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Relationship Between Time- Dependent 
Proteinuria and Risk of Stroke in Population 
With Different Glucose Tolerance Status
Anxin Wang, PhD; Jia Zhang, MD; Jingjing Li, MD; Haibin Li, PhD; Yingting Zuo, MS; Wei Lv, MS; Shuohua Chen, MD;  
Junjuan Li, MD; Xia Meng, MD, PhD; Shouling Wu, MD; Xingquan Zhao, MD, PhD; Yongjun Wang, MD

BACKGROUND: Proteinuria often changes and is known as a “time- dependent exposure.” The effect of time- dependent pro-
teinuria on the risk of future stroke remains unclear. Proteinuria is often detected in patients with diabetes mellitus. The present 
study was designed to evaluate the association between time- dependent proteinuria and the risk of stroke in a patient cohort 
with different glucose tolerance status.

METHODS AND RESULTS: A total of 82 938 participants, who were free of myocardial infarction or stroke and underwent fasting 
blood glucose and urinary protein measurements at baseline in the Kailuan study, were enrolled. Proteinuria was determined 
using urine dipstick tests at baseline and subsequent follow- ups. Time- dependent proteinuria was defined as the status of 
urine protein updated through the follow- up examinations, separately. Time- dependent Cox regression models were used to 
analyze the relationship between time- dependent proteinuria and the risk of stroke. During a median follow- up of 8.37 years, 
2538 participants developed stroke. After adjusting for confounding factors, the hazard ratio (95% CI) for stroke in time- 
dependent proteinuria among all participants, and the normoglycemia, prediabetes, and diabetes mellitus populations were 
1.68 (1.49–1.89), 1.73 (1.47–2.05), 2.15 (1.70–2.72), and 1.30 (1.03–1.65), respectively. There were interaction effects in patients 
with normoglycemia and prediabetes compared with those with diabetes mellitus. Findings were similar for ischemic and 
hemorrhagic strokes and were confirmed in sensitivity analyses.

CONCLUSIONS: Time- dependent proteinuria is an independent risk factor of stroke, especially in the normoglycemia and pre-
diabetes populations.
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Stroke causes death and disability in adults 
worldwide,1–3 and identifying and managing risk 
factors for stroke are essential and urgent for 

disease prevention. Urine protein dipstick testing is 
a common tool used to screen for proteinuria, which 
is an indicator of chronic kidney disease.4 Several 
studies have suggested that proteinuria is linked to 
an increase in stroke events.5–7 However, proteinuria 
is a changeable exposure, which may increase or 

decrease at different stages of monitoring8 and, there-
fore, is termed “time dependent.”9 Time- dependent 
exposure exerts its short- term effects on outcomes,9 
which is defined as the effect of the interval between 
updates of exposure. Previous studies have generally 
examined urine protein at baseline or assessed the 
long- term effect of proteinuria on stroke. Few studies, 
however, have investigated time- dependent protein-
uria and its relationship with stroke. Thus, the impact 
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of time- dependent proteinuria on stroke risk remains 
unclear.

Prediabetes is an intermediated state between nor-
mal glucose tolerance and diabetes mellitus, which in-
cludes impaired fasting glucose or impaired glucose 
tolerance.10 The American Diabetes Association de-
fines prediabetes as a fasting plasma glucose concen-
tration of 5.6 to 6.9 mmol/L.11 Researchers have found 
that individuals with prediabetes demonstrated a high 
risk of hypertension, dyslipidemia, diabetes mellitus, 
and cerebrovascular disease such as stroke.12,13 It has 
been established that diabetes mellitus is also an inde-
pendent risk factor for stroke.13 Studies have demon-
strated that urine protein can be detected in patients 
with diabetes mellitus.14 The association between 
time- dependent proteinuria and stroke in individuals 
with prediabetes or diabetes mellitus needs to be ex-
amined. Previous studies have reported that protein-
uria has a long- term effect on stroke incidence in the 
populations with prediabetes and diabetes mellitus.15 
However, the relationship between time- dependent 
proteinuria and stroke risk has not been investigated 
in larger cohorts with diverse glucose levels.

