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ABSTRACT

Objective To qualitatively and quantitatively investigate
the link between a low estimated glomerular filtration rate
(eGFR) at baseline and risk of future stroke.

Design Systematic review and meta-analysis of
prospective studies.

Data sources PubMed (1966-October 2009) and Embase
(1947-October 2009).

Selection criteria Inclusion criteria were studies that
prospectively collected data within cohort studies or
clinical trials, estimated glomerular filtration rate at
baseline using the modification of diet in renal disease or
Cockcroft-Gault equations, assessed incident stroke, had
a follow-up of at least one year, and reported quantitative
estimates of multivariate adjusted relative risk and 95%
confidence interval for stroke associated with an eGFR of
60-90 ml/min/1.73 m? or<60 ml/min/1.73 m2.

Data abstraction Two investigators independently
abstracted data from eligible studies. Estimates were
combined using a random effects model. Heterogeneity
was assessed by Pvalue of 2 statistics and I2. Publication
bias was assessed by visual examination of funnel plots.
Results 21 articles derived from 33 prospective studies:
14 articles assessed eGFR <60 ml/min/1.73 m? and seven
assessed eGRF at both <60 ml/min/1.73 m? and 60-

90 ml/min/1.73 m? for a total of 284 672 participants
(follow-up 3.2-15 years) with 7863 stroke events. Incident
stroke risk increased among participants with an eGFR
<60 ml/min/1.73 m? (relative risk 1.43, 95% confidence
interval 1.31 to 1.57; P<0.001) but not among those with
an eGFR of 60-90 ml/min/1.73 m? (1.07, 0.98 to 1.17;
P=0.15). Significant heterogeneity existed between
estimates among patients with an eGFR <60 ml/min/1.73
m? (P<0.001). In subgroup analyses among participants
with an eGFR <60 ml/min/1.73 m?, heterogeneity was
significant in Asians compared with non-Asians (1.96,
1.73t02.23v1.25,1.16t01.35; P<0.001), and those with
an eGFR of 40-60 ml/min/1.73 m?v <40 ml/min/1.73 m?
(1.28,1.04to 1.56 v 1.77, 1.32 to 2.38; P<0.01).
Conclusions A baseline eGFR <60 ml/min/1.73 m? was
independently related to incident stroke across a variety
of participants and study designs. Prompt and
appropriate implementation of established strategies for

reduction of vascular risk in people with know renal
insufficiency may prevent future strokes.

INTRODUCTION

Chronic kidney disease and cardiovascular disease are
major public health problems worldwide and often
share the same pathophysiological mechanisms.'
Indeed, the prevalence of traditional cardiovascular
risk factors can be high in those with impaired kidney
function,? and most patients with an estimated glomer-
ular filtration rate (eGFR) lower than 60 ml/min/1.73
m” die of cardiovascular causes and not progression to
end stage renal disease.® As such, averting future vas-
cular events in patients with a low eGFR should be a
primary goal.*

A systematic review of observational studies showed
that a reduced eGFR was associated with an increased
risk of coronary heart disease,” and a recent meta-ana-
lysis showed that a low eGFR was linked to all cause
and cardiovascular mortality in the general
population.® The effect of reduced eGFR on incident
stroke, however, has not been well delineated in a qua-
litative or quantitative manner using the totality of pub-
lished data. As stroke is aleading cause of mortality and
morbidity worldwide, and several strategies, such as
blood pressure control and use of statins and aspirin,
may reduce subsequent cardiovascular disease in
patients with chronic kidney disease, it is important to
identify people at potential high risk, then appropriate
therapy can be applied.”® We carried out a systematic
review and meta-analysis to determine whether a link
exists between reduced eGFR and incident stroke and
the magnitude of any relation.

METHODS

The search strategy was done according to the recom-
mendations of the Meta-analysis of Observational Stu-
dies in Epidemiology.’ We searched PubMed (1966 to
October 2009) and Embase (1947 to October 2009)
using the search strategy “glomerular filtration rate”
OR “renal disease” OR “chronic kidney disease”
AND “stroke” OR “cerebrovascular disease” OR
“cerebrovascular attack” OR “cerebral infarct” OR
“intracranial hemorrhage” AND “prospective” OR
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“cohort” OR “observational” OR “post hoc” (see web
extra fig 1). We restricted the search to studies in
humans. No language restrictions were applied.
Further information was retrieved through a manual
search of references from recent reviews and relevant

published original studies.

Study selection and data abstraction

We included studies that prospectively collected data
within cohort studies or clinical trials, used the modifi-
cation of diet in renal disease or Cockcroft-Gault equa-
tions to estimate glomerular filtration rate at baseline,
assessed incident stroke, had a follow-up of at least one
year, and reported quantitative estimates of the multi-
variate adjusted relative risk and 95% confidence inter-
val for stroke associated with an eGFR of 60-90 ml/
min/1.73 m? or <60 ml/min/1.73 m? or both. We
excluded studies that had a cross sectional, case-con-
trol, or retrospective cohort study; that had mostly par-
ticipants with end stage renal disease (by history of
dialysis or an eGFR <15 ml/min/1.73 m®) or kidney
transplant; that only reported unadjusted or age and
sex adjusted relative risk; that did not report 95% con-
fidence intervals; and that were duplicated. Studies that
used slightly varying eGFR intervals were included if
they were otherwise comparable. Two investigators
(ML and K-HC) independently abstracted data from
eligible studies. Discrepancies were resolved by discus-
sion with a third investigator (BO) and by referencing
the original report.

