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Background-—Conflicting evidence exists regarding whether reduced estimated glomerular filtration rate (eGFR) and proteinuria
are independent risk factors for stroke and its subtypes in hypertensive patients. This study investigated the association of these
renal measures with first incident stroke in adults under treatment for hypertension in China.

Methods and Results-—The study included 19 599 adults aged 45 to 75 years who participated in the China Stroke Primary
Prevention Trial. Baseline eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration creatinine equation.
Proteinuria was assessed by qualitative dipstick urinalysis and in a subset by the quantitative albumin–creatinine ratio method. Cox
regression analysis was used to examine the effects of eGFR and proteinuria on the risk of first incident stroke. During a median of
4.5 years of follow-up, a total of 585 first strokes (472 ischemic strokes) were identified. Compared to participants without
proteinuria, participants with proteinuria (trace or more by dipstick) had a 35% increased risk of first stroke: the adjusted hazard
ratio (HR) (95% CI) was 1.35 (1.09–1.66, P=0.005). The results were robust in subgroup analyses. In a subset with data on
proteinuria measured by quantitative albumin–creatinine ratio, a similar association was found. In both independent and combined
analyses with proteinuria, eGFR was not significantly associated with stroke.

Conclusions-—In adults under treatment for hypertension in China, baseline proteinuria measured by dipstick or quantitative
albumin–creatinine ratio, but not reduced eGFR, was found to be an independent risk factor for first incident stroke and ischemic
stroke. ( J Am Heart Assoc. 2015;4:e002639 doi: 10.1161/JAHA.115.002639)
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I n the past decade, growing evidence has suggested an
association between low estimated glomerular filtration

rate (eGFR) or the presence of protein in the urine
(proteinuria or albuminuria) and risk of stroke.1–5 Data
are conflicting regarding whether reduced eGFR and
proteinuria can be independent or joint risk factors for

stroke and its subtypes in adults under treatment for
hypertension.6–8 The Hypertension Optimal Treatment (HOT)
study found that reduced GFR is a risk factor of cardio-
vascular disease events in treated hypertensive patients.6

However, the Valsartan Antihypertensive Long-term Use
Evaluation (VALUE) trial7 and the Japanese Trial to Assess
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Optimal Systolic Blood Pressure in Elderly Hypertensive
Patients (JATOS) study8 both showed that proteinuria but
not eGFR at baseline constituted a strong risk factor for
stroke or cardiovascular events, and revealed a prognostic
value only in patients with a baseline eGFR <60 mL/min
per 1.73 m2. Most previous studies were conducted in
Western countries, and none had stroke as the primary
outcome. In addition, their generalizability to a Chinese
population is uncertain.

Hypertension, chronic kidney disease (CKD), and stroke
have become major disease burdens worldwide, and a high
prevalence of these chronic diseases has been reported in
China in recent years.9,10 In 2012, a national survey reported
that the prevalence of CKD was 10.8% with about 119.5 mil-
lion adults aged 18 years or older diagnosed with CKD in
China.11 Stroke has been the leading cause of death in China
for decades and confers astronomical clinical, public health,
and economic burdens.12 Moreover, high blood pressure
affects 270 million Chinese,13 can be both a cause and a
consequence of CKD, and is the major risk factor for
cardiovascular disease and stroke.9 To our knowledge, no
studies have investigated the independent and combined
effects of eGFR and proteinuria on the risk of stroke in adults
under treatment for hypertension using a large prospective
cohort in China.

This study aimed to investigate whether baseline eGFR
and proteinuria are independent and/or joint risk factors for
first incident stroke in adults under treatment for hyperten-
sion during a median 4.5-year prospective follow-up in
China.

Methods

Study Population and Design
This is an ancillary study of the China Stroke Primary
Prevention Trial (CSPPT). The CSPPT study was a randomized,
double-blind clinical trial to test the primary hypothesis that
therapy with enalapril and folic acid is more effective in
reducing first stroke than enalapril alone among Chinese
adults with hypertension. Details on the CSPPT study design,
inclusion/exclusion criteria, and participant characteristics
can be found online (http://clinicaltrials.gov, NCT00794885);
the main results were recently published (Huo et al, JAMA,
2015).14 In brief, a total of 20 702 participants aged 45 to
75 years old who had hypertension, defined as either systolic
blood pressure of 140 mm Hg or greater, or diastolic blood
pressure of 90 mm Hg or greater, or were using antihyper-
tensive medications, were recruited from 32 communities in
the Jiangsu and Anhui provinces of China from May 19, 2008
to August 2009. All participants provided written informed
consent prior to data collection. This study was approved by

the Ethics Committee of the Institute of Biomedicine, Anhui
Medical University, Hefei, China (FWA assurance number
FWA00001263).

Follow-up
Participant follow-up was conducted every 3 months by
trained research staff and physicians and occurred until
August 24, 2014 (a median of 4.5 years). A total of 67 (0.3%)
were lost to follow-up before completion of the study.