Therefore, we conducted this study to investigate 
the effect of proteinuria, especially the effect of time- 
dependent proteinuria, on subsequent stroke among 
a large cohort of the Chinese population with different 
glucose levels.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Participants
The Kailuan study was a prospective cohort investi-
gation involving 101 510 individuals aged 18–98 years 
in the Kailuan community in Tangshan, China. The 
design and characteristics of the Kailuan study have 
been described in detail previously.16,17 For the present 
study, we excluded the following participants: 3669 
with a history of myocardial infarction or stroke; 5476 
without data regarding measured urinary protein; 
and 9427 who did not undergo urine dipstick test-
ing in 2008, 2010, 2012, or 2014. Ultimately, 82 938 
participants were included in this study (Figure  1). 
The characteristics of the participants and nonpar-
ticipants are summarized in Supplementary Material 
Table S1. All participants were provided with writ-
ten informed consent, and the study was approved 
by the Ethics Committees of both Beijing Tiantan 
Hospital and Kailuan General Hospital and adhered 
to the principles of the Declaration of Helsinki.

Definition of Time- Dependent Proteinuria
A midstream morning urine sample was collected from 
each participant at the baseline examination (2005–
2006) and at subsequent follow- ups, that is, first 
(2007–2008), second (2009–2010), third (2011–2012), 
and fourth (2012–2014). Samples from females were 
collected during the nonmenstrual period. Proteinuria 
was detected using automated dipstick urinalysis 
(H12- MA, DIRUI N- 600), and test results were classi-
fied as none, trace, and 1+ through 4+. A number from 
1 to 5 was used to describe each urine protein level 
from “none,” “trace,” “1+,” “2+,” and “≥3+” to reflect the 
severity of proteinuria. Proteinuria was defined dichot-
omously as negative (none, trace) or positive (1+ and 
above). Time- dependent proteinuria was defined as 
the status of urine protein updated through the follow-
 up examinations, separately.

Definition of Glucose Tolerance Status
According to criteria from the American Diabetes 
Association, prediabetes is defined as a fasting plasma 
glucose concentration of 5.6 to 6.9  mmol/L, and 
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diabetes mellitus is defined as a fasting glucose level 
≥7.0 mmol/L, or in those taking oral hypoglycemic agents 
or insulin, or having a history of diabetes mellitus.11

Potential Confounding Variables
Demographic information (eg, age, sex), behavioral risk 
factors (including smoking status and drinking), and 
clinical data (eg, a history of hypertension, dyslipidemia) 
were collected via standardized questionnaires.15 Body 
mass index was calculated as weight (kg) divided by 
height in meters squared (m2). Smoking and drinking 
status were classified as “never,” “former,” or “current.” 
Hypertension was defined as taking antihypertensive 
agents, or a systolic blood pressure ≥140 mm Hg, a di-
astolic blood pressure ≥90 mm Hg, or having a history 
of hypertension. Dyslipidemia was defined as triglycer-
ide levels >1.7 mmol/L, total cholesterol >5.17 mmol/L, 
low- density lipoprotein cholesterol ≥3.37  mmol/L, or 
high- density lipoprotein cholesterol <1.04 mmol/L, tak-
ing lipid- lowering agents, or a history of dyslipidemia. 
Blood samples were stored in EDTA tubes after an 
overnight fast. Fasting blood glucose, triglyceride, 
total cholesterol, low-density lipoprotein cholesterol, 
high-density lipoprotein cholesterol, and, serum cre-
atinine were measured by an auto- analyzer (Hitachi 
747; Hitachi, Tokyo, Japan) at the central laboratory 

of the Kailuan General Hospital. The estimated glo-
merular filtration rate (eGFR) was calculated by a modi-
fied 4- variable Chronic Kidney Disease Epidemiology 
Collaboration (CKD- EPI) formula and adjusted for the 
Chinese population by multiplying a coefficient of 1.1.18

Follow- Up and Stroke Assessment
Participants underwent face- to- face follow- up by 
trained physicians who were blinded to the baseline 
information at every 2- year routine medical examina-
tion until December 31, 2015, or to the event of interest 
or death. The primary end point evaluated was the first 
occurrence of stroke, which is defined by the World 
Health Organization criteria19 as an acute neurological 
deficit lasting >24 hours or leading to death.

Stroke diagnosis was additionally confirmed using 
brain computed tomography or magnetic resonance 
imaging and classified into 3 types: cerebral infarc-
tion, cerebral hemorrhage, and subarachnoid hem-
orrhage. Considering the small sample size (n=65), in 
this study subarachnoid hemorrhage was excluded in 
the subgroup analyses. The criteria of diagnosis were 
consistent across all participating hospitals. All out-
comes were validated by the Data Safety Monitoring 
Board and the Arbitration Committee for Clinical 
Outcomes.