Study quality

We assessed the quality of eligible studies. Assessment
was based on guidelines developed by the US Preven-
tive Task Force as well as the modified checklist used in
previous studies.'”'* We assessed eight characteristics:
prospective study design, maintenance of comparable
groups, adjustment of potential confounders, docu-
mented loss of follow-up rate, assessor of outcome
blinded to exposure status, clear definition of expo-
sures (eGFR) and outcomes (stroke), temporality

Overall search and review of abstracts (n=1754):
PubMed (n=1504)
Embase (n=250)

Excluded after review of abstract:
case-controlled, cross sectional, review,
duplication, no cardiovascular end point (n=1671)

—e-

Full text articles retrieved for detailed assessment (n=83)

Excluded (n=62):
No multivariate adjusted stroke estimate (n=53)
Duplicate studies (n=6)
Retrospective cohort (n=3)

Articles included in meta-analysis (n=21):
Estimated for eGFR <60 ml/min/1.73 m2 v reference only (n=14)
Estimated for eGFR both 60-90 and <60 ml/min/1.73 m?
v reference (n=7)

Fig 1| Flow of study selection

(eGFR measured at baseline, not at time of outcomes
assessment), and follow-up of at least one year. Studies
were graded as good quality if they met at least seven of
eight criteria, fair if they met four to six, and poor if
they met fewer than four.

Statistical analysis

For data analysis we used multivariate adjusted out-
come data (expressed as relative risks and 95% confi-
dence intervals). When articles provided estimates
based on both the modification of diet in renal disease
and the Cockcroft-Gault equations, we used estimates
from the more informative, expert recommended
modification of diet in renal disease equation* for pri-
mary analysis. In each study we converted these values
by using their natural logarithms, and we calculated the
standard errors from these logarithmic numbers and
their corresponding 95% confidence intervals. For the
statistical analysis we combined log relative risks and
standard errors using the inverse variance approach.
We used a random effect model and explored for
sources of inconsistency (I?) and heterogeneity. A
fixed effect model was also used for comparison with
the random effects model on the overall risk estimate.
Reported P values were two sided, with significance set
at less than 0.05. Heterogeneity was assessed by P
value of ” statistics and I?, which describes the percen-
tage of variability in the effect estimates that is due to
heterogeneity rather than to chance.”'* Based on the
suggestion of the Cochrane Collaboration we regarded
heterogeneity as possibly unimportant when the I
value was less than 40% and considerable when more
than 75%." RevMan 5 was used for the meta-analysis
of observational studies.'® !’

The leading outcomes of interest were relative risks
of incident stroke in patients with an eGFR of 60-
90 ml/min/1.73 m? and <60 ml/min/1.73 m?. Publica-
tion bias was assessed by visual examination of funnel
plots. Subgroup analyses for eGFRs <60 ml/min/1.73
m? were done according to normal references (studies
using an eGFR >60 ml/min/1.73 m* as the normal
reference versus studies using >90 ml/min/1.73 m* as
normal), study population type (general or hyperten-
sion only versus established cardiovascular disease or
high cardiovascular risk at entry), study design (ordin-
ary cohorts versus secondary analysis of clinical trials),
ethnicity (Asians » non-Asians), follow-up (<7 years v
>7 years), number of participants (<10 000 »>10 000),
equation used to determine eGFR (modification of diet
in renal disease v Cockeroft-Gault), end points (fatal v
fatal plus non-fatal stroke), stroke subtype (ischaemic »
haemorrhagic stroke), sex (men » women), degree of
eGFR impairment (eGFR 40-60 ml/min/1.73 m* or
nearest equivalent » <40 ml/min/1.73 m?> or nearest
equivalent), level of adjustment (age and sex adjusted
vmultivariate adjusted), and study quality (good v fair).
We also explored the interaction between eGFR and
albuminuria by using as a reference those groups with
an eGFR of >60 ml/min/1.73 m? without albuminuria.
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Characteristics of included studies

