.69). Risk of
stroke did not vary among studies by any stroke characteristic
including subtype, severity and whether incident or recurrent.
Similarly, risk did not vary by the formula used to estimate GFR
(Supplementary Data, Appendix Table S3).

Albuminuria and stroke

Thirty-seven (45%) studies (1 262 952 participants) assessed
the association of albuminuria with stroke. Any degree of albu-
minuria increased the risk of all-cause stroke by 68% (RR: 1.68,
95% CI: 1.54-1.84). There was some evidence that the risk of
all-cause strokes rose with increasing quantity of albuminuria,
from 53% with microalbuminuria (RR: 1.53,95% CI: 1.40-1.67)
to 94% with macroalbuminuria (RR: 1.94, 95% CI 1.64-2.29,
test for difference P =0.06) (Figure 2). The risk of having a
stroke increased by 10% (RR: 1.10, 95% CI: 1.01-1.20) for
every 25 mg/mmol increase in ACR (Figure 3). In our multi-
variate-adjusted model, studies with a higher proportion of
Asian participants reported a 75% increased risk of stroke
(RR: 1.75; 95% CI: 1.07-2.86) compared with studies
recruiting mainly white participants (Supplementary Data, Ap-
pendix Figure 2). Albuminuria impacted risk of stroke differ-
ently according to age, with people aged 60-65 years
experiencing a 45% smaller increased stroke risk than people
aged <60 years (RR: 0.45, 95% CI: 0.28-0.71). The stroke sub-
type, severity and whether incident or recurrent had no effect
on magnitude of risk estimates. Risk did not vary by the method
used to quantify albuminuria (Supplementary Data, Appendix
Table S3).

GFR with albuminuria and stroke

Eight studies (12%) examined the association between GFR
with albuminuria and stroke, but we could use data from only
six studies because two studies used a reference range of GFR
other than >60 mL/min/1.73 m* or a reference range of albu-
minuria other than none. Risk of stroke in participants with a
GFR <60 mL/min/1.73 m* and any albuminuria (RR: 2.18, 95%
CI: 1.68-2.84) was additive, approximately equal to the sum of
the risk of stroke in participants with GFR <60 mL/min/1.73
m? (RR: 1.51, 95% CI: 1.41-1.61) and the risk of stroke
among participants with any albuminuria (RR: 1.68, 95% CI:
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12,880 Articles identified
3913 MEDLINE
8967 EMBASE

=I 2365 Excluded (duplicate search results)

v

10,515 Potentially relevant articles identified for title and abstract review

Y

Articles excluded

4749  Not RCT or cohort study

107 CKD not measured at baseline
5070  No estimate of effect for stroke
122 Other reasons

4

467 Articles identified for full text review

384 Articles excluded

30 CKD not measured at baseline

290 No estimate of effect for stroke

1 Further report of already included study
63 Other reasons

h 4

83 studies (2,253,741 participants) included in systematic review

Association Stroke subtype Studies (n) Participants (n)
GFR All-cause 56 2,156,147
Unspecified 48 2,119,742
Ischaemic 18 652,996
Haemorrhagic 12 624,835
Albuminuria All-cause 37 1,262,952
Unspecified 32 1,252,600
Ischaemic 9 50,485
Haemorrhagic 7 33,260
GFR and albuminuria All-cause 8 1,079,437
Unspecified 6 1,058,933
Ischaemic 3 23,791

GFR; glomerular filtration rate, CKD; chronic kidney disease, RCT; randomized controlled trial

FIGURE 1: Identification and inclusion of study reports of CKD and stroke risk.

1.54-1.84). In our multivariate-adjusted regression models, we
tested for interaction between GFR and albuminuria and found
none detectable.

Sensitivity analyses

Excluding randomized controlled trials where attrition bias
was judged unclear ( seven studies) and cohort studies where
estimates of effect were unadjusted for at least age, gender
and smoking (47 studies) did not alter the association we ob-
served for the association between either GFR or albuminuria
and the risk of all, unspecified, ischaemic or haemorrhagic
stroke (Supplementary Data, Appendix Table S4).

