SUPPLEMENTARY MATERIALS

APPENDIX

Proteinuria as an Independent Predictor of Stroke: Systematic Review and Meta-analysis.

Abbreviations:

AAA, abdominal aortic aneurysm; ACE, Angiotensin Converting Enzyme inhibitor; ACR, albumin:creatinine ratio;
AF, atrial fibrillation; AR, aortic regurgitation; A2RB, Angiotensin 2 Receptor Blocker; BMI, body mass index;
BMS, bare metal stent; Ca, calcium; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCF,
congestive cardiac failure; CEA, carotid endarterectomy; CLD, chronic liver disease; COPD, chronic obstructive
pulmonary disease; CRP, C Reactive Protein; CVA, cerebrovascular accident; CVD, cardiovascular disease; DAPT,
dual anti-platelet therapy; DBP, diastolic blood pressure; DM, diabetes mellitus; ECG, electrocardiograph; ETOH,
alcohol; GFR, glomerular filtration rate; Hb, haemoglobin; HDL, high density lipoprotein; HIV, Human
Immunodeficiency Virus; HRT, hormone replacement therapy; HTN, hypertension; IHD, ischaemic heart disease; IS,
ischaemic stroke; LAD, left anterior descending artery; LDL, low density lipoprotein; LVEF, left ventricular ejection
fraction; LVH, left ventricular hypertrophy; MDRD, Modification of Diet in Renal Disease; MI, myocardial
infarction; NIHSS, National Institute of Health Stroke Scale; NSAIDs, Nonsteroidal anti-inflammatory drugs; NYHA,
New York Heart Association; PCI, percutaneous coronary intervention; PCR, protein:creatinine ratio; PP, pulse
pressure; PVD, peripheral vascular disease; Rx, treatment; SBP, systolic blood pressure; SD, standard deviation; SES,
socio-economic status; STS score, Society of Thoracic Surgery score; TAVI, transcatheter aortic valve implantation;
TC, total cholesterol; TE, thromboembolic; TG, triglyceride; TIA, transient ischaemic attack.
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Appendix Table 1. Search strategies

MEDLINE

1. Kidney Diseases/

2. exp Renal Replacement Therapy/

3. Renal Insufficiency/

4. exp Renal Insufficiency, Chronic/

5. dialysis.tw.

6. (hemodialysis or haemodialysis).tw.

7. (hemofiltration or haemofiltration).tw.

8. (hemodiafiltration or haemodiafiltration).tw.

9. (end-stage renal or end-stage kidney or endstage renal or endstage Kidney).tw.

10. (ESRF or ESKF or ESRD or ESKD).tw.
11. (chronic kidney or chronic renal).tw.
12. (CKF or CKD or CRF or CRD).tw.
13. (CAPD or CCPD or APD).tw.

14. (predialysis or pre-dialysis).tw.

15. or/1-14

16. exp Stroke/

17. Brain ischemia/

18. Cerebral Small Vessel Diseases/

19. Intracranial Hemorrhages/

20. stroke.tw.

21. (CVA or TIA).tw.

22. or/16-21

23. and/15,22

24. albuminuria/

25. proteinuria/

26. (proteinuria or albuminuria).tw.

27. or/24-26

28. or/15,27

29. and/22,28

Embase

1. kidney disease/

2. exp renal replacement therapy/

3. dialysis.tw.

4. (CKF or CKD or CRF or CRD).tw.
5. (end?stage kidney or end?stage renal).tw.
6. (chronic kidney or chronic renal).tw.
7. exp cerebrovascular accident/

8. brain hemorrhage/

9. brain infarction/

10. stroke.tw.

11. exp proteinuria/

12. albuminuria/

13. (proteinuria or ?albuminuria).tw.
14. or/1-6

15. or/7-10

16. or/11-13

17.or/14, 16

18. and/15, 17




Appendix Table I1. Characteristics of included studies

Study Design, Size, Mean or GFR Albuminuria  Stroke type(n) Follow-up  Other stroke Adjustment
reference, population, (% men) medianage  (ml/min/1.73m?)  (category) (Classification) (months)  characteristics (Hypertension)
l(\j?gumr;try, ethnicity (rilr?g(;; Formula Measurement
(Refer‘ence) Reference: Reference:
range(n) range (n)
Comparison: Comparison:
range (n) range (n)
Aguilar 2010, Cohort, 3,205, 78.5 (4.8) MDRD ACR Unspecified (26) 104.4 Incident Age, sex, race, BMI,
USA, No cerebrovascular (39) Reference: Reference: Ischaemic (316) Fatal or non-fatal  smoking,
Cardio-vascular  disease, >60 (unknown) None (2,630) Haemorrhagic hypertension, diabetes,
Health Study, 17% Black. Comparison: Comparison: (48) LVH, AF, internal
@ <60 (unknown) Micro (560) carotid artery stenosis
Macro (15) >75%, SBP, DBP
Any (575)
(Categorical/Continuo
us variables - >140/90
or physician’s
diagnosis + use of Rx,
SBP, DBP — average
over 4-7 years)
Bello 2011, Cohort, 1,023,686, 48.7 (16.6) MDRD Dipstick, ACR  Unspecified 35 Incident or Age, sex, diabetes,
Canada, (2) 7% diabetics, 3% (45) Reference: Reference: (4,692) recurrent SES, previous
cerebrovascular disease, >60 (820,571) None Fatal or non-fatal  malignancy, CVA,
22.3% HTN. Comparison: (913,830) CCF, COPD,
Unknown ethnicity. 45-60 (79, 845) Comparison: dementia, HIV, IHD,
30-45 (16,713) Micro chronic liver disease,
15-30 (3,856) (91,774) PVD, HTN.
Macro
(18,082) (Categorical variable
— history of HTN)
Da Costa 2017,  Cohort 1048 (27.7) 70.6 (11.3) CKD-Epi UAER Unspecified (90) 90 Incident Age, sex, DM,
Brazil, (3) 100% resistant HTN. Reference: Reference: Fatal or non-fatal ~ smoking, HDL-C, TG,
47.5% DM, 24.2% >60 (637) <30 (701) LVMI, HF, PVD,
CAD, 15.7% previous Comparison: Comparison: uncontrolled
stroke, 9.7% smoking. 30-59 (363) >30 (347) ambulatory BP & non-
<30 (48) dipping pattern.4