eGFR Mean (SD) or
Equationto  groups (ml/ No of median Follow-
Study, Study calculate min/1.73 partici- % (range) age No of up Study
country population eGFR m2) pants men (years) strokes (years)  End points Adjusted variables quality
Bax 2008, Atherosclero-  Modification »90 602;2097; 83;77; 54(10); 60 15;59; 38 3.3 All stroke Age, sex, body mass index, Fair
Nether- tic vascular of diet in (reference); 517 64 (10); 67 (8) hypertension, coronary heart
lands'® disease or renal 60-90; <60 disease, cerebral disease,
cardiovascular disease peripheral artery disease,
risk factors at abdominal aortic aneurysm,
entry diabetes mellitus, smoking, and
use of angiotensin converting
enzyme inhibitors and
angiotensin Il antagonists
Bos 2007, General, no Cockcroft- 260 2652; 2285 40 69 (62 to 77) 586 10.2 Al stroke Age, sex, and propensity score Good
Nether- stroke at entry  Gault (reference); (ischaemic (systolic blood pressure, diastolic
lands*? 60 and blood pressure, antihypertensive
haemorrha-  drug use, left ventricular
gic recorded hypertrophy, diuretic use, pack
separately)  years of smoking, diabetes
mellitus, cholesterol level, high
density lipoprotein level, carotid
intima media thickness, uric acid,
C reactive protein, previous
myocardial infarction, previous
atrialfibrillation, waist to hip ratio,
antithrombotic drug use, lipid
lowering drug use)
Cheng 2008, General Modification »90 4190;11  63;80; 56(5);57(5); 29;88;35 15 Fatal stroke  Age, sex, body mass index, Fair
Taiwan?° of dietin (reference);  583; 1253 87 61 (6) (ischaemic ~ smoking status (current, former,
renal 60 to 90; <60 and never), total cholesterol level,
disease haemorrha-  haemoglobin concentration,
gic recorded diabetes mellitus, systolic blood
separately)  pressure, history of hypertension,
and prevalent cardiovascular
disease
Deo 2008, General, no Modification 260 2340; 632 49 74 (70t0 79) 126;37 6 All stroke Race, age, sex, site, body mass Fair
USA?! stroke atentry  of diet in (reference); index, alcohol use, current
renal <60 smoking status, diabetes
disease mellitus, hypertension, aspirin
use, diuretic use, angiotensin
converting enzyme inhibitors use,
B blocker use, statin use, low
density lipoprotein and high
density lipoprotein cholesterol
level, plasminogen activator
inhibitor, C reactive protein,
albumin, interleukin-6, and
tumour necrosis factor a
Ford 2009, Pre-existing Modification 260 2702; 1641; 58;48; 75(3);75(3); 190;120; 3.2 All stroke Randomised treatment; country;  Good
Ireland, vascular of dietin (reference);  1104;349 33;26 76(3);77 (3) 74; 31 and sex; current smoking status; age;
Scotland, and disease or renal 50-60; 40- transient histories of hypertension,
Nether- increased risk  disease 50; 20-40 ischaemic diabetes mellitus, and vascular
lands?? of such attacks disease; levels of low density
disease, lipoprotein cholesterol and high
secondary density lipoprotein cholesterol;
analysis of systolic and diastolic blood
clinical trial pressure; glucose level; body
massindex; and C reactive protein
Go 2009, Atrial Modification 260 7690; 2499; 60;48; 72 (64t078); 637 8 Thromboem- Age, sex, race/ethnicity, Good
USA?3 fibrillationat  of dietin (reference); 1338 52 76 (70 to 82); bolic events, educational attainment, annual
entry renal 4510 59; <45 78 (73 to 83) 94% were income status, previous
disease ischaemic ischaemic stroke, heart failure,
stroke diabetes mellitus, hypertension,
and coronary artery disease
Irie 2006, General, men; Modification Men:2100 Men: 7082, Men: 61 Men: 84, 10 Fatal stroke  Age, hypertension category, Fair
Japan®* general, of dietin (reference), 23 858,824. 100 for 363, 44. cigarette smoking, alcohol intake,
women renal 60t099,¢60. Women: 10 all Women: diabetes mellitus, sex-specific
disease Women: 554,48 041, group- 53, 365, fifths of serum total cholesterol
2100 2073 S. 76 level, serum high density
(reference), Wo- lipoprotein cholesterol level, body
6010 99, <60 men: 0 mass index, and urinary protein
forall
groups
Kokubo2009, General Modification 290 2415; 2452; 47 56 65;99; 36; 11.7  All stroke Age, sex, body mass index, Good
Japan25 of diet in (reference); 387;124 13 (ischaemic smoking, alcohol consumption,
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eGFR Mean (SD) or
Equationto  groups (ml/ No of median Follow-
Study, Study calculate min/1.73 partici- % (range) age No of up Study
country population eGFR m2) pants men (years) strokes (years)  End points Adjusted variables quality
renal 60to 89; 50 and and presentillness (hypertension,
disease to 59; <50 haemorrha-  diabetes mellitus, and
gic recorded hypercholesterolaemia)
separately)
Koren- Morag  Coronary heart Modification >60 5345;1340 91;79 58(7);65(4)  207;80  4.8t08.1 Ischaemic Age, sex, systolic blood pressure, Good
2006, Israel’®  disease but of diet in (reference); stroke and diabetes mellitus, level of
not stroke at  renal <60 transient triglycerides, high density
entry, disease and ischaemic lipoprotein level, New York Heart
secondary Cockcroft- attacks Association functional class, body
analysis of Gault mass index, peripheral artery
clinical trial disease, current smoking status,
antiplatelets, antihypertensive
and lipid modifying drugs
Kurth 2009,  General, Modification 290 14 979; oforall  54(0.1);55 197;111; 12 All stroke Age, systolic blood pressure, Good
USA?” female health  of dietin (reference); 8073;3572; groups (0.1); 57 (0.1); 50; 31 antihypertensive treatment,
professionals, renal 7510 89; 60 1315 57 (0.2) smoking, body mass index,
no disease to 74; <60 alcohol, exercise, total cholesterol
cardiovascular level, C reactive protein, use of
disease at hormone replacement therapy,
entry, diabetes mellitus, and assigned
secondary treatments
analysis of
clinical trial
Nakayama General Cockeroft- »70 555; 1246; 42;35; 55(9);65(7); 15;77;20 7.8 All stroke Age, sex, systolic blood pressure, Good
2007,)apan®® Gault (reference); 176 35 76 (7) body mass index, smoking status,
4010 70; <40 use of antihypertensive drugs,
history of cardiovascular disease,
hypercholesterolaemia, and
diabetes mellitus
Nickolas General, not Cockcroft- 260 2353; 945 37 63 201 6.5 All stroke Age, sex, education, Good
2008, USA*?®  stroke atentry  Gault (reference); hypertension, low density
15t0 59 lipoprotein cholesterol level,
diabetes mellitus, prevalent
cardiac disease, smoking, and
alcohol consumption
Ninomiya General, data  Modification 290 7206; 14  39;56; 58 (12) 84; 404; 7.4 All stroke Age, sex, cohort, systolic blood Fair
2008,Japan® from 10 of diet in (reference);  003; 1875 5 104 pressure, diabetes mellitus, total
community- renal 60 to 89; <60 cholesterol level, body mass
based cohort  disease index, and current smoking status
studies
Perkovic Stroke, Cockcroft- 260 4314;1757 75;55 61(9);70(8)  460; 264 4 All stroke Age, sex, smoking status, Good
2007, secondary Gault (reference); diabetes mellitus, systolic blood
multicoun- analysis of <60 pressure, body mass index, active
tries>® clinical trial versus placebo therapy, and
single versus dual agent therapy
Perticone Postmenopau- Modification 260 1071; 429 0;0 53 (6); 53 (6) 41; 24 6 All stroke Age, smoking (former or never Fair
2009, Italy’*  salwomen, no of dietin (reference); smokers, current smokers),
cardiovascular renal <60 cholesterol level, systolic blood
disease or disease pressure, fasting glucose level,
diabetes body mass index, menopause,
mellitus at and metabolic syndrome
entry
Ruilope 2001, Hypertension  Cockcroft- »60 15770; 57;30 60(7);68(7)  211;77 3.8 All stroke Achieved diastolic and systolic Good
Multicoun- cohort, Gault (eference); 2821 blood pressure, age, gender,
tries>2 secondary <60 smoking habits, previous
analysis of cardiovascular disease, diabetes
clinical trial mellitus, and total cholesterol
Ruilope 2007, Hypertension  Modification 260 9214;5999 67;44 65(8); 70 (8) 603 4.6 All stroke Age, sex, coronary heart disease, Good
multicoun- cohort, of diet in (reference); and left ventricular hypertrophy
tries> secondary renal 60
analysis of disease and
clinical trial Cockcroft-
Gault
Shilipak Postmenopau- Cockcroft- »60 1306; 1135; Oforall 66 (7) 70;93; 51 4.1 All stroke Age; race; hypertension; diabetes Good
2001, USA**  sal women Gault (reference); 322 groups and mellitus; tobacco use; previous
with coronary 40to 60; <40 transient coronary artery bypass surgery;
heart disease, ischaemic body mass index; waist to hip
secondary attacks ratio; levels of low density
analysis of lipoprotein cholesterol, high
clinical trial density lipoprotein cholesterol,