For this study, data from 19 599 participants were
analyzed (all from the CSPPT) after excluding 1103 subjects
with missing serum creatinine and dipstick proteinuria
measurements at baseline. There was no significant differ-
ence in major baseline characteristics, including sex, age, and
eGFR between included and excluded participants.

Measurements and Definitions
Baseline information on lifestyle habits, sociodemographic
variables, and medical history was obtained during in-person
interviews by trained research staff according to a standard
protocol. Smoking and drinking status was determined by
self-report (never, former, and current). Anthropometric and
blood pressure measurements were taken using standard
operating procedures. Fasting serum glucose, fasting lipids,
homocysteine, and serum creatinine were measured using
automatic clinical analyzers (Beckman Coulter) at the core lab
of the National Clinical Research Center for Kidney Disease,
Nanfang Hospital, Guangzhou, China. Serum creatinine con-
centrations were determined by an enzymatic method (sar-
cosine oxidase–PAP) using a commercial kit, standardized to
isotope dilution mass spectrometry, with a coefficient of
variation of 1.1%. Serum folate was measured at a commercial
laboratory using a chemiluminescent immunoassay (New
Industrial).14 Proteinuria was assessed by qualitative dipstick
urinalysis using an automatic urine analyzer (Dirui-H100;
Changchun DIRUI Medical Technology Co., Ltd, Jilin, China)
and, in a subset of the study population, spot urine samples
collected at the baseline clinical examination were analyzed
by the quantitative method for calculating the urinary albumin-
to-creatinine ratio (ACR). Urinary albumin levels were deter-
mined using an automatic protein analyzer (BN II; Dade
Behring) and urinary creatinine levels were determined using
an automatic biochemical analyzer (Dimension RxL Max; Dade
Behring). Baseline eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion.15 Body mass index was calculated as weight in kilograms
divided by height in meters squared. Diabetes mellitus was
defined as self-reported physician-diagnosed diabetes or use
of hypoglycemic agents or a fasting blood glucose concen-
tration ≥7.0 mmol/L.

DOI: 10.1161/JAHA.115.002639 Journal of the American Heart Association 2

Proteinuria Is a Risk Factor for First Stroke Zhang et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

http://clinicaltrials.gov


End Points
The primary outcome of interest was first incident symp-
tomatic stroke (nonfatal or fatal) occurring between baseline
and follow-up (a median of 4.5 years). As detailed in a recent
report (Huo, JAMA, 2015, Supplement 1),14 all stroke cases
were adjudicated by experts of the end point adjudication
committee using predefined criteria. Incident stroke types
were divided into ischemic stroke and hemorrhagic stroke.
Participants with hemorrhagic stroke included those with
intraparenchymal hemorrhages but excluded those with
subarachnoid hemorrhages.

Statistical Analysis
Continuous variables are reported as mean�SD. Prevalences
are presented as percentages. We examined the linear trend
distributions of the selected risk factors according to the 3
categories of dipstick proteinuria and eGFR. Because urinary
ACR had a highly skewed distribution, the values were log-
transformed before analysis. Baseline eGFR values were
divided into 3 categories: ≥90, 60–89, and <60 mL/min per
1.73 m2 based on standard definitions, and then were further
divided into ≥90 and <90 mL/min per 1.73 m2. We consid-
ered dipstick proteinuria as a categorical variable and hazard
ratios (HRs) were calculated for each category: none, trace
(�), + or more; we then combined the “trace” and “+ or
more” categories for further analysis. In a sensitivity analysis,
we considered an alternate definition of proteinuria that was
based on urinary ACR and defined as <30 mg albumin/g
creatinine (normal to mildly increased), 30 to 300 (moder-
ately increased), and >300 (severely increased).16 In a
seperate analysis, we treated the group with eGFR
≥90 mL/min per 1.73 m2, proteinuria “none” or ACR
<30 mg/g as the referent. In the combined analyses, we
defined a composite variable combining the eGFR (≥90,
<90 mL/min per 1.73 m2) and dipstick proteinuria (“none,”
“trace or more”) or ACR (<30, ≥30 mg/g) categories. We
treated the group with both eGFR ≥90 mL/min per 1.73 m2

and dipstick proteinuria “none” or ACR <30 mg/g as the
referent.

The relationships between baseline eGFR, proteinuria, and
stroke types were assessed using Cox-proportional hazard
models. We constructed 2 models: Model 1 was adjusted for
age, study center (Jiangsu, Anhui), sex (male or female), and
treatment group (enalapril or enalapril and folic acid group);
Model 2 was adjusted for the same variables as Model 1 plus
the following confounders: smoking and alcohol consumption
status (never, former, and current), body mass index, systolic
blood pressure (SBP), and diastolic blood pressure (DBP) at
baseline, mean SBP and DBP over the treatment period,
baseline serum total cholesterol, high-density lipoprotein

cholesterol, fasting plasma glucose, homocysteine, folate,
and either eGFR or proteinuria. We also evaluated whether
risk of stroke increased with low eGFR estimated by using a
modified Modification of Diet in Renal Disease (MDRD)
equation for a Chinese population (Chinese equation) and
the CKD-EPI 4-level race equation.17 All P values were
2-tailed. A P<0.05 was considered to be statistically
significant. All analyses were performed using Empower (R)
(www.empowerstats.com, X&Y Solutions, Inc, Boston, MA)
and R (http://www.R-project.org).