(Categorical variables:
Uncontrolled ABPM =
mean 24h >130/80, &

non-dipping pattern)

De Leeuw RCT, 4,658, 70 (6.6) Serum Creatinine  Dipstick Unspecified (129) 24 Incident Active treatment, sex,
2002, Inclusion criteria: (33) Per 20 pumol/I Reference: Fatal or non-fatal  age, systolic blood
Multinational, isolated systolic increase None (4,225) pressure smoking,
Syst-Eur trial, hypertension, age>60. Comparison: previous
4 Intervention: Ca-channel Micro (324) cardiovascular disease,
blocker +/- ACE Macro (109) diabetes
Control: Placebo
11% diabetics, 30% (Continuous/categoric
previous cardiovascular al variables — on Rx,
disease, SBP — 6 readings in 1-
Unknown ethnicity. month run-in)
Fuller 2001, Cohort, 4,743, 46.4 (5.8) ACR Unspecified (293) 144 Incident or Age, duration of DM,
Multinational, 100% diabetics, (49) Reference: recurrent SBP, serum
WHO Unknown ethnicity None Fatal or non-fatal  cholesterol, smoking
multinational (unknown) status, proteinuria,
study of Comparison: retinopathy, & ECG
vascular disease Micro abnormalities.
in diabetes, (5) (unknown);
Macro (Categorical/continuou
(unknown) s variables -
Hypertension = SBP
>140 or DBP>90 or on
treatment)
Go 2009, Cohort, 13,535, 71.6 MDRD Dipstick Ischaemic (637) 96 Incident or Age, sex, race, SES,
USA, (6) 17% diabetics, 9% (57) (unknown) Reference: Reference: recurrent educational
cerebrovascular disease, >60 (13,535) None Fatal or non-fatal  attainment, prior
59% other vascular Comparison: (unknown) ischaemic stroke,
disease. 100% AF, 45-60 (7,746) Comparison: CCEF, diabetes,
86% White, 4% black, <45 (5,789) Macro hypertension, IHD
5% Asian. (unknown)

(Categorical variable -
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Hypertension
identified from
outpatient sources.)

Hagg 2013, Cohort, 4,083, (52) 37.4(11.8) UAER Ischaemic (286) 108 Incident Age, sex, blood
Finland, 100% type 1 diabetics, Reference: Haemorrhagic Fatal or non-fatal ~ pressure, BMI,
FinnDianne 47% previous/current None (2482) (120). LDL/HDL cholesterol,
study, (7) smokers, 7% dialysis- Comparison: TGs, smoking
requiring ESKD. Micro (510)
Mainly white. Macro (549) (Continuous variable -
Blood pressure was
measured twice in the
sitting position with a
10-min rest before the
first measurement, and
the mean values of
these two
measurements were
calculated for both
systolic blood pressure
(SBP) and diastolic
blood pressure (DBP).)
Hitman 2007, RCT, 2838, (68) 62.1 (8.0) Dipstick or Unspecified (13)  46.8 Incident Age, sex,
UK, Inclusion criteria: Type ACR or AER  Ischaemic (47) Fatal or non-fatal  HbA1c>10%,
CARDS trial, 2 diabetes and no Reference: treatment arm, SBP.
(8) previous cardiovascular None (2144)
disease Comparison: (Continuous variable)
Intervention: Micro (694)

Atorvastatin

Control: Placebo

0.4% AF, 22% smokers,
37% BMI>30, 79.4%
HTN.




Irie 2006, Cohort, 91,432, 58.8 MDRD Dipstick Unspecified (985) 120 Incident Age, hypertension,
Japan, (9) 7% diabetics, (34) (unknown) Reference: Reference: Fatal smoking, ETOH,
Mainly Asian. >100 (17,636) None (88,438) diabetes, total
Comparison: Comparison: cholesterol, HDL
90-100(21,846) Macro (1,929) cholesterol, BMI,
80-90 (20,402) urinary protein (for
70-80 (20,461) eGFR analyses)
60-70 (8,190)
<60 (2,897) (Categorical variable —
adjusted for
hypertensive
category).
Kowey 2005, RCT, 1,513, 60 (7.4) ACR or 24 Unspecified (97) 40.8 Incident Unadjusted
Multinational, Inclusion criteria: Type  (63) hour Fatal or non-fatal
RENAAL 2 diabetes with collection
study, (10) nephropathy Reference:
Intervention: Losartan Micro (378)
Control: Placebo Comparison:
100% diabetics, 18% Macro (1,135)
smoking.
Unknown ethnicity.
Lee 2016, Cohort 295 (53.2) 67.6 (14-94) CKD-Epi UACR Ischemic (26) 22 Recurrent Age, sex, DM, HTN,
South Korea, 74.9% HTN, 28.1% Reference: Reference: SAH (1) Fatal or non-fatal ~ smoking, AF, previous
(1) DM, 25.4% smoking, >60 (239) <30 (165) stroke, alcohol Hx,
19.7% IHD. Comparison: Comparison: NIHSS score.
<60 (56) >30 (130)
(Categorical variable —
on treatment or
SBP>140 or DBP>90
on repeated exam)
Li 2015, China, Cohort 92013 (70.6) 51.8 CKD-Epi Urine dipstick  Ischaemic (1128) 48 Incident Age, sex, smoking,
(12) 43.6% HTN, 32.8% Reference: Reference: Haemorrhagic drinking, BMI, LDL-
smoking, 9% DM. >90 (30609) None (88164)  (406) C,HDL-C, TG, TC,
Comparison: Comparison: DM, HTN,
60-89 (49089) >1+(3849) hyperlipidaemia, AF.