triglyceride, and lipoprotein(a);
physical activity; lipid lowering
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eGFR Mean (SD) or
Equationto  groups (ml/ No of median Follow-
Study, Study calculate min/1.73 partici- % (range) age No of up Study
country population eGFR m2) pants men (years) strokes (years)  End points Adjusted variables quality
drug use; diuretic use; and atrial
fibrillation
Tonelli 2006, History of Modification 260 2839;707 89;75 58 (50 to 64); 71;28 5 All stroke Age, sex, ethnic origin, smoking  Good
USA and myocardial of dietin (reference); 65 (59 to 70) status, diabetes mellitus, waist to
Canada® infarction, renal 60 hip circumference ratio, fasting
secondary disease glucose level, haemoglobin
analysis of concentration, albumin, low
clinical trial density lipoprotein and high
density lipoprotein cholesterol
levels, triglyceride levels, systolic
and diastolic blood pressure,
country of treatment (US v
Canada), left ventricular ejection
fraction, and use of drugs (3
blockers, angiotensin converting
enzyme inhibitors, aspirin, or
pravastatin)
Weiner 2004, Combined four Modification 260 20970; 44; 33 56 (11); 68 587; 125 10 All stroke Age, sex, hypertension, diabetes  Fair
USA3® population of diet in (reference); 1664 11) mellitus, systolic blood pressure,
studies renal 15t0 59 body mass index, total and high
(Atherosclero-  disease density lipoprotein cholesterol
sis Risk in level, current smoking status,
Community current alcohol use, left
Study, ventricular hypertrophy, high
Cardiovascular school graduation status, and
Health Study, race
Framingham
Heart Study,
and
Framingham
Offspring
Study)
Yang 2008, Diabetic Modification 2115 6969 46 57 314 5.4 Ischaemic Age; sex; systolic and diastolic Fair
China®” population of diet in (reference); stroke blood pressure; haemoglobin A;;
without stroke  renal 60t0 114.9; body mass index; haemoglobin
at entry disease 60 concentration; white blood cell
count; levels of high density
lipoprotein, low density
lipoprotein, total cholesterol, and
triglyceride; and drug use (blood
pressure lowering, cholesterol
lowering, insulin, antiplatelet,
angiotensin converting enzyme
inhibitor, and angiotensin Il
antagonist)
eGFR=estimated glomerular filtration rate.
RESULTS Follow-up ranged from 3.2* to 15 years.”’ Glomerular