Figure 1. Flow chart of the study.
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Statistical Analysis
Statistical analyses were performed using SAS version 
9.4 (SAS Institute Inc., Cary, NC). Continuous variables 
were expressed as mean±SD and were compared 
by ANOVA. Categorical variables were expressed as 
frequencies and percentages and were compared 
using the chi- square test. Time- dependent Cox 
proportional- hazards regression was used to assess 
associations between the stroke incidence and time- 
dependent proteinuria and calculated hazard ratios 
(HRs) and corresponding 95% CIs. Three models were 
used to adjust for all potential confounding system-
atically. The crude model was the unadjusted model. 
Model 1 was adjusted for age and sex. Model 2 was 
further adjusted for smoking status, drinking status, 
body mass index, hypertension, dyslipidemia, glucose 
tolerance status, and eGFR on the basis of Model 1. 
In the time- dependent analysis, the follow- up time for 
each participant was divided into different intervals. For 
each interval, a separate Cox regression analysis was 
performed using the specific result of urine protein at 
the beginning of the specific interval. Then, a weighted 
average of specific results was calculated across all 
the intervals. Finally, this weighted average of the se-
ries of short- term effects of urine protein on the stroke 
incidence is presented as a single HR.9,20 To examine 
the potential effect of non- stroke- related death as a 
competing risk rather than a censoring event, which 
impeded the occurrence of stroke, a competing risk 
model (also known as the Fine and Gray model) was 
conducted. The Cox model with a sandwich covari-
ance matrix was used as a random effect to account 
for the potential confounding effects of different hos-
pitals, given that participants were from 11 hospitals. 
The cumulative risk of stroke in time- dependent pro-
teinuria was estimated via a Kaplan- Meier method and 
compared by the Fine and Gray’s test.

Additionally, we conducted interaction analyses to 
assess whether effect of time- dependent proteinuria on 
the risk of stroke differed among participants with dif-
ferent glucose tolerance status. Furthermore, sensitivity 
analyses were conducted to test the robustness of the 
findings. Because major fatal diseases, such as end- 
stage renal disease (eGFR <15  mL/min per 1.73  m2), 
could affect proteinuria and future stroke risk, and glu-
cose tolerance status would have changed during the 
follow- up period, the analyses were repeated, respec-
tively, after excluding individuals with these conditions. All 
of our statistical tests were 2- sided, and differences with 
P<0.05 were considered to be statistically significant.

RESULTS
In this study, the mean (±SD) age of the population was 
50.68±11.98  years, and 17 737 (21.39%) participants 

were female. The prevalence of prediabetes and dia-
betes mellitus was 19.69% (n=16 332) and 8.58% 
(n=7119). During a median follow- up of 8.37 years (in-
terquartile range [IQR]: 7.91–8.75 years), 2538 (3.06%) 
participants developed stroke, of which 2047 were is-
chemic stroke, 495 were hemorrhagic stroke, and 65 
were subarachnoid hemorrhage.

Participants were classified into different groups 
based on the urine protein monitoring result at base-
line and follow- ups to describe the baseline charac-
teristics (shown in Table 1). Proteinuria for one or more 
time group was defined as positive for urine protein in 
any of the tests, and the no proteinuria group was de-
fined as negative in all the tests. Participants in whom 
proteinuria was detected once or more times were 
more likely to be men and older; have a higher body 
mass index, systolic blood pressure and diastolic 

Table 1. Characteristics of the Study Population at 
Baseline

Variable
No Proteinuria 

(N=79766)
Proteinuria for One or 
More Times (N=3172)

Age, y, mean±SD 50.59±11.96 52.79±12.20*

Female, n (%) 17 109 (21.45) 628 (19.80)*

Current smoker, n (%) 26 722 (33.50) 950 (29.95)*

Current alcohol, n (%) 29 456 (36.93) 1041 (32.82)*

BMI, kg/m2, 
mean±SD

25.03±3.45 26.00±3.74*

SBP, mm Hg, 
mean±SD

129.67±20.16 141.17±23.65*

DBP, mm Hg, 
mean±SD

83.11±11.50 88.77±13.56*

Hypertension, n (%) 33 024 (41.40) 2054 (64.75)*

Dyslipidemia, n (%) 27 446 (34.41) 1436 (45.27)*

Glucose tolerance status, n (%)

Normal 57 692 (72.33) 1795 (56.59)*

Prediabetes 15 656 (19.63) 676 (21.31)

Diabetes mellitus 6418 (8.05) 701 (22.10)

FBG, mmol/L, 
mean±SD

5.40±1.56 6.24±2.56*

TC, mmol/L, 
mean±SD

4.94±1.13 5.12±1.35*

TG, mmol/L, 
mean±SD

1.66±1.37 2.06±1.69*

LDL- C, mmol/L, 
mean±SD

2.34±0.92 2.33±1.03

HDL- C, mmol/L, 
mean±SD

1.55±0.40 1.58±0.42*

eGFR (mL/min per 
1.73 m2), mean±SD

82.70±25.27 78.20±28.77*

Data are presented as N, n (%) or mean±SD. BMI indicates body mass 
index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration 
rate; FBG, fasting blood glucose; HDL- C, high- density lipoprotein cholesterol; 
LDL- C, low- density lipoprotein cholesterol; SBP, systolic blood pressure; TC, 
total cholesterol; and TG, triglyceride.