Results

General Characteristics
Baseline eGFR and dipstick proteinuria levels were available
for 19 599 participants. A subset of 3217 (15.8%) partici-
pants had an ACR measurement of proteinuria. At baseline,
mean age was 60 years (SD 7.5) and 59% were female.
Baseline characteristics of participants according to eGFR
levels and dipstick proteinuria categories are listed in
Table 1. The proportions with an eGFR of ≥90, 60 to 89,
and <60 mL/min per 1.73 m2 were 68%, 30%, and 2%,
respectively. The numbers of participants according to the
presence of proteinuria were as follows: 16 633 (85%) of
participants without detectable proteinuria, 1812 (9%) of
participants with proteinuria “trace,” and 1154 (6%) with
proteinuria “+ or more.” Participants in the lower eGFR
categories were more likely to be older and former or current
smokers and former drinkers. In addition, they were more
likely to have higher baseline SBP, homocysteine, and total
cholesterol and have lower body mass index and folate
levels. The eGFR levels were lower in participants with
proteinuria than in nonproteinuric participants. Patients with
proteinuria “trace or more” were older and showed higher
mean values of SBP and DBP, glucose levels, homocysteine,
and folate, as well as had a higher prevalence of diabetes
mellitus and were former drinkers, but had lower total
cholesterol (Table 1).

Independent and Combined Associations of eGFR
and Proteinuria Levels With Incident Stroke
Table 2 shows the number of cases for the incidence of total
and ischemic stroke for participants stratified by baseline
eGFR and proteinuria categories. There were 585 total strokes
during a median follow-up of 4.5 years. Of these, 472 (80.7%)
were defined as ischemic, 111 (19.0%) were hemorrhagic, and
2 (0.3%) were undefined. In the unadjusted Cox regression
analysis, compared to participants with an eGFR of at least
90 mL/min per 1.73 m2, there was a significant increased
risk of total stroke or ischemic stroke for the participants with
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an eGFR of 60 to 89 mL/min per 1.73 m2 (data not shown).
However, after adjusting for age, sex, study center, and
treatment group, there was no significant association
between eGFR and total stroke (HR 1.12; 95% CI 0.93–
1.35) or ischemic stroke (HR 1.07; 95% CI 0.87–1.32).

Similarly, after multivariate adjustment, no independent
associations were observed between eGFR and incident total
and ischemic stroke. In unadjusted and adjusted analyses,
there were no independent associations between eGFR
<60 mL/min per 1.73 m2 and total and ischemic stroke.

Table 1. Baseline Demographic Characteristics of the Study Population Stratified by eGFR and Dipstick Proteinuria

Overall

Dipstick Proteinuria

P for
Trend

eGFR, mL/min per 1.73 m2

P for
Trend

None Trace + or More ≥90 60 to 89 <60

n=19 599 n=16 633 n=1812 n=1154 n=13 418 n=5768 n=413

Age, y 60.0�7.5 59.9�7.5 60.8�7.7 60.9�7.9 <0.001 57.9�6.8 64.4�7.0 65.3�7.2 <0.001

Male, n (%) 8006 (40.8) 6634 (39.9) 854 (47.1) 518 (44.9) <0.001 5068 (37.8) 2740 (47.5) 198 (47.9) <0.001

BMI,* kg/m2 24.9�3.7 25.0�3.7 24.8�3.8 24.4�3.8 <0.001 25.1�3.7 24.6�3.7 24.2�3.6 <0.001

Systolic blood pressure,
mm Hg

166.8�20.4 166.5�19.9 167.6�22.9 170.2�23.5 <0.001 166.2�19.8 168.1�21.5 170.9�23.5 <0.001

Diastolic blood pressure,
mm Hg

94.1�11.9 93.9�11.7 94.7�12.6 95.6�13.9 <0.001 94.7�11.5 92.7�12.4 93.6�14.2 <0.001

Smoking, n (%) 0.039 <0.001

Never 13 525
(69.0)

11 552
(69.5)

1191 (65.7) 782 (67.9) 9636 (71.8) 3642 (63.2) 247 (59.8)

Former 1466 (7.5) 1212 (7.3) 158 (8.7) 96 (8.3) 847 (6.3) 565 (9.8) 54 (13.1)

Current 4603 (23.5) 3866 (23.2) 463 (25.6) 274 (23.8) 2932 (21.9) 1559 (27.0) 112 (27.1)

Alcohol consumption,
n (%)

0.053 0.003

Never 13 533
(69.1)

11 565
(69.5)

1185 (65.4) 783 (68.0) 9446 (70.4) 3805 (66.0) 282 (68.3)