The literature review identified 83 full articles for
detailed assessment, of which 53 were excluded for
having no multivariate adjusted stroke estimate, six
for being duplicated studies, and three for having a ret-
rospective cohort design. Our final primary analysis
included 21 articles derived from 33 prospective
studies'®®®: 14 articles assessed eGFR <60 ml/min/
1.73 m® only and seven assessed both <60 ml/min/
1.73 m* and 60-90 ml/min/1.73 m? (fig 1). The table
shows the characteristics of the included studies. Over-
all, 284 672 participants had a total of 7863 stroke
events. Among the 21 articles, one contained 10 com-
munity cohorts from Japan®® and the other four com-
munity cohorts from the United States.* Participants
were derived from ordinary cohorts in 13 articles and
clinical trials in eight. On a scale of 8 the overall quality
of studies was good (median score 7, range 5-8).

BMJ | ONLINE FIRST | bmj.com

filtration rate was estimated by the modification of diet
inrenal disease equationin 15 articles and by the Cock-
croft-Gault equation in six. Nineteen articles reported
fatal plus non-fatal stroke as a primary end point,
whereas two reported fatal stroke as a primary end
point.?** One study used thromboembolic events as
a primary end point, but ischaemic stroke constituted
over 94% of total thromboembolic events.?* Transient
ischaemic attacks were only included as end points in
three studies. 22203+

Main outcome

Pooling results from the random effects model showed
that incident stroke increased among patients with an
eGFR <60 ml/min/1.73 m? (relative risk 1.43, 95%
confidence interval 1.31 to 1.57, P<0.001; fig 2). The
risk of incident stroke did not, however, increase
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significantly among patients with an eGFR of 60-
90 ml/min/1.73 m* (1.07, 0.98 to 1.17, P=0.15; fig 2).
Significant heterogeneity existed between estimates

Study Risk ratio Weight Risk ratio
(inverse variance, (%) (inverse variance,
eGFR <60 ml/min/1.73 m2 v reference random, 95% Cl) random, 95% Cl)
Bax 2008'® —_— 2.3 1.90 (1.21t0 2.99)
Bos 2007"° e 4.6 1.22(1.02to 1.46)
Cheng 2008%° —_— 2.8  2.16 (1.46t03.18)
Deo 2008% e 3.1 0.85(0.60to 1.20)
Ford 2009*?2 - 4.2 1.03(0.82t01.29)
Ford 2009*2? — 3.8 0.97 (0.74 to 1.26)
Ford 2009*?? e 3.1 1.20(0.85t01.69)
Go 2009*% . 4.6 1.16 (0.97 to 1.38)
Go 2009*%3 —- 4.5 1.39(1.15t0 1.67)
Irie 2006 (men)?* —_ 3.3 1.98 (1.44t02.71)
Irie 2006 (women)?* —_ 3.5 1.85(1.37 to 2.50)
Kokubo 2009*?° — 3.1 1.94(1.38t02.73)
Kokubo 2009*2° o 2.4 2.19 (1.411t03.39)
Koren-Morag 2006%° — 4.0  1.53(1.21t0 1.94)
Kurth 2009%7 — 3.3 1.03(0.75t01.41)
Nakayama 2007*?8 —_ 2.4 1.90 (1.22t0 2.96)
Nakayama 2007*%8 e 1.9  3.10(1.80t0 5.35)
Nickolas 2008%° — 3.6 1.43(1.08'to 1.90)
Ninomiya 2008%° — 3.5  1.41(1.05to 1.89)
Perkovic 20078 fa 4.7 1.21(1.03to 1.43)
Perticone 2009°* - 43 1.46(1.18t0 1.81)
Ruilope 2001°? —— 3.8 1.50(1.15t0 1.95)
Ruilope 2007%3 t— 4.6 1.15(0.97 to 1.37)
Shlipak 2001*3* o 3.4 1.31(0.97t01.78)
Shlipak 2001*>* — 3.0 2.03(1.41t02.91)
Tonelli 2006°° +— 3.3 1.25(0.91t01.72)
Weiner 20043° — 4.5 1.17 (0.97 to 1.41)
Yang 2008*>7 _— 1.8 2.81(1.59t0 4.97)
Yang 2008**7 —_— 2.6 2.12(1.40t03.22)
Total (95% Cl) ¢ 100.00 1.43 (1.31to 1.57)
Test for heterogeneity: 12=0.04, ¥°=89.60,
df=28, P<0.001, 1’=69%
Test for overall effect: z=7.70, P<0.001
eGFR 60-90 ml/min/1.73 m2 v reference
Bax 2008'® — 3.5  1.00 (0.65t0 1.55)
Cheng 2008%° — 5.2 0.95(0.68t01.33)
Irie 2006 (men) 12 e 5.9  1.06 (0.78 to 1.44)
Irie 2006 (men)t2* —a— 7.8 1.09 (0.86 t0 1.39)
Irie 2006 (men)t2* —— 7.7 1.01(0.79to 1.29)
Irie 2006 (men) 12 e 6.5 1.22(0.92t01.62)
Irie 2006 (women)t2* — 4.2 1.00(0.68 to 1.48)
Irie 2006 (women)t2* e 6.9 1.20(0.92t01.57)
Irie 2006 (women)t2* —- 7.0 1.05(0.80t01.37)
Irie 2006 (women)t2* — 6.0 0.97(0.72t01.31)
Kokubo 2009%° —_ 6.6 1.04(0.791t01.38)
Kurth 200912’ — 9.0 0.90(0.73t01.11)
Kurth 2009t%” o 6.9 0.74(0.57 t0 0.97)
Ninomiya 2008%° — 8.3  1.24(0.99t0 1.56)
Yang 2008t>’ —— 41 1.50(1.01t0 2.23)
Yang 2008t>’ —_ 4.4 1.77 (1.22t0 2.58)
Total (95% Cl) » 100.00 1.07 (0.98 to 1.17)
Test for heterogeneity: 12=0.01, ?=24.05,