*There were significant differences between the no proteinuria group and 
the proteinuria for one or more times group (P<0.05).
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blood pressure, and plasma concentrations of fast-
ing blood glucose, total cholesterol, triglyceride, and 
high-density lipoprotein; prevalence of hypertension, 
prediabetes, diabetes mellitus, and dyslipidemia, 
and a lower prevalence of smoking and drinking; and 
have lower eGFR (P<0.05).

Cumulative incidence curves were obtained for 
all- type stroke and subtype stroke according to time- 
dependent proteinuria. Patients with time- dependent 
proteinuria demonstrated a higher risk for all- type 
(Figure  2A), ischemic (Figure  2B), and hemorrhagic 
(Figure 2C) stroke (P<0.05). The multivariate Cox regres-
sion model (Model 2) of the association between severity 
of proteinuria and stroke risk revealed that patients with 
each increase in proteinuria grades had 1.24 (95% CI, 
1.18–1.30), 1.21 (95% CI, 1.14–1.27), and 1.37 (95% CI, 
1.25–1.50) higher risks of all- type stroke, ischemic stroke, 
and hemorrhagic stroke, respectively. As the severity of 
proteinuria increased, the risk of stroke increased.

Next, we assessed the association of time- 
dependent proteinuria with the risk of stroke and the 
relationship between them in different glucose toler-
ance status subgroups (shown in Table 2). In the crude 
Cox regression model, time- dependent proteinuria 
was associated with the stroke incidence in all partici-
pants (HR, 2.36; 95% CI, 2.10–2.65), and in those with 
normoglycemia (HR, 2.25; 95% CI, 1.91–2.66), predi-
abetes (HR, 2.52; 95% CI, 1.99–3.20), and diabetes 
mellitus (HR, 1.51; 95% CI, 1.20–1.90). After adjusting 
for confounding factors, time- dependent proteinuria 
remained a predictor of stroke among all participants 
(HR, 1.68; 95% CI, 1.49–1.89), and those with normo-
glycemia (HR, 1.73; 95% CI, 1.47–2.05), prediabetes 
(HR, 2.15; 95% CI, 1.70–2.72), and diabetes mellitus 
(HR, 1.30; 95% CI, 1.03–1.65). In patients with time- 
dependent proteinuria, the risks of stroke were higher in 
the normoglycemia and prediabetes groups than in the 

diabetes mellitus group. Furthermore, we performed 
interaction analyses to assess the interaction between 
time- dependent proteinuria and glucose tolerance on 
the risks of stroke. Multivariable Cox models revealed 
that time- dependent proteinuria was significantly asso-
ciated with an increased risk of stroke among patients 
with normoglycemia and prediabetes (P for interaction 
<0.01) compared with diabetes mellitus.

Similar results were observed for ischemic stroke 
and hemorrhagic stroke. However, there was no sig-
nificant interaction between time- dependent protein-
uria and glucose tolerance status on the occurrence of 
hemorrhagic stroke (P for interaction >0.05).

In the sensitivity analysis, after excluding partici-
pants with end- stage renal disease (shown in Table 2, 
sensitivity analysis 1) or altered glucose tolerance sta-
tus (shown in Table  2, sensitivity analysis 2), similar 
results were observed. These sensitivity analyses con-
firmed the results (Table 2).

DISCUSSION
In this large prospective study, we investigated the 
relationship between time- dependent proteinu-
ria and the incidence of stroke. We observed that 
time- dependent proteinuria was associated with an 
increased risk of stroke―both ischemic and hemor-
rhagic. Especially in the normoglycemia and pre-
diabetes populations, time- dependent proteinuria 
significantly increased the risk of stroke. Our inves-
tigation was a prospective study to determine the 
predictive value of time- dependent proteinuria for 
stroke. Based on our results, clinicians need to focus 
on the effect of time- dependent proteinuria for stroke 
prevention, which is associated with the occurrence 
of stroke, especially in normoglycemia and prediabe-
tes populations.