Chronic kidney disease and therisk of stroke

DISCUSSION

In this meta-analysis of 83 studies, which included data for
>30 000 strokes in 2 253 741 participants, we have demonstrated
a linear relationship between decreasing GFR and the risk of
stroke, and between increasing albuminuria and the risk of stroke.
Specifically, we observed an average 7% increase in the RR of
stroke associated with every 10 mL/min/1.73 m* reduction in
GFR, and an average 10% increase in the RR of stroke associated
with every 25 mg/mmol increase in ACR. Findings were consist-
ent when GFR was analyzed by stage of CKD and albuminuria
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Table 1. Characteristics of included studies

Number of studies,
total = 83

Characteristics

Study
Design
Randomized controlled trial 20 24
Cohort study 63 76
Location
North America 27 33
Europe 16 19
South-East Asia 23 28
Multinational 17 20
Number of participants
0 to <2500 31 37
>2500 to <5000 18 22
>5000 to <20 000 23 28
>20000 11 13
Duration of follow-up (months)
0<24 16 19
>24 to <60 25 30
>60 to <96 15 18
>96 27 33
Decade of publication
1970s 1 1
1980s 2 3
1990s 5 6
2000s 51 61
2010s 24 29
Association investigated®
GFR 56 67
Albuminuria 37 45
Combined GFR and albuminuria 8 9
Participant
Mean age (years)
<60 33 40
>60 to <65 14 17
>65 to <70 24 29
>70 12 14
Comparison subgroup GFR (mL/min/1.73 m?)*
>90 to <100 1 1
>60 to <90 15 18
>30 to <60 52 63
<30 15 18
Comparison subgroup albuminuria®
Macroalbuminuria 24 29
Microalbuminuria 24 29
Stroke
Subtype
Unspecified 72 87
Ischaemic 23 28
Haemorrhagic 18 22

GFR, glomerular filtration rate.
*Some studies investigated more than one association and/or had more than one
comparison subgroup.

analyzed by category of albuminuria. Our analyses also provide
compelling evidence about the thresholds of GFR and albumin-
uria at which the risk of having a stroke starts to increase with a
GFR below 90 mL/min/1.73 m” and microalbuminuria each in-
dependently associated with an increased stroke risk.

Our observations were consistent across different subtypes
of stroke, in men and women, and among studies where parti-
cipants had varying levels of risk factors for vascular disease
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(diabetes, hypertension and smoking). Study size, adjustment
for potential confounders, the clinical setting of the study and
the race of study participants all affected the size of the estimated
risk of stroke. In particular, we observed a 91% increased risk of
stroke in studies where participants with reduced GFR were
undergoing a heart procedure. For albuminuria, risk of stroke
was 75% greater in studies which recruited mainly South-East
Asian participants compared with studies where most partici-
pants were white, an observation which has major public health
implications. Data were lacking for patients with end stage kidney
disease requiring renal replacement therapy.

Based on our data, we propose that the revised Kidney Dis-
ease: Improving Global Outcomes (KDIGO) classification of
CKD may be a useful tool for stratifying the risk of stroke in
the general population though estimates of absolute risk of stroke
require adjustment for race and clinical setting [14] (Figure 4).

To our knowledge, this study forms the largest and most
comprehensive review of stroke in relation to kidney function
and is the first meta-analysis to consider CKD in terms of
both GFR and albuminuria. In identifying potential studies
for inclusion, we performed a comprehensive literature search
and included a large number of studies, so that estimates of
effect were generally precise. We included only RCTs and
cohort studies and consequently, selection bias, recall bias
and reverse causality are unlikely to have affected our results.
We also used validated tools to assess the quality of included
studies and undertook sensitivity analyses to determine how ro-
bust our effect estimates were to varying levels of quality of dis-
creet study methodology. Our analyses also present the most
comprehensive exploration of heterogeneity among studies
examining the associations of GFR and albuminuria with the
risk of stroke.

Our study does have some potential limitations. First, most
included studies were observational and we were limited to
examining heterogeneity based on data published for known
cardiovascular risk factors. Many studies did not report data
for known confounders of stroke risk, particularly the use of
treatments for complications of CKD (including erythropoietin
for anaemia and angiotensin II enzyme inhibitors for people
with albuminuria) or the reduction of cardiovascular risk (in-
cluding aspirin and statins) which may affect the risk of ischae-
mic and haemorrhagic stroke differently. Residual confounding
may exist within our results and explain why we observed no
difference in the associations between CKD and the risk of is-
chaemic or haemorrhagic strokes. Second, the diagnosis of
CKD requires the presence of kidney damage for >3 months.
GFR or albuminuria was frequently only measured once mean-
ing that some patients with acute kidney injury or non-persist-
ent albuminuria may have been misclassified as having CKD
and that our estimates of effect may be subject to regression di-
lution bias. Estimates of GFR may be subject to misclassifica-
tion bias. The MDRD equation underestimates GFR and the
Cockcroft-Gault equation overestimates GFR at >60 mL/min/
1.73 m” in healthy individuals, and both equations overestimate
GFR at >60 mL/min/1.73 m” in people with reduced muscle
mass (who are more likely to be unwell and may be at higher
risk of stroke) [15]. We also estimated average levels of GFR
and albuminuria within category ranges based on previously
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CKD stage: GFR (mU/min/1.73m’) Studies () Participants (n) RR (95%CI)