df=15, P=0.06, 1’=38%
Test for overall effect: z=1.43, P=0.15

0.1 0.2

Protective
against stroke

05 1 2 5

Excess risk
of stroke

Fig 2| Risk ratio for association of estimated glomerular filtration rate (eGFR) and risk of stroke
in prospective cohort studies. *Subgroups of estimates with eGFR <60 ml/min/1.73 m.
tSubgroups of estimates with eGFR 60-90 ml/min/1.73 m?
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among patients with an eGFR <60 ml/min/1.73 m*
(P<0.001, I’=69%) but not among those with an
eGFR of 60-90 ml/min/1.73 m? (P=0.06, I>=38%).
The estimates were similar between the fixed effects
model and random effect model.

Subgroup analyses

An eGFR <60 ml/min/1.73 m? was associated with an
increased risk of subsequent stroke in all subgroups
when estimates were stratified by eGFR reference
group, study population type, study design, ethnicity,
duration of follow-up, number of participants, equa-
tion used to determine eGFR, end points, sex, stroke
subtype, different eGFR intervals <60 ml/min/1.73
m?, study quality, and level of adjustment (fig 3). Sig-
nificant heterogeneity between pooled analyses were
noted for studies using an eGFR >60 ml/min/1.73 m?
as the normal reference compared with studies using
>90 ml/min/1.73 m? as normal (1.29, 1.18 to 1.41 »
1.82, 1.53 to 2.16, P for heterogeneity among sub-
groups <0.001), cohort studies compared with clinical
trials (1.59, 1.40 to 1.81 » 1.25, 1.13 to 1.38, P<0.01),
Asians compared with non-Asians (1.96, 1.73 to 2.23 v 1.26,
1.16 to 1.35, P<0.001), fatal compared with fatal plus
non-atal stroke (1.97, 1.63 to 2.38 » 1.38, 1.26 to 1.51,
P<0.001), eGFR 40-60 ml/min/1.73 m?» <40 ml/min/
1.73 m* (1.28, 1.04 to 1.56 v 1.77, 1.32 to 2.38, P<0.01),
and good study quality compared with fair study quality
(1.35,1.23 to 1.49 v 1.62, 1.33 to 1.97, P=0.01).

A total of 11 studies reported adjusted estimates of
the strength of the association, first by age and sex then
by other known cardiovascular risk factors—for exam-
ple, blood pressure, smoking, lipids levels, diabetes.
The overall age and sex adjusted summary estimate
was 1.64 (95% confidence interval 1.45 to 1.85),
which after further adjustment of other known cardio-
vascular risk factors was reduced to 1.45 (1.26 to 1.68;
P for heterogeneity among subgroups 0.01).

Otherwise no obvious heterogeneity found between
baseline risk populations (general or hypertension
only v high cardiovascular risk), duration of follow-
up, number of participants, equation used to determine
eGFR, stroke subtypes, and sex. Based on the few
papers that provided information on the interaction
between proteinuria and eGFR, proteinuria did not
substantially increase the risk of stroke in patients
with an eGFR of <60 or >60 ml/min/1.73 m? (fig 4).

Publication bias

The funnel plots showed no major asymmetry except
for a small degree of publication bias, with a slight
under-representation of small studies showing neutral
or unexpected protective effects (see web extra fig 2).

DISCUSSION

In this meta-analysis of 21 articles derived from 33 pro-
spective studies of generally good quality, among over
280000 people experiencing almost 8000 stroke
events, we found that patients with a baseline estimated
glomerular filtration rate (¢GFR) of <60 ml/min/1.73
m? had arisk of future stroke that was 43% greater than
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Subgroups

References of eGFR (ml/min/1.73 m?)

eGFR»60
eGFR»>90
Study population
General or hypertension only

High risk of cardiovascular disease

Study design
Ordinary cohorts
Analysis of trials

Ethnicity
Asians
Non-Asians

Follow-up duration
<7 years
>7 years

No of participants
<10 000
>10 000

Equation

Modification of diet in renal disease

Cockcroft-Gault
End points
Fatal stroke
Fatal and non-fatal stroke
Stroke subtypes
Ischaemic
Haemorrhagic
Sex
Men
Women
Degree of renal insufficiency
eGFR 40-60 ml/min/1.73 m?
eGFR <40 ml/min/1.73 m?
Study quality
Good
Fair
Level of adjustment
Age and sex
Multivariate