30-60 (11801)
<30 (514)

(Categorical variable -
SBP>140 or DBP>90
or on Rx or self-
reported Hx)




Madison 2006,  Cohort, 6,252, 60.0 (0.4) Dipstick Unspecified (457) 324 Incident Age, BMI, physical
USA, 15% diabetics, no (100) Reference: Fatal or non-fatal  activity index,
Honolulu heart ~ known vascular disease, None (5802) cholesterol,
study, (13) 51.6% HTN, 35.3% Comparison: hypertension, diabetes,
smokers. Macro (69) smoking, ETOH.
100% Asian.
(Categorical variable -
Hypertension was
defined as systolic
pressure of 140 mm
Hg or higher or
diastolic pressure of 90
mm Hg or higher, or
there was documented
use of antihypertensive
agents.)
McAlister Cohort 58451 (53.2) 66 CKD-Epi Urine Unspecified 31 Incident Age, sex, aboriginal
2017, Canada, 100% AF, 64.1% HTN, Reference: dip/ACR/PCR  (5620) status, social
(14) 21.6% DM, 11.3% >60 (44217) Reference: assistance, postal code
CAD. Comparison: Neg/<3/<15 income quintile,
Unknown ethnicity. 45-59 (8046) (52132) rural/urban status,
30-44 (4264) Comparison: previous TE or
<30 (1924) Trace or 1+/ bleeding event, CHF,
3-30/15-50 HTN, DM, PVD.
(3354)
2+/>30/>50 (Categorical variable)
(2965)




Menne 2014, Cohort 1758 (48.9) 61.2 (8.4) UACR Unspecified (26)  39.6 Incident Treatment strategy
Multinational, 100% T2DM, 21.7% Reference: Fatal or non-fatal ~ (olmesartan/placebo),
ROADMAP- CAD, 15.8% smoking. None (1626) SBP, DBP, HbAlc at
OFU study, Unknown ethnicity. Comparison: baseline.
(15) 30-300 (132)
(Continuous variables)
Miettinen 1996, Cohort, 2,431, 58.1(0.2) PCR Unspecified (155) 84 Incident or Sex, age, location,
Multinational, 43% diabetics, (50) Reference: recurrent previous stroke, TC,
(16) Unknown ethnicity. None Fatal or non-fatal  HDL-C, smoking, TG,
(unknown) HTN.
Comparison:
Micro (Categorical variable —
(unknown) HTN = receiving drug
Overt treatment for
proteinuria hypertension or if
(unknown) systolic blood pressure
was >160 mm Hg or
diastolic blood
pressure was >95 mm
Hg measured in the
sitting position after a
5-minute rest.)
Mikkelsen Cohort, 962, 65.6 ACR Unspecified (38) 1 Incident or Unadjusted
2009, 100% undergoing (73) (18-93) Reference: recurrent
Denmark, (17)  elective cardio-thoracic None (782) Fatal or non-fatal
surgery, 15% DM, Comparison:
57.1% HTN, 64.6% ever Micro (180)

smoker, 15.1% previous
AF.
Unknown ethnicity




Muntner 2012,  Cohort, 20,386, 64.4 (9.2) CKD-EPI ACR Unspecified 25.2 Incident Age, race, sex,
USA, 13% smokers, 48% (46) Reference: Reference: (2,548) Fatal or non-fatal ~ geographic region,
REGARDS hypertensive, >90 (9,431) None (13,310) education, household
study, (18) 37% black Comparison: Comparison: income, smoking,
60-90 (9,053) Micro (6,844) ETOH, BMI, systolic
45-60 (1,321) Macro (440) blood pressure,
<45 (581) antihypertensive
medication use,
dyslipidemia, diabetes
and CRP
(Continuous &
Categorical variables —
SBP, on Rx)
Nagai 2014, Cohort 298148 63.2 (8.1) MDRD Urine dipstick  Unspecified 36 Incident Age, sex, BMI, HTN
Japan, (19) 26.3% HTN, 13.7% (39.7) Reference: Reference: (4426) category, smoking,
smoking. >60 (98987) Negative/trace anti-dyslipidaemia
Comparison: (284567) drugs, hyperglycemia,
<60 (19391) Comparison: hypoglycemic drugs.
>1+(13581)
(Categorical variable —
HTN categories =
normotensive,
untreated, treated,
drug-resistant.
SBP>140 or DBP>90
mmHg)
Nakayama Cohort, 2,302, Unknown Dipstick Unspecified (28) 186 Incident Age, blood pressure,
1997, 100% Asian. (42) Reference: Ischaemic (76) Fatal or non-fatal ~ Physical activity,
Japan, Micro Haemorrhagic Fundus abnormality,
Shibata study, (unknown) (38) AF, Smoking, IHD
(20) Comparison:
Macro
(unknown) (Continuous variables
- SBP, DBP, MBP)
Nakayama Cohort, 1,977, 62.9 Cockcroft Gault Dipstick Unspecified (112) 96 Incident Age, sex, systolic
2007, Mainly Asian. (37) Reference: Reference: Fatal or non-fatal ~ blood pressure, BMI,
Japan, >70 (555) Micro smoking, use of
Okashama Comparison: (unknown) antihypertensive
study, (21) 40-70 (1,246) Comparison: medication, history of
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<40 (176) Macro cardiovascular disease,
(unknown) hypercholesterolemia
and diabetes
(Categorical and
continuous variables —
SBP, use of
antihypertensive
medications)
Oliveras 2003,  Cohort, 403, 49.8 24 hour Ischaemic (12) 120 Incident or (Categorical variable -
Spain, (22) 100% renal transplant (37) (23 t0 63) collection Haemorrhagic (7) recurrent Hypertension was
recipients. Reference: Fatal or non-fatal  defined either as a
6% diabetic, 13% IHD, <1g/24 hours systolic blood pressure
64.8% HTN, 17.1% (327) of 140 mmHg or
smokers. Comparison: higher and/or diastolic
Unknown ethnicity. >1g/24 hours blood pressure of 90
(76) mmHg or higher or
cases in which
treatment for HT had
been implemented.)
Ravipati 2008, Cohort, 306, 57 (10) ACR Unspecified (31) 39 Incident Unadjusted
USA, (23) 100% diabetics or (53) Reference: Fatal or non-fatal
hypertensive. None (195)
54% White. Comparison:
Micro (111)
Ruilope 2007, RCT, 15,245, 67.2 (8.1) Cockcroft Gault ~ Dipstick Unspecified (603) 45.6 Incident or Age, sex, IHD, LVH,
Multinational, Inclusion criteria: (58) Reference: Reference: recurrent all-cause death.
VALUE trial, Hypertensive, high >60 (9,214); None (11,788) Fatal or non-fatal
(24) cardiovascular risk. Comparison: Comparison: Not adjusted for
Intervention: Valsartan <60 (5,999) Any (3,435) hypertension.