Former 1377 (7.0) 1131 (6.8) 141 (7.8) 105 (9.1) 824 (6.1) 496 (8.6) 57 (13.8)

Current 4681 (23.9) 3931 (23.6) 486 (26.8) 264 (22.9) 3142 (23.4) 1465 (25.4) 74 (17.9)

Diabetes mellitus,† n (%) 2167 (11.1) 1738 (10.4) 251 (13.9) 178 (15.4) <0.001 1519 (11.3) 552 (9.6) 96 (23.2) 0.037

Laboratory results

Total cholesterol,
mmol/L

5.5�1.2 5.6�1.2 5.4�1.1 5.3�1.2 <0.001 5.5�1.2 5.6�1.2 5.9�2.0 <0.001

HDL cholesterol,
mmol/L

1.3�0.4 1.3�0.4 1.3�0.4 1.3�0.4 0.020 1.3�0.4 1.4�0.3 1.3�0.4 <0.001

Homocysteine, lmol/L 14.4�8.3 14.3�8.3 15.4�9.0 15.5��8.3 <0.001 13.2�7.1 16.7�9.8 22.7�12.9 <0.001

Folate, ng/mL 8.6�3.9 8.4�3.8 9.2�4.5 9.7�4.4 <0.001 8.7�3.9 8.2�3.8 8.0�4.1 <0.001

Fasting glucose,
mmol/L

5.8�1.7 5.8�1.6 5.9�2.0 5.9�2.3 <0.001 5.8�1.8 5.7�1.4 6.3�2.5 0.019

eGFR, mL/min
per 1.73 m2

93.5�13.2 94.1�12.3 91.5�15.0 87.4�19.5 <0.001 100.4�6.9 80.7�7.5 48.8�11.2 <0.001

Dipstick proteinuria <0.001

None 16 633
(84.9)

11 673
(87.0)

4719 (81.8) 241 (58.4)

Trace 1812 (9.2) 1111 (8.3) 638 (11.1) 63 (15.3)

+ or more 1154 (5.9) 634 (4.7) 411 (7.1) 109 (26.4)

Values are presented as mean�SD for continuous variables and n (%) for categorical variables. BMI indicates body mass index; eGFR, estimated glomerular filtration rate; HDL, high-density
lipoprotein.
*BMI was calculated as weight in kilograms divided by height in meters squared.
†Diabetes mellitus was defined as self-reported physician diagnosed diabetes or use of hypoglycemic agents or a fasting blood glucose concentration ≥7.0 mmol/L.
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Similar results were found in the eGFR <90 mL/min per
1.73 m2 group, compared with the eGFR ≥90 mL/min per
1.73 m2 group. In the overall population, the association
between eGFR <90 mL/min per 1.73 m2 and total stroke or
ischemic stroke was no longer significant after adjustment for
age and other confounders.

In contrast, proteinuria was significantly positively associ-
ated with stroke. In the multivariable adjustment model, we
found a significant increased risk of total stroke (HR 1.29;
95% CI 1.01–1.67) for participants with proteinuria “trace”
compared to participants with proteinuria “none.” The asso-
ciation between proteinuria “+ or more” and the risk of stroke
was stronger; in the multivariable adjustment model, the
increased risk of total stroke and ischemic stroke was 1.45
(95% CI 1.06–1.97) and 1.47 (95% CI 1.03–2.09), respec-
tively. The patterns were consistent when dipstick proteinuria
“trace or more” was compared with proteinuria “none.”

To assess generalizability, a fully adjusted regression
model was created for the subgroups of sex, age, diabetes
mellitus, baseline blood pressure levels, mean SBP/DBP
levels over the treatment period, and treatment group
(Figures 1 and 2). The results were similar in the subgroup
analyses. The risks of total stroke were higher in the presence
of proteinuria, and there were no independent associations
between reduced eGFR and incident total stroke in any of the
subgroup analyses. However, there were no significant
interactions among any of the stratified variables (male
versus female, age <65 versus ≥65 years, diabetes mellitus
absence versus presence, baseline blood pressure group:
grade 1 versus 2 versus 3, follow-up SBP/DBP dichotomized

group: higher versus lower, enalapril group versus enalapril
and folic acid group) with eGFR or proteinuria for total stroke
(P-values for interactions were all >0.05).

When combined categories of eGFR (<90, ≥90 mL/min per
1.73 m2) and proteinuria (none, trace, or more) were
analyzed, the risk of total stroke was significantly higher in
those participants with proteinuria “trace or more,” 1.45-fold
higher (95% CI 1.11–1.91) for eGFR ≥90, and 1.30-fold higher
(95% CI 0.95–1.77) for eGFR <90 mL/min per 1.73 m2

compared to those lacking proteinuria who had an eGFR level
of ≥90 mL/min per 1.73 m2 in the fully adjusted model
(Table 3).