No of Risk ratio Risk ratio P value for
studies (95% CI) (95% CI) heterogeneity
14 = 1.29 (1.18 to 1.41)
<0.001
7 = 1.82(1.53t02.16)
10 - 1.58 (1.36 t0 1.84)
0.12
11 - 1.34(1.20 to 1.50)
13 - 1.59 (1.40t0 1.81)
<0.01
8 - 1.25(1.13t0 1.38)
6 - 1.96 (1.73t0 2.23)
<0.001
14 - 1.26 (1.16 to 1.35)
12 - 1.35 (1.20t0 1.52)
0.11
9 - 1.55 (1.34 to 1.80)
13 - 1.47 (1.29t0 1.67)
0.61
8 - 1.39(1.22t0 1.59)
15 - 1.41 (1.26 t0 1.58)
0.80
8 - 1.44 (1.26 t0 1.66)
2 - 1.97 (1.63 t0 2.38)
<0.001
19 - 1.38 (1.26 to 1.51)
6 —— 1.98 (1.47 t0 2.66)
0.10
3 I 1.87 (0.98 t0 3.59)
3 —— 1.74 (1.28 t0 2.35)
0.36
. 1.62 (1.36 t0 1.93)
5 - 1.28 (1.04 to 1.56)
<0.01
5 —-— 1.77 (1.32t0 2.38)
13 - 1.35(1.23 to0 1.49)
0.01
8 — 1.62(1.33t01.97)
11 . 1.64 (1.45t0 1.85)
0.01
11 o 1.45 (1.26 t0 1.68)
0.1 1 10
Protective Excess risk
against stroke of stroke

Fig 3| Subgroup analyses for comparison between studies reporting associations of estimated
glomerular filtration rate (eGFR) <60 ml/min/1.73 m? with risk of stroke
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those with a normal baseline eGFR. This relation was
consistent across diverse population subgroups—that
is, those with or without traditional cardiovascular
risk factors. The size and inclusion of only prospec-
tively collected data strengthened the robustness of
our findings, as selection bias, recall bias, and reverse
causality were unlikely. In addition, all studies
included in our meta-analysis reported a multivariate
adjusted relative risk, which probably mitigated the
possibility of known confounding influencing our
results.

We used subgroup analyses to assess the varying
influence of several factors on the association between
eGFR <60 ml/min/1.73 m? and risk of stroke. The

magnitude of risk was larger when studies used an
eGFR >90 ml/min/1.73 m® as reference compared
with >60 ml/min/1.73 m?, which raised the possibility
that an eGFR of 60-90 ml/min/1.73 m® may increase
the risk of stroke compared with an eGFR >90 ml/
min/1.73 m®. Our formal meta-analysis did not, how-
ever, show significantly increased risk of incident stroke
among patients with an eGFR of 60-90 ml/min/1.73 m*
The explanation could be that such a rate is not sensitive
enough as a marker of kidney disease to discriminate risk
of stroke. We did, however, find a possible dose-response
relation between eGFR and stroke at levels <60 ml/min/
1.73 m*—that is, the risk of stroke was significantly
greater for eGFR <40 ml/min/1.73 m* than for levels
of 40-60 ml/min/1.73 m>.

A meta-analysis based on observational studies can-
not prove causality. However, based on these results it
may not be unreasonable to regard the presence of a
low eGFR as a marker for increased risk of stroke,
prompting optimal application of established vascular
risk reduction strategies such as control of blood pres-
sure, statin use, and antiplatelet therapy.”

Interestingly we found that Asian people with a low
baseline eGFR seemed to be at higher risk of future
stroke. Indeed, in Asian populations, hypertension is
a major risk factor of both stroke and death from renal
causes,”*’ chronic kidney disease further increases the
association of blood pressure with stroke,” and meta-
analysis showed that the risk of stroke associated with
hypertension is consistently and significantly greater in
Chinese than in white people.*' Furthermore, it has
been suggested that Asian people tend to develop
hypertension at earlier ages than other races,*” and it
is conceivable that a longer history of hypertension
may cause more profound damage of end organs and
vessels thereby leading to a higher likelihood of vascu-
lar events within a given study period. A systematic
review that linked reduced eGFR with increased risk
of coronary heart disease was only among participants
in Western countries and so did not have the means of
exploring this issue.” Although most of the studies we
analysed adjusted for hypertension or blood pressure,
none adjusted for the duration of hypertension,
thereby limiting the extent to which we could fully
adjust for hypertension as a confounder. As such, this
potential disparity between races will need to be more
comprehensively explored in future studies.