Control: Amlodipine,
89% white/4% black/4%
Asian
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Sander 2012, Cohort, 1,167 (58.1) 66 (11.9) Dipstick Unspecified (35) 12 Recurrent Age, BMI, diabetes,
Germany, 35% diabetics, 79% Reference: Fatal or non-fatal ~ SBP, total:HDL
INSIGHT HTN, 18% current None (781) cholesterol, use of
registry, (25) smokers. Comparison: ACE/ARB, Ca-
Micro (386) blockers, insulin, oral
hypoglycemic, IHD,
PAD, stroke subtype.
(Continuous variable —
SBP)
Sandsmark Cohort 3939 (55.2) 58.1 (10.9) MDRD 24h urine Unspecified (143) 76.8 Incident Age, sex, race, DM,
2015, USA, 55.2% DM, 33.9% Reference: protein SBP, hyperlipidaemia,
CRIC study, CVD, 13.4% smoking. >60 (702) Reference: smoking, alcohol use.
(26) 42.4% White. Comparison: <0.1g/24h
45-60 (1091) (1375) (Continuous variable —
30-44 (1339) Comparison: baseline SBP, single
<30 (807) 0.1-0.5 (1094) reading)
0.5-1.5 (582)
>1.5 (690)
Schrader 2006,  Cohort study, 3,529, 63 (8.3) ACR Unspecified (24) 42.5 Incident or Unadjusted
Multinational, 100% hypertensive, (43) Reference: recurrent
MARPLE Unknown ethnicity. None (1,750) Non-fatal
study, (27) Comparison:
Micro (832)
Overt
proteinuria
(118)
Tanaka 1985, Cohort, 2,299, All>40 Dipstick Ischaemic (34) 20 Incident Age
Japan, (28) Unknown ethnicity. (42) Reference:
<Macro (Continuous variables
(2,143) — SBP, DBP, MBP)
Comparison:
Macro (156)
Tebbe 2010, Cohort 2,173, 61.4 (11.3) ACR Unspecified (5) 12 Incident or Age
Germany, (29)  22.6% DM, 12.1% (48) Reference: recurrent
current smoker, 6.8% None (1,382) Non-fatal Not adjusted for
AF, Comparison: hypertension.
Unknown ethnicity. Micro (791)
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Tonelli 2005, RCT, 4,098, 59.7 MDRD Dipstick Unspecified (130) 58.9 Non-fatal Age, sex, ethnic

USA, Inclusion criteria: (86) (50-70) Reference: Reference: origin, smoking, BMI,
CARE trial, Hyperlipidemia and >60 (3,218) None (3,546) waist: hip ratio, fasting
(30) previous Ml Comparison: Comparison: glucose, hemoglobin,

Intervention: Pravastatin <60 (880) Macro (552) albumin, LDL/HDL

Control: Placebo, cholesterol,

Unknown ethnicity. TGs, systolic/diastolic
blood pressure,
location, LVEF, use of
drugs (ACEi, aspirin,
or pravastatin).
(Continuous variables
— SBP/DBP)

Valmadrid Cohort, 840, 67.9 (11.0) Agglutination  Unspecified (85) 144 Incident or Age, sex, glycemic

2000, 100% diabetics, 65.9% (45) assay recurrent control, insulin use,

USA, (31) HTN, 47.2% ever Reference: Fatal or non-fatal  ETOH use, physical
smoker. None (460) activity, history of

Unknown ethnicity. Comparison: cardiovascular disease,

Micro (208) use of antihypertensive
Overt medication, severity of
proteinuria diabetic retinopathy.
(172)

history of hypertension
(defined as systolic
blood pressure of >160
mm Hg or a diastolic
of >95 mm Hg or
taking
antihypertensive
medications).

(Categorical variable —
hypertension history or
on meds)
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Vernooij 2013,  Cohort 4319 (79.6) 65.5 (10.8) MDRD UACR Unspecified (156) 52.8 Incident Age, sex, BMI, SBP,
Netherlands, 94.3% HTN, 65.3% Reference: Reference: antihypertensive Rx,
SMART study, IHD, 36% smoking, >60 (3672) <3.0 mg/mmol T2DM, CAD.
(32) 18.3% T2DM. Comparison: (3558)
Unknown ethnicity. <60 (647) Comparison: (Categorical &
>3.0 (761) continuous variables —
on Rx, SBP)
Wagener 1994,  Cohort, 6,135, 45-74 Dipstick Unspecified (771) 192 Incident or Age, systolic blood
USA, 13% IHD, 30% 47) Reference: recurrent pressure, diabetes,
NHANES smokers, 23% HTN, None (5,952) Fatal or non-fatal ~ IHD, education,
(2/2/3), (33) 7.1% DM. Comparison: smoking
100% White. Any (183)
(Continuous variable —
SBP)
Yang 2008, Cohort, 6,969, 57 MDRD ACR Ischaemic (314) 64.3 Incident Age, sex, BMI,
Hong Kong, 100% T2DM, 19.4% (46) (46-67) Reference: Reference: Fatal or non-fatal ~ smoking,
(34) current smokers. >115 (2,622) None (4,008 ) hyperlipidemia,
Mainly Asian. Comparison: Comparison: antihypertensive
60-115 (3,704) Any (2961) medication, SBP/DBP
<60 (643)
(Continuous variables
— SBP/DBP)
Yokota 2008, Cohort, 474, (66) 70 (11) ACR Ischaemic (49) 12.8 Recurrent Sex, diabetes
Japan, (35) 100% admitted with Reference: Haemorrhagic (5) Fatal or non-fatal
stroke, 84% HTN, 31% None (309) (Not adjusted for
diabetics, 26% AF, 15% Comparison: HTN)
IHD. Micro (133)
Unknown ethnicity Macro (32)
Yuyun 2004, Cohort, 23,630, 59.0 (9.3) ACR Unspecified (85)  86.4 Incident Age, sex, smoking, use
UK, 2% diabetics, 41% (46) Reference: Ischaemic (112) Fatal or non-fatal ~ of antihypertensive
EPIC-Norfolk smokers, 13% HTN, no None (20,684) Haemorrhagic medication, systolic
study, (36) previous Comparison: (49) blood pressure, total