Sensitivity Analyses
The results were essentially unchanged when the analyses
were restricted to the subset of 3127 participants with urinary
ACR measurements. Compared to the participants with ACR
<30 mg/g in the fully adjusted analysis, those with ACR 30 to
300 mg/g had a significantly higher risk of total stroke (HR
1.59; 95% CI 1.05–2.41) and ischemic stroke (HR 1.62; 95%
CI 1.02–2.56). Similarly, the risk increased in participants
with an ACR >300 mg/g. This positive association between
ACR and the total or ischemic stroke outcomes persisted
when ACR was analyzed as a continuous variable (Table 4).
Results were similar when the analysis combined eGFR (≥90,
<90 mL/min per 1.73 m2) and ACR (<30, ≥30 mg/g) for
total stroke (Table 3).

We also estimated the effects of baseline eGFR levels on
the risk of stroke using the Chinese equation and the CKD-EPI

Table 2. Adjusted Hazard Ratios (95% CIs) for Incidence of Total and Ischemic Stroke by Baseline Dipstick Proteinuria and eGFR
Categories

Number at Risk

Total Stroke Ischemic Stroke

Events (n/%)

Hazard Ratio (95% CI)

Events (n/%)

Hazard Ratio (95% CI)

Model 1 Model 2 Model 1 Model 2

Dipstick proteinuria category

None 16 633 459/2.8 1.00 1.00 375/2.3 1.00 1.00

Trace or more 2966 126/4.2 1.77 (1.44, 2.17) 1.35 (1.09, 1.66) 97/3.3 1.78 (1.41, 2.23) 1.35 (1.06, 1.71)

Trace 1812 76/4.2 1.67 (1.31, 2.14) 1.29 (1.01, 1.67) 59/3.3 1.65 (1.25, 2.18) 1.28 (0.97, 1.70)

+ or more 1154 50/4.3 1.96 (1.45, 2.65) 1.45 (1.06, 1.97) 38/3.3 2.02 (1.43, 2.85) 1.47 (1.03, 2.09)

eGFR category, mL/min per 1.73 m2

≥90 13 418 354/2.6 1.00 1.00 283/2.1 1.00 1.00

<90 6181 231/3.7 1.12 (0.93, 1.35) 1.03 (0.85, 1.24) 189/3.1 1.07 (0.87, 1.31) 0.98 (0.79, 1.21)

60 to 89 5768 216/3.7 1.12 (0.93, 1.35) 1.05 (0.86, 1.27) 177/3.1 1.07 (0.87, 1.32) 1.01 (0.82, 1.25)

<60 413 15/3.6 1.11 (0.66, 1.87) 0.70 (0.41, 1.21) 12/2.9 1.03 (0.57, 1.84) 0.62 (0.33, 1.14)

Model 1: adjusted for age, sex, study center, and treatment group. Model 2: adjusted for age, sex, study center, treatment group, BMI, smoking and alcohol drinking status, baseline serum
total cholesterol, HDL-cholesterol, folate, homocysteine, fasting glucose, systolic and diastolic blood pressure at baseline, mean systolic and diastolic blood pressure over the treatment
period, and either baseline eGFR or dipstick proteinuria. BMI indicates body mass index; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein.
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4-level race equation. The results were similar and we did not
observe an association between low eGFR and incidence of
total and ischemic stroke (Table 5).

Discussion
This study found that, in adults under treatment for hyper-
tension in China, baseline proteinuria measured by dipstick or

ACR, but not reduced eGFR, was an independent predictor of
first incident stroke and ischemic stroke. This association was
independent of eGFR and other cardiovascular risk factors.

eGFR and Stroke
Our study showed that eGFR at baseline was not an
independent risk factor of the subsequent development of

Figure 1. Multivariable adjusted HRs for the associations between baseline dipstick proteinuria levels and incident stroke within subgroups.
BMI indicates body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HRs, hazard ratios; SBP, systolic blood pressure.
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first stroke and ischemic stroke. This result was not in
agreement with previous reports including those from China,
which showed that reduced eGFR and even a mild impairment
of renal function (eGFR 60–89 mL/min per 1.73 m2) was
associated with an increased risk of total and ischemic
stroke.18 Recently, a meta-analysis reported by Lee et al
indicated that a baseline eGFR <60 mL/min per 1.73 m2 was
independently related to incident stroke.4 Results from

another meta-analysis including 83 studies showed that
stroke risk increases linearly and additively with declining
GFR and that the threshold is at eGFR 90 mL/min
per 1.73 m2.2 The mechanism responsible for the association
between eGFR and stroke is incompletely understood and
is likely multifactorial. Several reasons may explain the
conflicting results between our findings and previous
observations.