Figure 2. Cumulative incidence curves for all- type stroke (A), ischemic stroke (B), and hemorrhagic stroke (C) by time- 
dependent proteinuria.
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Chronic kidney disease, which is defined as de-
creased eGFR or the presence of proteinuria, af-
fects 8% to 16% of the population worldwide. With 
advances in research, we have gradually realized 
that chronic kidney disease contributes to the risk 
of stroke.21 Previous studies have reported that 
urine protein is independently associated with stroke 
risk.5,7,22 The REGARDS (Reasons for Geographic and 
Racial Differences in Stroke) study indicated that uri-
nary albumin excretion was associated with a higher 
stroke risk in black patients.22 A meta- analysis of 10 
studies revealed that subjects with proteinuria had a 
higher risk for stroke compared with those without 
proteinuria.5 Another study with a 27- year follow- up 
reported that proteinuria independently predicted an 
increased risk of stroke.7 All of these studies had a 

common limitation, which was the assessment of 
proteinuria only once, and focused on the long- term 
effect of baseline proteinuria on long- term cardio-
vascular events. Because proteinuria is a change-
able exposure, attention must to be devoted to its 
short- term effect. In our study, we measured urine 
protein in a short interval, which may provide a more 
accurate assessment of proteinuria, and assessed 
the short- term effect of proteinuria on cerebrovascu-
lar diseases. Similarly, our results indicated that the 
risk of stroke was increased in participants with time- 
dependent proteinuria compared with those without 
proteinuria. It is necessary for clinicians to strengthen 
monitoring of urinary protein, especially in a short in-
terval, and devote attention to the short- term effect 
of proteinuria to prevent stroke.

Table 2. Hazard Ratio (HR) for the Association Between Time- Dependent Proteinuria and Risk of Stroke Among All 
Participants, and Stratified Analysis in Subgroups With Different Glucose Tolerance Status Subgroups

Total Normoglycemia* Prediabetes* Diabetes Mellitus*

All- type stroke

Crude model 2.36 (2.10–2.65) 2.25 (1.91–2.66) 2.52 (1.99–3.20) 1.51 (1.20–1.90)

Model 1 2.08 (1.85–2.34) 1.98 (1.68–2.34) 2.37 (1.87–3.00) 1.41 (1.12–1.78)

Model 2 1.68 (1.49–1.89) 1.73 (1.47–2.05) 2.15 (1.70–2.72) 1.30 (1.03–1.65)

P for interaction† 0.01 <0.01 Reference

Sensitivity analysis 1 1.68 (1.49–1.89) 1.73 (1.47–2.05) 2.16 (1.71–2.73) 1.30 (1.03–1.65)

P for interaction† 0.01 <0.01 Reference

Sensitivity analysis 2 1.61 (1.42–1.83) 1.67 (1.40–1.99) 2.19 (1.72–2.79) 1.20 (0.86–1.45)

P for interaction† <0.01 <0.01 Reference

Ischemic stroke

Crude model 2.26 (1.98–2.58) 2.11 (1.75–2.56) 2.44 (1.87–3.18) 1.45 (1.13–1.87)

Model 1 1.97 (1.72–2.24) 1.83 (1.51–2.21) 2.26 (1.73–2.95) 1.35 (1.05–1.74)

Model 2 1.57 (1.38–1.80) 1.61 (1.33–1.95) 2.06 (1.58–2.69) 1.26 (0.97–1.62)

P for interaction† 0.03 <0.01 Reference

Sensitivity analysis 1 1.58 (1.38–1.80) 1.61 (1.33–1.95) 2.07 (1.59–2.70) 1.26 (0.97–1.62)

P for interaction† 0.03 <0.01 Reference

Sensitivity analysis 2 1.52 (1.32–1.75) 1.56 (1.27–1.90) 2.15 (1.64–2.81) 1.08 (0.82–1.43)

P for interaction† 0.01 <0.01 Reference

Hemorrhagic stroke

Crude model 2.79 (2.18–3.58) 2.59 (1.84–3.66) 2.80 (1.68–4.64) 2.35 (1.39–3.96)

Model 1 2.54 (1.99–3.26) 2.36 (1.67–3.34) 2.65 (1.60–4.39) 2.28 (1.35–3.87)

Model 2 2.13 (1.65–2.73) 2.03 (1.44–2.86) 2.37 (1.44–3.92) 2.10 (1.22–3.60)

P for interaction† 0.98 0.62 Reference

Sensitivity analysis 1 2.13 (1.65–2.73) 2.03 (1.44–2.87) 2.37 (1.43–3.91) 2.10 (1.22–3.61)

P for interaction† 0.98 0.62 Reference

Sensitivity analysis 2 1.96 (1.50–2.56) 1.89 (1.31–2.72) 2.21 (1.30–3.76) 1.77 (0.98–3.20)

P for interaction† 0.90 0.59 Reference

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, smoking status, drinking status, body mass index, hypertension, dyslipidemia, glucose 
tolerance status, and estimated glomerular filtration rate. Sensitivity analysis 1: Adjusted for model 2 and further excluded individuals with end- stage renal 
disease (estimated glomerular filtration rate <15 mL/min per 1.73 m2). Sensitivity analysis 2: Adjusted for model 2, further excluded individuals with changes of 
glucose tolerance status.