cerebrovascular disease.

Micro (2,749)
Macro (197)

cholesterol, diabetes,
BMI, family history of
stroke, and baseline
coronary heart disease
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(Categorical variable
[hypertension] and
continuous variable
[sbp — per SD])

Zhang 2008,
USA, (37)

Cohort,

48.8% DM, 39.2%
HTN. 33.9% current
smokers.

100% American-Indian.

4,549,
(40)

56.3 (8.0)

ACR
Reference:
None (3,084)
Comparison:
Micro (831)
Macro (464)

Unspecified (48)
Ischaemic (221)
Haemorrhagic
@37

160.8

Incident
Fatal or non-fatal

Age, sex, blood
pressure, BMI, waist
circumference,
LDL/HDL cholesterol,
TGs, physical activity,
fasting glucose,
smoking, ETOH

Hypertension was
defined by the criteria
of the seventh report
of the Joint National
Committee on
Prevention, Detection,
Evaluation, and
Treatment of
Hypertension (JNC-7;
systolic blood pressure
>140 mm Hg, diastolic
blood pressure >90
mm Hg, or use of
antihypertensive
medication).
Prehypertension was
defined as systolic
blood pressure 120 to
139 mm Hg or
diastolic blood
pressure 80 to 89 mm
Hg. Normal blood
pressure was defined
as <120/80 mm Hg.
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(Categorical [preHTN
& HTN] and
continuous variables
[SBP & DBP})

Zhang 2015, RCT
China, CSPPT,

(38)

19599 (40.8) 60 (7.5)
Inclusion criteria:

45-75 yrs with HTN

Intervention:

Enalapril & folic acid

Control:

31% smoking, 11.1%

DM.

CKD-Epi
Reference:
>90 (13418)
Comparison:
60-89 (5768)
<60 (413)

Urine dipstick
Reference:
None (16663)
Comparison:
Trace (1812)
>1+(1154)

Ischaemic (472) 54
Haemorrhagic

(112)

Undefined (2)

Incident

Age, study center,
gender, treatment
group, smoking,
alcohol, BMI, baseline
SBP/DBP, mean
SBP/DBP over
treatment period, TC,
HDL, FPG,
homocysteine, folate.

(Continuous variables
— baseline & mean)

Abbreviations:

AAA, abdominal aortic aneurysm; ACE, Angiotensin Converting Enzyme inhibitor; ACR, albumin:creatinine ratio; AF, atrial fibrillation; AR, aortic regurgitation; A2RB, Angiotensin
2 Receptor Blocker; BMI, body mass index; BMS, bare metal stent; Ca, calcium; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCF, congestive cardiac
failure; CEA, carotid endarterectomy; CLD, chronic liver disease; COPD, chronic obstructive pulmonary disease; CRP, C Reactive Protein; CVA, cerebrovascular accident; CVD,
cardiovascular disease; DAPT, dual anti-platelet therapy; DBP, diastolic blood pressure; DM, diabetes mellitus; ECG, electrocardiograph; ETOH, alcohol; GFR, glomerular filtration
rate; Hb, haemoglobin; HDL, high density lipoprotein; HIV, Human Immunodeficiency Virus; HRT, hormone replacement therapy; HTN, hypertension; IHD, ischaemic heart disease;
IS, ischaemic stroke; LAD, left anterior descending artery; LDL, low density lipoprotein; LVEF, left ventricular ejection fraction; LVVH, left ventricular hypertrophy; MDRD,
Modification of Diet in Renal Disease; MI, myocardial infarction; NIHSS, National Institute of Health Stroke Scale; NSAIDs, Nonsteroidal anti-inflammatory drugs; NYHA, New York
Heart Association; PCI, percutaneous coronary intervention; PCR, protein:creatinine ratio; PP, pulse pressure; PVD, peripheral vascular disease; Rx, treatment; SBP, systolic blood
pressure; SD, standard deviation; SES, socio-economic status; STS score, Society of Thoracic Surgery score; TAVI, transcatheter aortic valve implantation; TC, total cholesterol; TE,

thromboembolic; TG, triglyceride; TIA, transient ischaemic attack.
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Appendix Table I11. Characteristics of studies included in the meta-analysis

Characteristics

Number of studies,

total =38
N %
Study
Design
Randomized controlled trial 6 15.8
Cohort study 32 84.2
Location
North America 12 31.6
South America 1 2.6
Europe 8 21.1
Asia 10 26.3
Multinational 7 18.4
Number of participants
0 to <2500 14 36.8
>2500 to <5000 11 28.9
>5000 to <20000 5 13.2
>20000 8 21.1
Duration of follow-up (months)
0to <24 5 13.2
>24 to <60 16 42.1
>60 to <96 5 13.2
>96 12 31.6
Decade of publication
1980s 1 2.6
1990s 3 7.9
2000s 19 50.0
2010s 15 39.5
Participant
Mean age (years)
<60 13 34.2
>60 to <65 10 26.3
>65 to <70 7 18.4
>70 5 13.2
Hypertensives (%)
<25 4 10.5
>25 to <50 5 13.2
>50 to <75 7 18.4
>75 12 31.6
Diabetics (%0)
<15 11 28.9
>15 to <30 10 26.3
>30 14 36.8
Stroke
Subtype
Unspecified 30 78.9
Ischaemic 14 36.8
Haemorrhagic 10 26.3
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Appendix Table IV: Quality assessment of studies using the Newcastle-Ottawa Scale for Cohort