Figure 2. Multivariable adjusted HRs for the associations between baseline eGFR levels and incident stroke within subgroups. BMI indicates
body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HRs, hazard ratios;
SBP, systolic blood pressure.
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First, the inconsistent results may be attributable to
differences between the study populations in terms of the
severity of renal function impairment. The PREVEND (Preven-
tion of Renal and Vascular Endstage Disease) study found that
the renal risk marker albuminuria, but not eGFR, is indepen-
dently associated with cardiovascular outcome in the general
population. The authors pointed out that most of the study

participants had normal kidney function.19 The REGARDS
(Reasons for Geographic and Racial Differences in Stroke)
study also did not observe an indepentent association
between low eGFR and stroke risk and is possibly due to
the relatively few stroke events among participants with eGFR
<60 mL/min per 1.73 m2.20 The CSPPT study was not
primarily designed to examine the association between CKD

Table 3. Relative Risks and 95% CI of Stroke by Levels of eGFR and Proteinuria Measured by Dipstick or ACR

GFR, mL/min per 1.73 m2

Dipstick Proteinuria Categories Urinary ACR (mg/g) Categories

None Trace or More <30 ≥30

≥90

Number at risk 11 673 1745 1351 930

Events, n/% 284/2.4 70/4.0 29/2.1 40/4.3

Hazard ratio (95% CI)

Model 1 1.00 1.95 (1.49, 2.55) 1.00 2.02 (1.24, 3.23)

Model 2 1.00 1.45 (1.11, 1.91) 1.00 1.64 (1.00, 2.69)

<90

Number at risk 4960 1221 497 439

Events, n/% 175/3.5 56/4.6 14/2.8 26/5.9

Hazard ratio (95% CI)

Model 1 1.14 (0.93, 1.40) 1.76 (1.30, 2.38) 0.95 (0.49, 1.84) 1.99 (1.13, 3.50)

Model 2 1.08 (0.87, 1.33) 1.30 (0.95, 1.77) 0.89 (0.45, 1.76) 1.52 (0.84, 2.73)

Model 1: adjusted for age, sex, study center, and treatment group. Model 2: adjusted for age, sex, study center, treatment group, BMI, smoking and alcohol consumption status, baseline
serum total cholesterol, HDL-cholesterol, folate, homocysteine, fasting glucose, systolic and diastolic blood pressure at baseline, and mean systolic and diastolic blood pressure over the
treatment period. ACR indicates albumin–creatinine ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein.

Table 4. Adjusted Hazard Ratios (95% CIs) for Incidence of Total and Ischemic Stroke by Baseline Urinary ACR Levels

Urinary Albumin-to-Creatinine Ratio (ACR) (mg/g)

Log-ACR (mg/g)<30 30 to 300 >300

Number at risk 1848 1200 169 3217

Total stroke

Events, n/% 43/2.3 54/4.5 12/7.1 109/3.4

Hazard ratio (95% CI)

Model 1 1.00 1.88 (1.26, 2.81) 3.19 (1.68, 6.06) 1.96 (1.43, 2.69)

Model 2 1.00 1.59 (1.05, 2.41) 2.17 (1.09, 4.29) 1.54 (1.09, 2.19)

Ischemic stroke

Events (n/%) 34/1.8 46/3.8 11/6.5 91/2.8

Hazard ratio (95% CI)

Model 1 1.00 2.00 (1.28, 3.12) 3.69 (1.87, 7.30) 2.11 (1.50, 2.96)

Model 2 1.00 1.62 (1.02, 2.56) 2.42 (1.17, 4.99) 1.61 (1.10, 2.36)

Model 1: adjusted for age, sex, study center and treatment group. Model 2: adjusted for age, sex, study center, treatment group, BMI, smoking and alcohol consumption status, baseline
serum total cholesterol, HDL-cholesterol, estimated glomerular filtration rate, folate, homocysteine, fasting glucose, systolic and diastolic blood pressure at baseline, and mean systolic and
diastolic blood pressure over the treatment period. ACR indicates albumin–creatinine ratio; BMI, body mass index; HDL, high-density lipoprotein.
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and incident stroke; the majority of participants in this study
had relatively mild reductions in eGFR. Therefore, due to the
small number of participants with baseline eGFR <60 mL/min
per 1.73 m2 (n=413) in this study, results should be
interpreted with caution. The study might be underpowered
to detect the effect of eGFR <60 mL/min per 1.73 m2 on first
stroke.

Another potential reason is that eGFR is a less sensitive
measure of renal function. Although eGFR calculated using
the CKD-EPI equation is more accurate than the MDRD
equation in mild to moderately impaired renal function
populations,15,21eGFR still may not adequately reflect real
GFR.22 Reduced eGFR is typically not an early sign of renal
disease since serum creatinine may be stable during the early
stage of CKD due to hyperfiltration or increased tubular
secretion.23 Among the elderly, since there is a known
physiological decline in kidney function with age, eGFR alone
may not be sufficient to define CKD in the absence of
albuminuria.24 Ohsawa et al found that neither eGFRCKD-EPI
nor eGFRMDRD can predict the risk of stroke in the general
population.25 Aguilar et al compared 3 kidney biomarkers as
risk factors for incident stroke in the Cardiovascular Health
Study (CHS), and found that albuminuria as reflected by
urinary ACR was more strongly associated with risk of
incident stroke than eGFR and cystatin C; the adjusted HRs
were as follows: for urinary ACR: 2.10 (95% CI 1.47–3.00),
and for eGFR and cystatin C 1.29 (95% CI 0.91–1.84) and
1.22 (95% CI 0.85–1.74), respectively, which support the

assertion that urinary ACR is the best stroke risk factor
among the 3 kidney biomarkers.26