*Stratified analysis was conducted in different glucose tolerance status subgroups.
†Interaction effect analyses were performed to analyze the impact of different glucose tolerance status on the association of time- dependent proteinuria with 

risk of stroke via Cox regression analysis in model 2, sensitive analysis 1, and sensitive analysis 2. The diabetes mellitus group was treated as the reference.
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Clinical proteinuria is an ominous development in 
subjects with diabetes mellitus and leads to decline 
in glomerular filtration and premature cardiovascular 
mortality.23 Therefore, we analyzed the association 
between time- dependent proteinuria and stroke in-
cidence in subgroups with diverse glucose tolerance 
status. Interestingly, the impact of time- dependent 
proteinuria on incident stroke or ischemic stroke 
was increased in the normoglycemia and predia-
betes groups compared with the diabetes mellitus 
populations. To our knowledge, such findings have 
not been previously reported. However, there were 
no significant interactions between time- dependent 
proteinuria and hemorrhagic stroke among individu-
als with different glucose tolerance status. Therefore, 
identification and monitoring proteinuria in subjects 
with normoglycemia or prediabetes may provide an 
opportunity for improvement of modifiable lifestyle 
factors and medical intervention at an earlier stage to 
prevent the progression to stroke.

The pathophysiological mechanisms of stroke 
caused by proteinuria remain unclear; however, there 
are several potential explanations. Proteinuria is asso-
ciated with inflammation and thromboembolism and 
reflects endothelial dysfunction, which all facilitate the 
progression of atherosclerosis.21,24 Insulin resistance 
is also suggested to play an important role in the in-
creased cardiovascular risk conferred by proteinuria.25 
Otherwise, patients with proteinuria tend to have 
higher risks of traditional cardiovascular diseases, 
such as diabetes mellitus or hypertension. Proteinuria 
may be a consideration of shared risk factors for cere-
brovascular disease and not a direct cause of new 
strokes. Changes in urine protein may be an indicator 
of the severity of these stroke risk factors. Whether 
proteinuria is a potential therapeutic target for stroke 
requires further investigations to verify.

However, some limitations to the present study 
should be addressed. First, urinary albumin excretion 
can be measured by 24- hour urine albumin excre-
tion, albumin- creatinine ratio, and dipstick test. Due 
to the practical circumstances and limited facilities, 
the dipstick test has been adopted as a common and 
convenient method and is suitable for large- scale 
screening. Second, participants in our study were 
exclusively an Asian population; therefore, further 
studies, including other ethnic groups, are needed 
to validate our findings. Third, the causes of protein-
uria are variable, and patients with proteinuria would 
exhibit some abnormal results such as coagulation 
factors. Our study enrolled a large number of par-
ticipants; as such, it is difficult to examine the rea-
sons for proteinuria and draw definitive conclusions 
regarding abnormal results related to proteinuria. All 
of these limitations need to be addressed in our fu-
ture studies.

In conclusion, we observed a relationship between 
time- dependent proteinuria and the risk of stroke. 
Time- dependent proteinuria was a more significant 
risk factor of stroke, especially in the normoglycemia 
and prediabetes populations. Our findings suggested 
that time- dependent proteinuria is an independent risk 
factor of stroke.

ARTICLE INFORMATION
Received January 2, 2020; accepted April 21, 2020.

Affiliations
From the China National Clinical Research Center for Neurological Diseases 
(A.W., J.Z., Y.Z., W.L., X.M., X.Z., Y.W.) and Department of Neurology (A.W., 
J.Z., Y.Z., W.L., X.M., X.Z., Y.W.), Beijing Tiantan Hospital, and School of 
Public Health (H.L.), Capital Medical University, Beijing, China; Department of 
Neurology, Yangquan Coalmine Group General Hospital, Yangquan, China 
(Jingjing L.); Departments of Cardiology (S.C., S.W.) and Nephrology (Junjuan 
L.), Kailuan Hospital, North China University of Science and Technology, 
Tangshan, China.

Acknowledgments
We gratefully appreciate all of the staff.