Studies

Good quality Fair quality Poor quality

Aguilar 2010 Tanaka 1985 (Analysis not Oliveras 2003 (Selected

Bello 2011 controlled for all confounders group, retrospective,

Da Costat 2017 and no confidence intervals ascertainment method of

De Leeuw 2002 reported for effect estimates) expcl)su_re unclear, una(fjjusted
analysis, assessment of outcome

Fuller 2001 was not record linked or

Go 2009 unblinded, loss to follow-up)

Hagg 2013 Ravipati 2008 (Unclear

Hitman 2007 adjustment for confounders for

Irie 2006 the microalbuminuria analysis

Kowey 2005 with no adjusted effect estimates

Lee 2016 provided. No statement about

Li 2015 assessment of outcome)

Madison 2006
McAlister 2017
Menne 2014
Miettinen 1996
Mikkelsen 2009
Muntner 2012
Nagai 2014
Nakayama 1997
Nakayama 2007
Ruilope 2007
Sander 2012
Sandsmark 2015
Schrader 2006
Tebbe 2010
Tonelli 2006
Valmadrid 2000
Vernooij 2013
Wagner 1994
Yang 2008
Yokoto 2008
Yuyun 2004
Zhang 2008
Zhang 2015

Thresholds for converting the Newcastle-Ottawa scales to AHRQ standards (good, fair, and poor):

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
outcome/exposure domain

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in

outcome/exposure domain

Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure

domain
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Appendix Figure 1: Unadjusted risk ratio (RR) for the association of proteinuria and stroke risk.

Study

Da Costa
De Leeuw
Kowey
Lee

L
McAlister
Miettinen
Mikkelsen
Muntner
Nakayama
Oliveras
Ravipati
Sandsmark
Tebbe
Tonelli
Valmadrid
Yuyun
Zhang

Overall (I-squared = 82.3%, p = 0.000)
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2017
2002
2005
2016
2015
2017
1996
2009
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1997
2003
2008
2015
2010
2006
2000
2004
2015
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: >
|
|
|
|
|
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RR (95% CI)

2.88 (1.56, 5.30)
2.11 (1.34, 3.31)
0.94 (0.68, 1.30)
2.48 (1.18, 5.22)
2.57 (2.18, 3.03)
1.30 (0.83, 2.03)
3.79 (2.47, 5.81)
1.37 (0.64, 2.94)
1.44 (1.30, 1.60)
1.71 (0.61, 4.80)
2.20 (0.90, 5.60)
1.65 (0.85, 3.20)
3.39 (2.52, 4.57)
1.12 (0.34, 3.72)
1.41 (0.82, 2.45)
2.69 (1.86, 3.90)
3.76 (1.72, 8.23)
1.77 (1.44, 2.17)
2.00 (1.63, 2.46)

%
Weight

4.94
6.15
7.19
4.09
8.28
6.17
6.36
3.98
8.56
2.74
3.21
4.59
7.39
2.21
5.41
6.82
3.87
8.05
100.00
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Appendix Figure 11: Risk ratio (RR) for the association of proteinuria and stroke risk using a fixed effects

model adjusted for traditional cardiovascular risk factors (exact methods varied between studies).

Study Year
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2.18 (1.16, 4.08)
1.68 (1.06, 2.67)
2.46 (1.81, 3.35)
1.54 (1.29, 1.85)
3.99 (2.63, 6.05)
1.92 (0.68, 5.44)
1.21 (0.88, 1.66)
2.24 (1.02, 4.94)
1.61 (1.35, 1.92)
2.84 (1.51, 5.34)
0.98 (0.83, 1.15)
1.39 (0.29, 6.59)
2.81 (1.73, 4.58)
1.07 (0.48, 2.37)
1.22 (1.10, 1.36)
1.30 (1.00, 1.68)
2.50 (1.10, 5.89)
1.40 (0.80, 2.41)
1.09 (0.90, 1.32)
2.10 (1.05, 4.20)
2.82 (2.05, 3.89)
1.59 (1.25, 2.02)
0.95 (0.28, 3.18)
1.33 (0.87, 2.03)
2.26 (1.52, 3.36)
1.46 (1.00, 2.14)
1.18 (0.25, 5.63)
1.83 (1.00, 3.35)
1.60 (1.14, 2.25)
2.37 (1.26, 4.47)
1.35 (1.09, 1.66)
1.46 (1.39, 1.54)

%
Weight

4.91
0.87
0.65
1.20
2.71
7.89
1.48
0.24
2.55
0.41
8.26
0.64
9.95
0.11
1.08
0.40
22.43
3.81
0.36
0.84
7.27
0.53
2.50
4.45
0.17
1.43
1.63
1.77
0.11
0.71
2.20
0.64
5.79
100.00
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Appendix Figure 111: Unadjusted (A) and adjusted (B) risk ratios (RR) for the association of proteinuria

and stroke risk using paired study estimates only.