The third possibility is that the drug therapy may have
influenced the relationship between eGFR levels and risk of
stroke in our study. Most participants from the above 2 meta-
analyses were not hypertensive and did not accept antihy-
pertension therapy. There were only 2 hypertensive cohorts in
the meta-analysis reported by Lee et al. Of the 2 hypertensive
cohorts, no association between lower eGFR and stroke was
found in the VALUE study, in which the antihypertensive
therapy was an angiotensin II antagonist or a third-generation
calcium channel blocker. In the HOT study, patients were
given antihypertensive therapy with a long-acting calcium
antagonist, whereas all participants in the CSPPT were on an
angiotensin-converting enzyme inhibitor–based antihyperten-
sive treatment. Differences in population and therapy modal-
ities may contribute to the discrepancy with the recent meta-
analysis. Our previously published meta-analysis indicated
that homocysteine-lowering therapy with folic acid is effective
in preventing cardiovascular disease in patients with kidney
disease.27 Our published report from the CSPPT demon-
strated that folic acid supplementation significantly reduces
the risk of stroke.14 The kidney is an important site for the
synthesis and metabolism of many amino acids, including
homocysteine. In fact, plasma homocysteine is inversely
correlated with GFR. Even patients with moderately decreased
renal function have elevated plasma homocysteine.28 It is
possible that the antihypertensive and folic acid therapy

Table 5. Adjusted Hazard Ratios (95% CIs) for Incidence of Total and Ischemic Stroke by Baseline eGFR Categories Estimated
Using Different Equations

Number at Risk

Total Stroke Ischemic Stroke

Events (n/%)

Hazard Ratio (95% CI)

Events (n/%)

Hazard Ratio (95% CI)

Model 1 Model 2 Model 1 Model 2

eGFRChinese equation category, mL/min per 1.73 m2

≥90 16 019 454/2.8 1.00 1.00 367/2.3 1.00 1.00

<90 3580 131/3.7 1.11 (0.91, 1.35) 0.97 (0.79, 1.20) 105/2.9 1.06 (0.85, 1.33) 0.92 (0.73, 1.16)

60 to 89 3313 119/3.6 1.09 (0.88, 1.34) 0.98 (0.79, 1.21) 95/2.9 1.04 (0.82, 1.30) 0.93 (0.73, 1.18)

<60 267 12/4.5 1.40 (0.79, 2.49) 0.88 (0.49, 1.61) 10/3.7 1.38 (0.74, 2.60) 0.82 (0.42, 1.58)

eGFRCKD-EPI 4-level race category, mL/min per 1.73 m2

≥90 15 623 434/2.8 1.00 1.00 349/2.2 1.00 1.00

<90 3976 151/3.8 1.13 (0.93, 1.38) 0.99 (0.81, 1.21) 123/3.1 1.09 (0.88, 1.36) 0.96 (0.77, 1.20)

60 to 89 3670 140/3.8 1.14 (0.93, 1.39) 1.03 (0.84, 1.26) 114/3.1 1.10 (0.88, 1.37) 0.99 (0.79, 1.25)

<60 306 11/3.6 1.09 (0.60, 1.98) 0.67 (0.36, 1.25) 9/2.9 1.04 (0.54, 2.03) 0.61 (0.30, 1.20)

Model 1: adjusted for age, sex, study center, and treatment group. Model 2: adjusted for age, sex, study center, treatment group, BMI, smoking and alcohol consumption status, baseline
serum total cholesterol, HDL-cholesterol, folate, homocysteine, fasting glucose, systolic and diastolic blood pressure at baseline, mean systolic and diastolic blood pressure over the
treatment period, and baseline dipstick proteinuria. BMI indicates body mass index; eGFRChinese equation, glomerular filtration rate estimated using the modified Modification of Diet in Renal
Disease (MDRD) equation for Chinese; eGFRCKD-EPI4-level race, glomerular filtration rate estimated using the Chinese Kidney Disease Epidemiology Collaboration 4-level race equation; HDL,
high-density lipoprotein.
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affected eGFR, and thus attenuated its effect on stroke.
However, the analyses stratified by folic acid treatment
groups did not alter our main results.

Proteinuria and Stroke
Most but not all studies have suggested that kidney damage
estimated by proteinuria is an independent risk factor for
some types of stroke.5,29 Our results showed that, in the
absence of proteinuria, an eGFR <90 mL/min per 1.73 m2

(but mostly >60) had no relationship with risk of stroke;
however, the presence of proteinuria amplified the stroke risk.
These findings are similar to previous studies. Recently,
reports from the Kailuan study and the Chronic Renal
Insufficiency Cohort (CRIC) study both showed that protein-
uria but not reduced eGFR increased the risk of stroke in a
general and CKD population, respectively.30,31 The JATOS
study demonstrated that baseline reduced eGFR per se (<60
versus ≥60 mL/min per 1.73 m2) was not significantly
associated with cardiovascular events (P=0.1723); however,
the presence of proteinuria was significantly correlated with
cardiovascular event rates (P=0.0001), an association that
was more apparent in patients with an eGFR <60 mL/min per
1.73 m2 (P<0.0001).8 A large population-based longitudinal
study indicated that the measurement of proteinuria (based
on dipstick and ACR testing) is of incremental prognostic
benefit at every level of eGFR for major cardiovascular
events.32 These results identify the prognostic value of
proteinuria with respect to the incidence of cardiovascular
disease including stroke.