Sources of Funding
This work was supported by a grant from Young Elite Scientists Sponsorship 
Program by CAST (2018QNRC001), grants from the Ministry of Science 
and Technology of the People’s Republic of China (2016YFC0901002, 
2016YFC0901001, 2017YFC1310901, 2017YFC1307905, 2018YFC1312903), 
grants from Beijing Municipal Administration of Hospitals’ Mission Plan 
(SML20150502), grants from Beijing Municipal Administration of Hospital’s 
Apex Plan (DFL20150501), grants from Beijing Municipal Science and 
Technology Commission (D171100003017002, D151100002015003, 
Z161100002616008) and grants from National Science and Technology 
Major Project (2017ZX09304018).

Disclosures
None.

Supplementary Material
Table S1

REFERENCES
 1. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, Ezzati 

M, Shibuya K, Salomon JA, Abdalla S, et al. Disability- adjusted life years 
(DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a sys-
tematic analysis for the Global Burden of Disease Study 2010. Lancet. 
2012;380:2197–2223.

 2. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, Wan X, Yu S, 
Jiang Y, Naghavi M, et al. Rapid health transition in China, 1990–2010: 
findings from the Global Burden of Disease Study 2010. Lancet. 
2013;381:1987–2015.

 3. Wang W, Wang D, Liu H, Sun H, Jiang B, Ru X, Sun D, Chen Z, Wang 
Y. Trend of declining stroke mortality in China: reasons and analysis. 
Stroke Vasc Neurol. 2017;2:132–139.

 4. Eckardt KU, Berns JS, Rocco MV, Kasiske BL. Definition and clas-
sification of CKD: the debate should be about patient prognosis—a 
position statement from KDOQI and KDIGO. Am J Kidney Dis. 
2009;53:915–920.

 5. Ninomiya T, Perkovic V, Verdon C, Barzi F, Cass A, Gallagher M, Jardine 
M, Anderson C, Chalmers J, Craig JC, et al. Proteinuria and stroke: a 
meta- analysis of cohort studies. Am J Kidney Dis. 2009;53:417–425.

 6. Li Z, Wang A, Cai J, Gao X, Zhou Y, Luo Y, Wu S, Zhao X. Impact of 
proteinuria and glomerular filtration rate on risk of ischaemic and in-
tracerebral hemorrhagic stroke: a result from the Kailuan study. Eur J 
Neurol. 2015;22:355–360.



J Am Heart Assoc. 2020;9:e015776. DOI: 10.1161/JAHA.120.015776 8

Wang et al Time- Dependent Proteinuria and Stroke

 7. Madison JR, Spies C, Schatz IJ, Masaki K, Chen R, Yano K, Curb 
JD. Proteinuria and risk for stroke and coronary heart disease during 
27  years of follow- up: the Honolulu Heart Program. Arch Intern Med. 
2006;166:884.

 8. Brantsma AH, Bakker SJ, de Zeeuw D, de Jong PE, Gansevoort RT. 
Extended prognostic value of urinary albumin excretion for cardiovas-
cular events. J Am Soc Nephrol. 2008;19:1785–1791.

 9. Xie D, Yang W, Jepson C, Roy J, Hsu JY, Shou H, Anderson AH, Landis 
JR, Feldman HI; Chronic Renal Insufficiency Cohort (CRIC) Study 
Investigators. Statistical methods for modeling time- updated exposures 
in cohort studies of chronic kidney disease. Clin J Am Soc Nephrol. 
2017;12:1892–1899.

 10. Soler Pujol G. Diagnosis and classification of diabetes mellitus. Diabetes 
Care. 2010;33:S62–S69.

 11. Report of the expert committee on the diagnosis and classification of 
diabetes mellitus. Diabetes Care. 2003;26(suppl 1):S5–S20.

 12. Lee M, Saver JL, Hong KS, Song S, Chang KH, Ovbiagele B. Effect of pre- 
diabetes on future risk of stroke: meta- analysis. BMJ. 2012;344:e3564.

 13. Abbott RD, Donahue RP, Macmahon SW, Reed DM, Yano K. 
Diabetes and the risk of stroke. The Honolulu Heart Program. JAMA. 
1987;257:949–952.

 14. Danaei G, Yuan L, Singh GM, Carnahan E, Stevens GA, Cowan MJ, 
Farzadfar F, Lin JK, Finucane MM, Rao M. Cardiovascular disease, 
chronic kidney disease, and diabetes mortality burden of cardiomet-
abolic risk factors from 1980 to 2010: a comparative risk assessment. 
Lancet Diabetes Endocrinol. 2014;2:634–647.

 15. Wang A, Jiang R, Su Z, Zhang J, Zhao X, Wu S, Guo X. Association 
of persistent, incident, and remittent proteinuria with stroke risk in pa-
tients with diabetes mellitus or prediabetes mellitus. J Am Heart Assoc. 
2017;6:e006178. DOI: 10.1161/JAHA.117.006178.