We also observed that the effect of reduced eGFR
was more profound on the risk of fatal stroke than on
all strokes, which probably points to the association of
compromised kidney function with risk factors for gen-
erally poor clinical outcomes such as oxidative stress,
widespread inflammation, electrolyte derangements,
procoagulation, and presence of uraemic toxins.’ In
fact, kidney disease even of mild severity has been
shown to be an independent predictor of poorer clin-
ical outcomes among people with stroke, including
higher risk of all cause mortality and cardiovascular
mortality.**** Also of note, the presence of albuminuria
did not substantially further increase the risk of stroke
among patients with a baseline eGFR of <60 or
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Study Risk ratio Weight Risk ratio
(inverse variance, (%) (inverse variance,
random, 95% CI) random, 95% CI)
eGFR »60 ml/min/1.73 m2with albuminuria
Nakayama 200728 18.8 0.70 (0.36 t0 1.37)
Ruilope 2007°3 44.0 0.84 (0.66 t0 1.08)
Tonelli 2006°° 37.2 1.33(0.95t0 1.86)
Subtotal (95% Cl) 100.00 0.97 (0.67 to 1.39)
Test for heterogeneity: 12=0.06, ?=5.51,
df=2, P=0.06, 1’=64%
Test for overall effect: z=0.19, P=0.85
eGFR <60 ml/min/1.73 m2 without albuminuria
Nakayama 200728 —a— 32.8 1.70 (1.08 t0 2.67)
Nakayama 200728 - 28.2  2.90 (1.66 t0 5.07)
Tonelli 2006°° - 39.0 1.25(0.91to 1.72)
Subtotal (95% Cl) - 100.0 1.75(1.10t02.78)
Test for heterogeneity: t>=0.12, 3?=6.75,
df=2, P=0.03, I’=70%
Test for overall effect: z=2.38, P=0.02
eGFR <60 ml/min/1.73 m2with albuminuria
Nakayama 200728 —a— 31.4 3.30(1.91t05.71)
Nakayama 20072% e 27.3 2.10(1.13 to 3.90)
Tonelli 2006°° —a— 413 1.66(1.10 t0 2.50)
Subtotal (95% CI) - 100.0 2.20 (1.45to 3.33)
Test for heterogeneity: 1?=0.07, 3°=3.88,
df=2, P=0.14, 1’=48% 0.1 02 05 1 2 10
Test for overall effect: z=3.70, P<0.001 Protective Excess risk
against stroke of stroke

Fig 4| Interaction between estimated glomerular filtration rate (eGFR) and albuminuria, using
groups with eGFR 60 ml/min/1.73 m? without albuminuria as reference

>60 ml/min/1.73 m?. Our result should be interpreted
with caution, however, as it was based on just three
studies and the rate of albuminuria is low in people
without diabetes. A recent meta-analysis showed that
compared with people without albuminuria or a low
eGFR, those with either condition had a higher risk
of cardiovascular death and those with both conditions
had the highest risk of cardiovascular death.® Further-
more, meta-analyses have shown that albuminuria was
independently associated with a higher risk of stroke
even when the included studies had adjusted for eGFR
or serum creatinine level.**

WHAT IS ALREADY KNOWN ON THIS TOPIC

Most patients with an estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m? die of
cardiovascular causes and not progression to end stage renal disease

Arecent meta-analysis showed that an eGFR <60 ml/min/1.73 m? was associated with all
cause and cardiovascular mortality in the general population

WHAT THIS STUDY ADDS

People with a baseline eGFR <60 ml/min/1.73 m* had an independent risk of future stroke
that was 43% greater than those with a normal baseline eGFR

Adose-response relation between eGFR <60 ml/min/1.73 m?and risk of stroke was observed,
with risk of stroke being significantly greater for levels <40 ml/min/1.73 m? compared with
40-60 ml/min/1.73 m?

Asian patients with an eGFR <60 ml/min/1.73 m? were at higher risk of stroke than people of
non-Asian ethnicity
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Limitations of this meta-analysis

Limitations of this meta-analysis must be considered.
Firstly, meta-analyses may be biased if the literature
search fails to identify all relevant studies or the selec-
tion criteria for including a study are applied in a sub-
jective manner. To minimise these risks we carried out
thorough searches across different databases using
explicit criteria for study selection, data abstraction,
and data analysis. Secondly, compared with studies of
good quality, those of fair quality showed a stronger
association between reduced eGFR and stroke. When
we restricted analysis to good quality studies, the esti-
mate of association slightly decreased. Thirdly, a large
amount of heterogeneity was observed in the results of
the various studies. Although subanalyses were done
to identify this, heterogeneity persisted in many sub-
groups, suggesting that other factors might explain
this result. Meta-regression by average baseline
eGFR and other variables could have been a better
way of exploring potential sources of heterogeneity.
However, most included articles did not provide aver-
age baseline eGFR in each eGFR category, which pre-
vented us from exploring further. In those studies that
provided both age and sex adjusted and multivariate
unadjusted estimates, the association between reduced
eGFR and stroke was slightly, but significantly, attenu-
ated after further adjustment. Such an attenuation in
effect size suggests that residual confounding may
have remained and that the summary result presented
here may be a slight overestimation of the true magni-
tude of the association between reduced eGFR and risk
of stroke. Despite these limitations, the results of this
systematic review represent the most precise and accu-
rate estimate of the strength of the relation between
reduced eGFR and incident stroke currently available.

Implications
Our formal meta-analysis found a significant associa-
tion between eGFR <60 ml/min/1.73 m® and
increased incident stroke across various populations,
after adjustment for established cardiovascular risk fac-
tors. None the less, these results possibly underesti-
mated the magnitude of this relation because a
reduced eGFR often simultaneously exists with several
traditional and novel vascular risk factors. Of major
public health interest were our findings that Asian
patients with a low eGFR were at higher risk for stroke
than their non-Asian counterparts, that below an eGFR
level of 60 ml/min/1.73 m* a dose-response relation
with risk of stroke might exist, and that fatal strokes
were especially associated with low baseline eGFR.
At this juncture, alow baseline eGFR should be seen
simply as a risk marker. Established evidence based
strategies already proved to mitigate vascular risk,
such as reduction of blood pressure, when promptly
and appropriately applied are likely to avert future
strokes in people with renal insufficiency. Specific
patient subgroups with a low eGFR, such as people of
Asian race, may particularly benefit.

We thank Yueh Lee for retrieving the papers.
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