Stage 1: 290<100 (versus>100) s 1 91,432 1.04 (0.77 to 1.41)
Stage 2: >60<90 (versus>90) P 15 861,526 1.10(1.03 to 1.19)
Stage 3: =30<60 (versus>60) . 52 2,100,733 1.43 (1.33 to 1.54)
Stage 4/5: <30 (versus=>30) o 15 1,743,690 1.70 (1.47 to 1.96)

Test for heterogeneity between subgroups:
1’=71%, p<0.001

Albuminuria
Micro (versus none) Y] 24 1,124,229 1.53 (1.40 to 1.67)
Macro (versus none) —e— 24 1,249,907 1.94 (1.64 to 2.29)
T T T T
0.5 1 2 3 5 Test for heterogeneity between subgroups:
Relative Risk (95% CI) 12=72%, p=0.06

RR: Relative risk; GFR: glomerular filtration rate; CI: confidence interval

FIGURE 2: Risk of all-cause stroke by GFR and albuminuria thresholds.
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FIGURE 3: RR of all-cause stroke by (i) decrease in GFR and (ii) increase in ACR from reference to comparison groups. Circles represent study-
specific effect estimates and are proportional in size to the precision of effect estimates. GFR explains 67% and proteinuria 55% of total variation in
risk of stroke after adjusting for other study/participant characteristics significantly associated with risk of stroke.

described methods which assume a near-normal distribution of | individual patient data [16]. Finally, the lack of confirmation
GFR or albuminuria within each defined CKD stage or category | of type of stroke (ischaemic versus haemorrhagic) in many
of albuminuria, an assumption we could not test without | studies limited our ability to explore stroke subtype in detail.
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FIGURE 4: Ten year absolute risk of all-cause stroke (fatal and non-fatal).

The magnitude of increased risk of stroke we observed in
study participants with a GFR < 60 mL/min/1.73 m” is similar
to that seen in a previous meta-analysis of 21 prospective stud-
ies, but the GFR threshold at which we began to see risk of
stroke increase (<90 mL/min/1.73 m?) suggests an earlier
stage of CKD than previously thought [9]. A previous review
that included 10 studies identified albuminuria as being asso-
ciated with an increased risk of stroke but did not observe an
increasing risk with increasing quantities of albuminuria or
any variation in the effect of albuminuria by race [10].

Our findings for stroke are also broadly consistent with the
effects of GFR and albuminuria on the risk of other cardiovascu-
lar events. The magnitudes of risk of stroke associated with GFR
and albuminuria are similar to size of risk of myocardial infarc-
tion and cardiovascular mortality, which are increased by 33 and
57% when GFR is <60 mL/min/1.73 m” and by 48 and 63% with
microalbuminuria [17, 18]. The threshold GFR at which risk be-
gins to increase is <60 mL/min/1.73 m* for myocardial infarc-
tion and <75 mL/min/1.73 m? for cardiovascular death [17, 19,
20]. For albuminuria, increased risk of myocardial infarction and
cardiovascular death are also seen with micro albuminuria [18].
Linear dose-response relationships exist between GFR, quan-
tity of albuminuria and risk of myocardial infarction and car-
diovascular death [18, 20, 21]. GFR and albuminuria
independently increase the risk of myocardial infarction and car-
diovascular mortality without interaction [20, 22]. Considering
effect modifiers of GFR, although age and ethnicity modify the
effect of GFR on cardiovascular death, we did not observe this for
stroke [20]. Patients with lower GFRs undergoing heart proce-
dures are at increased risk of myocardial infarction, heart failure
and death compared with patients with higher GFRs, and our
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observation of increased stroke risk is consistent with these estab-
lished associations [23]. For albuminuria, no good data on factors
that modify the effect of albuminuria on cardiovascular events
exist.