 16. Wu S, Li Y, Jin C, Yang P, Li D, Li H, Shen C. Intra- individual variability 
of high- sensitivity C- reactive protein in Chinese general population. Int 
J Cardiol. 2012;157:75–79.

 17. Wang A, Wu J, Zhou Y, Guo X, Luo Y, Wu S, Zhao X. Measures of adi-
posity and risk of stroke in China: a result from the Kailuan study. PLoS 
One. 2013;8:e61665.

 18. Teo BW, Xu H, Wang D, Li J, Sinha AK, Shuter B, Sethi S, Lee EJ. GFR 
estimating equations in a multiethnic Asian population. Am J Kidney Dis. 
2011;58:56–63.

 19. Stroke–1989. Recommendations on stroke prevention, diagnosis, 
and therapy. Report of the WHO Task Force on Stroke and other 
Cerebrovascular Disorders. Stroke. 1989;20:1407–1431.

 20. Dekker FW, de Mutsert R, van Dijk PC, Zoccali C, Jager KJ. Survival 
analysis: time- dependent effects and time- varying risk factors. Kidney 
Int. 2008;74:994–997.

 21. Kazunori T, Toshiharu N. Stroke and cerebrovascular diseases in pa-
tients with chronic kidney disease. Lancet Neurol. 2014;13:823–833.

 22. Gutiérrez OM, Judd SE, Paul M, Rizk DV, Mcclellan WM, Safford MM, 
Mary C, Kissela BM, Howard VJ, Warnock DG. Racial differences in al-
buminuria, kidney function, and risk of stroke. Neurology. 2012;79:1686.

 23. Viberti G. Etiology and prognostic significance of albuminuria in diabe-
tes. Diabetes Care. 1988;11:840–845.

 24. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink 
HJ, Mann JF, Matsushita K, Wen CP. Chronic kidney disease and car-
diovascular risk: epidemiology, mechanisms, and prevention. Lancet. 
2013;382:339–352.

 25. De Cosmo S, Minenna A, Ludovico O, Mastroianno S, Di Giorgio A, Pirro 
L, Trischitta V. Increased urinary albumin excretion, insulin resistance, and 
related cardiovascular risk factors in patients with type 2 diabetes: evi-
dence of a sex- specific association. Diabetes Care. 2005;28:910–915.

https://doi.org/10.1161/JAHA.117.006178


 

 

 

 

 

 

SUPPLEMENTAL MATERIAL 
 



Table S1. Characteristics of participants excluded from or included in the study. 

Variable Participants included 

(N=82938) 

Participants excluded 

(N=14903) 

P Value 

Age in years, mean ±SD 50.68±11.98 56.18±14.65 < 0.01 

Female, n (%) 17737(21.39) 2232(14.98) < 0.01 

Current smoker, n (%) 27672(33.36) 4665(31.30) < 0.01 

Current alcohol, n (%) 30497(36.77) 4903(32.90) < 0.01 

BMI, kg/m2, mean ±SD 25.07±3.46 24.72±3.63 < 0.01 

SBP, mmHg, mean ±SD 130.11±20.42 133.63±23.20 < 0.01 

DBP, mmHg, mean ±SD 83.33±11.63 83.64±12.48 0.13 

Hypertension, n (%) 35078(42.29) 6873(46.12) < 0.01 

Glucose tolerance status, n (%)    

  normal 59487(71.72) 9699(65.08) < 0.01 

  Pre-diabetes, 16332(19.69) 3566(23.93)  

  Diabetes mellitus 7119(8.58) 1638(10.99)  

Dyslipidemia, n (%) 28882(34.82) 5517(37.02) < 0.01 

FBG, mmol/L, mean ±SD 5.43±1.62 5.68±1.91 < 0.01 

TC, mmol/L, mean ±SD 4.95±1.14 4.93±1.18 0.02 

TG, mmol/L, mean ±SD 1.68±1.38 1.64±1.31 0.20 

LDL, mmol/L, mean ±SD 2.34±0.92 2.38±0.84 < 0.01 

HDL, mmol/L, mean ±SD 1.55±0.40 1.54±0.40 < 0.01 

eGFR (ml/min/1.73m2), mean ±SD 82.53±25.43 80.71±27.63 < 0.01 

Data are presented as N, n (%) or mean ±SD.  

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting 

blood glucose; TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein 

cholesterol; HDL-C: high-density lipoprotein cholesterol; eGFR: estimated glomerular filtration 

rate; SD: standard deviation. 

  

 