The precise pathophysiologic mechanisms that underlie
the link between proteinuria and stroke are not known and
require further elucidation. As it stands, there are several
potential explanations for why the presence of proteinuria
may be a risk factor for incident stroke in treated hyperten-
sives. First, individuals with proteinuria tend to have a higher
prevalence of traditional risk factors than those without
proteinuria. In our study, the participants with proteinuria had
a higher prevalence of cardiovascular disease risk factors
including older age, higher prevalence of diabetes mellitus,
current alcohol intake, increased systolic and diastolic blood
pressure, higher fasting blood glucose, and higher homocys-
teine than participants without proteinuria. Second, it is likely
that proteinuria and stroke may be linked by a common
pathophysiologic process, such as endothelial dysfunction;
chronic, low-grade inflammation; or increased transvascular
leakage of macromolecules.33,34 Third, proteinuria may
denote a greater severity of end organ damage.35

Our findings support the hypothesis that proteinuria and
reduced filtration function may operate through different
pathophysiologic mechanisms. Our results suggest that the
measurements of urinary protein both with a dipstick (even if

it is a trace amount) and using ACR are good biomarkers for
stroke events and confer a risk of incident stroke independent
of filtration function. The association between dipstick
proteinuria and stroke was similar irrespective of age, sex,
diabetes, hypertension, or treatment (P-value for interaction
all >0.05). The measurement of urinary albumin is costly and
requires strict specimen storage and laboratory testing
methods, whereas dipstick urinalysis is considerably less
expensive, quicker and easier to perform, and thus is more
widely used in clinical settings. Sam et al indicated that
qualitative testing for proteinuria has a high sensitivity and
specificity for diagnosing or ruling out microalbuminuria. They
examined 185 urine samples with trace proteinuria using both
Chemstrips and sulfosalicylic acid testing and found abnormal
albumin excretion in 87% and abnormal total protein excretion
in 88% of the trace samples, respectively, which indicated that
trace proteinuria usually means microalbuminuria.36 As such,
the clinical significance of trace proteinuria should not be
ignored.

Our study had the following limitations. First, we did not
use specific factors for evaluating renal function, such as
cystatin C. The CKD-EPI equation we used in this study had
greater accuracy than the MDRD equation, especially at GFR
≥60 mL/min per 1.73 m2.21 This equation was developed,
based on creatinine, age, sex, and a 2-level variable for race
(black versus white and other). Nevertheless, the applicability
of the CKD-EPI equation to estimate glomerular filtration rate
in Chinese patients has been validated and the findings
indicated that the CKD-EPI 2-level race equation and the
Chinese equation performed similarly in the Chinese popula-
tion, and both performed better than the MDRD study
equation and the CKD-EPI 4-level race equation.17 Moreover,
in a sensitivity analysis, using either the Chinese equation or
the CKD-EPI 4-level race equation to estimate GFR did not
substantially change the results. We only measured 3217
participants using the ACR method; however, we found similar
associations for proteinuria measured by dipstick versus ACR.
Second, our study population contained a small number of
participants with CKD (eGFR <60 mL/min per 1.73 m2) and
incident hemorrhagic stroke, which limited our ability to
detect a relationship between baseline eGFR <60 mL/min per
1.73 m2 and incident stroke and hemorrhagic stroke. An
increased number of CKD and hemorrhagic stroke events is
needed to detect any association between lower eGFR with
stroke and its subtypes. Third, baseline serum creatinine and
urinary proteinuria were only measured once. This could bias
their estimated effects toward the null value and possibly
result in misclassification of the exposure variable so that the
true relation between proteinuria, low eGFR, and stroke is
probably stronger than our findings indicate.37 Finally, we
acknowledge the possibility of residual confounding by other
unmeasured covariates, such as C-reactive protein.The
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strengths of this study include its large sample size and
4.5 years of prospective follow-up. In addition, all of the lab
samples were measured at a central laboratory.

Conclusions
Our findings suggest that spot urinary protein, collected in the
morning and detected by dipstick or ACR, but not reduced
eGFR, is a feasible and independent risk factor for first
incident stroke in adults under treatment for hypertension in
China.

These findings suggest that clinicians and public health
practitioners should be aware that, despite treatment for
hypertension, the presence of even trace amounts of urinary
protein by dipstick or ACR may indicate additionally increased
risk of first stroke. It emphasizes the need and possibility for
early detection and early stroke prevention.
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