A: Unadjusted analysis
%

Study Year RR (95% Cl) Weight
DaCosta 2017 _i_‘_ 2.88 (1.56, 5.30) 5.73
De Leeuw 2002 —_— 2.11 (1.34, 3.31) 7.22
Lee 2016 —5"— 2.48 (1.18, 5.22) 4.71
Li 2015 3—‘— 2.57 (2.18, 3.03) 9.92
McAlister 2017 ——— 1.30 (0.83, 2.03) 7.25
Miettinen 1996 i —_— 3.79 (2.47,5.81) 7.48
Mikkelsen 2009 —_— 1.37 (0.64, 2.94) 4.58
Muntner 2012 - i 1.44 (1.30, 1.60) 10.29
Nakayama 1997 1.71 (0.61, 4.80) 3.11
Sandsmark 2015 e 3.39 (2.52, 4.57) 8.79
Tebbe 2010 : 1.12 (0.34, 3.72) 2.51
Tonelli 2006 ——— 1.41 (0.82, 2.45) 6.30
Valmadrid 2000 _5_._ 2.69 (1.86, 3.90) 8.06
Yuyun 2004 _._._ 3.76 (1.72, 8.23) 4.44
Zhang 2015 —— 1.77 (1.44, 2.17) 9.62
Overall (I-squared = 82.5%, p = 0.000) <> 2.15 (1.73, 2.67) 100.00

T : T

1 1 10
B: Adjusted analysis

%

Study Year RR (95% Cl) Weight
DaCosta 2017 _f_‘_ 2.18 (1.16, 4.08) 4.71
De Leeuw 2002 —_— 1.68 (1.06, 2.67) 6.40
Lee 2016 : 2.24 (1.02, 4.94) 3.54
Li 2015 + 1.61 (1.35, 1.92) 10.02
McAlister 2017 - ! 0.98 (0.83, 1.15) 10.18
Miettinen 1996 i—— 2.81(1.73, 4.58) 6.12
Mikkelsen 2009 —_— 1.07 (0.48, 2.37) 3.48
Muntner 2012 - i 1.22 (1.10, 1.36) 10.67
Nakayama 1997 —i—'— 2.50 (1.10, 5.89) 3.25
Sandsmark 2015 | —— 2.82 (2.05, 3.89) 8.20
Tebbe 2010 : 0.95 (0.28, 3.18) 1.83
Tonelli 2006 o 1.33 (0.87, 2.03) 6.86
Valmadrid 2000 4:_._ 2.26 (1.52, 3.36) 7.20
Yuyun 2004 —ﬁ— 1.60 (1.14, 2.25) 7.92
Zhang 2015 — 1.35 (1.09, 1.66) 9.62
Overall (I-squared = 78.9%, p = 0.000) <> 1.63 (1.36, 1.95) 100.00
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Appendix Figure 1V: Risk ratio (RR) for the association of proteinuria and (A) ischaemic stroke and (B)

haemorrhagic stroke risk. RRs were adjusted for traditional cardiovascular risk factors (exact methods

varied between studies).

A: Ischaemic stroke risk

%

Study Year RR (95% Cl) Weight
Aguilar 2010 —— 1.91 (1.48, 2.46) 20.40
Hagg 2013 L —— 4.23 (2.71,6.59) 15.51
Li 2015 —— 1.53 (1.24, 1.89) 21.43
Nakayama 1997 ] 2.72(0.92,7.99) 5.63
Yuyun 2004 — 2.10 (1.38,3.17) 16.25
Zhang 2015 —— 1.35(1.06, 1.71) 20.77
Overall (I-squared = 78.3%, p = 0.000) @ 1.99 (1.48, 2.66) 100.00
T : T
A 1 10
B: Haemorrhagic stroke risk
%
Study Year RR (95% Cl) Weight
Aguilar 2010 —‘i— 1.98 (1.00, 3.92) 11.69
Hagg 2013 ——————— 3.39(1.59,7.26)  9.49
Li 2015 —_— 1.90 (1.35,2.67)  47.04
Yuyun 2004 — 2.10(1.38,3.17)  31.78
Overall (I-squared = 0.0%, p = 0.597) <> 2.08 (1.65,2.63)  100.00
T : T
A 1 10
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Appendix Table V. Subgroup analysis and meta-regression: the effect of study, participant and stroke characteristics

on the association between proteinuria and adjusted risk of stroke.

Subgroups Number RR P value for
heterogeneity
of studies (95% CI)
Study characteristics
Design
Cohort 28 1.80 (1.56-2.08) 0.12
Randomized controlled trial 5 1.27 (1.09-1.48)
Location
North America 11 1.78 (1.42-2.22) 0.4
Europe 6 1.88 (1.18-3.00)
Asia 9 1.45 (1.31-1.62)
Multinational 6 1.75 (1.25-2.47)
South America 1 2.18 (1.16-4.09)
Size
0 to <5000 20 2.05(1.78t02.37)  0.002
>20000 13 1.40 (1.22 to 1.60)
Duration of follow-up (months)
0 to <24 4 1.63 (1.08-2.46) 0.39
>24 to <60 13 1.39 (1.21-1.60)
>60 to <96 5 2.23 (1.66-2.99)
>96 11 1.98 (1.61-2.44)
Albuminuria quantification
Urine dipstick 13 1.43 (1.28-1.60) 0.06
Laboratory methods 20 1.94 (1.57-2.39)
Patient characteristics
Mean age (years)
<60 11 2.12 (1.65-2.70) 0.02
>60 22 1.50 (1.32-1.70)
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Gender

Mainly male 14 1.80 (1.42-2.28) 0.7
Mainly female 19 1.66 (1.44-1.92)
Race
Mainly Caucasian 10 1.60 (1.31-1.94) 0.71
Mainly Asian 10 1.49 (1.31-1.70)
Diabetics (%)
<15 10 1.59 (1.40-1.82) 0.08
>15to <30 9 1.38 (1.13-1.69)
530 12 2.18 (1.60-2.99)
Hypertensives (%)
<25 4 1.80 (1.25-2.58) 0.74
>25 to <50 5 1.41 (1.18-1.67)
550 to <75 6 1.63 (1.17-2.26)
275 10 1.49 (1.26-1.76)
Smokers (%)
<15 6 1.64 (1.18-1.26) 0.38
>15 to <20 5 1.46 (1.09-1.95)
>20 to <30 3 1.44 (0.86-2.40)
~30 10 1.88 (1.54-2.29)
Atrial fibrillation (%)
<10 5 1.83 (1.48-2.26) 0.16
>10 4 1.29 (0.92-1.82)
Stroke type
Incident 20 1.67 (1.42-1.96) 0.23
Recurrent 2 2.16 (1.28-3.64)
Incident or recurrent 10 1.77(1.40-2.23)

GFR; glomerular filtration rate, RR; relative risk, CI; confidence interval

MDRD; modification of diet in renal disease, CKD-EPI; chronic kidney disease epidemiology collaboration
UACR; urine albumin-creatinine ratio, UAER; urine albumin excretion rate, UPCR; urine protein-
creatinine ratio



Appendix Figure V: Impact of albuminuria level on stroke risk. (A) Studies reporting Microalbuminuria

and (B) Macroalbuminuria.