There are several possible explanations for finding a near-
doubled risk of stroke in studies with mainly Asian participants
who had albuminuria, most of which assume that increased ex-
posure to albuminuria increases the risk of stroke. Hypertension
occurs at a younger age and may cause more profound end-
organ damage in Asians than in whites, and no study that we
included adjusted for the duration of hypertension [24]. Dia-
betes occurs a decade earlier, at lower body mass index and is
more frequently associated with albuminuria and worse gly-
caemic control in Asians than whites [25]. Although we adjusted
for differences in the prevalence of diabetes, we could not adjust
for either the duration of diabetes or glycaemic control. Asians
with albuminuria are also more likely to have a lower GFR than
whites with albuminuria and not all studies adjusted for the ef-
fect of GFR on the association between albuminuria and stroke
[26].

Plausible pathological mechanisms provide further support
for GFR and/or albuminuria having a role in causing stroke in
addition to the strength, consistency and biological gradient of
effect that we have demonstrated. Endothelial dysfunction is
common in CKD in which uraemic toxins, insulin resistance,
vascular calcification, dyslipidaemia, anaemia and renin-angio-
tensin activation are proposed to cause chronic inflammation,
oxidative stress and promote atherogenesis and arteriosclerosis
[27, 28]. To date, data from RCTs demonstrating a reduction
in the risk of stroke coincident with slowing the rate of GFR de-
cline or reducing albuminuria is lacking with only a few
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conflicting reports for other cardiovascular endpoints. Synthesis 10. Ninomiya T, Perkovic V, Verdon C et al. Proteinuria and stroke: a meta-
of eight RCTs failed to show any reduction in the risk of cardio- "‘n.alY.S‘S of cohort studies. Am ] K‘dney Dis 2009; 53: 417-425 o
vascular mortality amongst participants ran domized to treat- 11. HigginsJ, Altman DG. Assessing risk of bias in 1ncludeq studle.s. In: Higgins
CE : A JPT, Green S (eds). Cochrane Handbook for Systematic Reviews of Inter-
ments known to slow decline in GFR [29]. For albuminuria, ventions: Cochrane Book Series. The cochrane collaboration, 2008, pp.
one RCT reported that reducing albuminuria by 50% reduced 187-241
the risk of a cardiovascular event [30]. 12. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrando-
For researchers, the challenge is to generate further evidence mised studies in meta-analyses. Ottawa Hospital Research Institute website.

. . . . http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (1 February
that preventing progressive CKD reduces the risk of having a 2014, date last accessed)

stroke. SpedﬁcaHY> the effects of redudng albuminuria in 13. Lamb EJ, MacKenzie F, Stevens PE. How should proteinuria be detected

South-East Asians, slowing the rate of change in GFR and and measured? Ann Clin Biochem 2009; 46: 205-217

how dynamic Changes in the quantity of albuminuria affect 14. Levey AS, Coresh ], Balk E et al. National Kidney Foundation practice

stroke risk should be examined. The public health implications guidelines for chronic kidney disease: evaluation, classification, and strati-
. . fication. Ann Intern Med 2003; 139: 137-147

of our data are also considerable and the potential for stroke pre- | - . . - .

R . . LinJ, Knight EL, Hogan ML et al. A comparison of prediction equations for
vention is substantial. Our data suggest that each year up to 4% estimating glomerular filtration rate in adults without kidney disease. ] Am
of all strokes (31 800 in the USA) may be attributable to having a Soc Nephrol 2003; 14: 2573-2580
GFR <90 mL/min/1.73 mz, having any degree of albuminuria 16. Greenland S. Dose-response and trend analysis in epidemiology: alterna-
may account for 6% (47 770) of all strokes, and that as many tives to categorical analysis. Epidemiology 1995; 4: 356-365 .
as 10 000 (1.2%) strokes could be prevented if people with mi- 17. Di Angelantonio .E, Dan.esh J, Eiriksdottir G et ftl. Renal functlf)n and risk of

. : . : . ‘ coronary heart disease in general populations: new prospective study and
croalbuminuria received an angiotensin-converting enzyme systematic review. PLoS Med 2007; 4: €270
inhibitor [31]. 18. Perkovic V, Verdon C, Ninomiya T et al. The relationship between protein-
uria and coronary risk: a systematic review and meta-analysis. PLoS Med
2008; 5: 207

19. Holzmann M, Ivert T, Jungner I et al. Renal function assessed by two dif-
ferent formulas and incidence of myocardial infarction and death in mid-
dle-aged men and women. J Intern Med 2010; 267: 357-369

Supplementary data are available online at http:/ndt.oxford 20. Matsushita K, van der Velde M, Astor BC et al. Association of estimated
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