A: Stroke risk with microalbuminuria

%

Study Year RR (95% Cl) Weight
Aguilar 2010 —;—-— 1.91(1.48,2.46) 6.76
De Leeuw 2002 — 1.62(0.95,2.75) 5.58
Hagg 2013 | —— 3.20 (1.90, 5.60) 5.54
Hitman 2017 —-—i— 1.13(0.49,2.63) 4.17
Bello 2011 L - 2.88 (2.56,3.25) 7.1
McAlister 2017 -+ ' 0.90 (0.83,0.98) 7.16
Menne 2014 1.39 (0.29, 6.59) 2.06
Miettinen 1996 —t—— 1.36 (0.82,2.25) 5.71
Mikkelsen 2009 _ 1.07 (0.48,2.37) 434
Muntner 2012 - - 1.25(1.11,1.41)  7.10
Sander 2012 _— 2.10 (1.05, 4.20) 4.82
Sandsmark 2015 \— 3.00 (1.71,5.34) 5.40
Schrader 2006 — 1.55(1.18,2.02) 6.71
Tebbe 2010 . 0.95(0.28,3.18) 2.85
Valmadrid 2000 — 2.20(1.29,3.75) 5.57
Yuyun 2004 — 149 (1.13,2.14) 6.52
Zhang 2008 —'-— 1.73(1.25,2.38) 6.51
Zhang 2015 —_— 1.59 (1.05,2.41) 6.12
Overall (I-squared = 94.0%, p = 0.000) <> 1.66 (1.28,2.16)  100.00
1
|
T * T
1 1 10

B: Stroke risk with macroalbuminuria

%

Study Year RR (95% CI) Weight
Aguilar 2010 —_—— 2.18 (1.29, 3.67) 3.58
Bello 2011 - 1.40 (1.25, 1.58) 5.89
De Leeuw 2002 T 1.87 (0.85, 4.08) 2.36
Fuller 2001 —— 2.46 (1.80, 3.35) 4.89
Go 2009 —— 1.54 (1.29, 1.85) 5.63
Hagg 2013 i ——— 4.90(2.90, 8.20) 3.60
Hitman 2007 ———  3.27(1.40,7.63) 2.14
Irie 2006 - 1.21 (0.88, 1.66) 4.85
Li 2015 — 1.61 (1.35, 1.92) 5.65
Madison 2006 - 2.84 (1.51, 5.34) 3.01
McAlister 2017 o] 1.06 (0.98, 1.15) 6.01
Miettinen 1996 —— 2.81(1.73, 4.58) 3.79
Muntner 2012 -— 1.10 (0.87, 1.40) 5.33
Nagai 2014 I 1.30 (1.00, 1.68) 5.20
Nakayama 2007 - 1.40 (0.80, 2.40) 3.43
Ruilope 2007 ™ ! 1.09 (0.90, 1.32) 5.60
Sandsmark 2015 | —— 3.28 (2.19, 4.93) 4.29
Schrader 2006 —— 1.74 (1.03, 2.95) 3.56
Tonelli 2006 -—— 1.33 (0.87, 2.03) 4.17
Valmadrid 2000 —_—— 2.33(1.28, 4.24) 3.17
Wagner 1994 —— 1.46 (1.00, 2.14) 4.45
Yuyun 2004 X 2.43 (1.11, 6.26) 2.09
Zhang 2008 L 3.30 (2.29, 4.77) 4.53
Zhang 2015 —_— 2.17 (1.09, 4.29) 2.76
Overall (I-squared = 85.5%, p = 0.000) <> 1.78 (1.53, 2.08) 100.00
:
T : T
1 1 10
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Appendix Figure VI1: Overall risk ratio (RR) for the association of combined albuminuria and low eGFR

with stroke risk adjusted for traditional cardiovascular risk factors (exact methods varied between studies).

Study Year

Aguilar 2010
Bello 2011
Nakayama 2007
Ruilope 2007
Tonelli 2006
Vernooji 2013
Zhang 2015

Overall (l-squared = 86.0%, p = 0.000)

RR (95% Cl)

2.27 (1.58, 3.27)
3.63 (3.00, 4.40)
2.83 (1.33, 6.00)
1.32 (1.01, 1.73)
1.66 (0.95, 2.90)
4.30 (1.80, 10.30)
1.52 (0.84, 2.73)

2.23 (1.48, 3.37)

%

Weight

16.19
17.81
11.44
17.18
13.83
10.12
13.43

100.00

10
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Appendix Figure VII: Funnel plot evaluating potential systematic bias in studies included in the meta-

analysis

Funnel plot with pseudo 95% confidence limits

4 2
1 1

Standard error of log RR

.6
1
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Appendix Table V1. Studies categorized according to a hierarchy of hypertension adjustment, from least

(1) to best (4) adjustment

1 = Baseline BP at

2= History of HTN

3= History of HTN

4 = Multiple BP

study entry and/or on and/or on readings over time*
treatment and/or treatment
baseline BP at
study entry
Hagg 2013 Fuller 2001 Bello 2011 Aguilar 2010
Hitman 2007 Lee 2016 Go 2009 Da Costa 2017
Irie 2006 Li 2015 McAlister 2017 De Leeuw 2002
Menne 2014 Madison 2006 Valmadrid 2000 Zhang 2015
Nakayama 1997 Miettinen 1996
Sander 2012 Muntner 2012
Sandsmark 2015 Nagai 2014
Tonelli 2006 Nakayama 2007
Wagener 1994 Yuyun 2004
Yang 2008 Zang 2008

* Including 24-hour ABPM
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