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Background-—Proteinuria often changes dynamically, showing either regression or progression. The impact of changes in
proteinuria on future stroke risk remains largely unknown. We hypothesized that changes in proteinuria would be associated with
stroke risk in patients with diabetes mellitus and prediabetes mellitus.

Methods and Results-—The study population included 17 380 participants with diabetes mellitus or prediabetes mellitus enrolled
in a prospective Chinese cohort. From the baseline and 2-year dipstick screening results, participants were classified as having no
proteinuria or remittent, incident, or persistent proteinuria. Reduction in proteinuria was calculated as the baseline minus 2-year
proteinuria. Stroke outcomes were assessed in subsequent follow-ups. Data were analyzed using Cox proportional-hazards models.
During a median follow-up of 6.9 years, we identified 751 patients with stroke. Stroke risk was increased for participants with
persistent (hazard ratio [HR], 1.64; 95% confidence interval [CI], 1.18–2.30), incident (HR, 1.52; 95% CI, 1.22–1.89), and remittent
(HR, 1.42; 95% CI, 1.01–2.02) proteinuria compared with those with no proteinuria. Persistent proteinuria was associated with a
higher risk of stroke for participants with prediabetes mellitus (HR, 2.58; 95% CI, 1.58–4.22) compared with those with diabetes
mellitus (HR, 1.35; 95% CI, 0.86–2.12 [P for interaction=0.0083]). Proteinuria reduction contributed to a decrease in stroke
incidence (HR, 0.88; 95% CI, 0.81–0.95). The results were confirmed by sensitivity analyses.

Conclusions-—Persistent, incident, and remittent proteinuria are independent indicators of stroke risk in both diabetic and
prediabetic populations. ( J Am Heart Assoc. 2017;6:e006178. DOI: 10.1161/JAHA.117.006178.)
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S troke is a major cause of death and disability globally.
Although traditional cardiovascular risk factors are well

established, a better understanding of novel risk factors that
contribute to stroke risk is important for stroke prevention.
The urine dipstick is a widely used tool in clinical screening for
proteinuria because of its easy accessibility and low cost.1

Dipstick-positive proteinuria, a sign of chronic kidney disease,
has emerged as a powerful and independent predictor of
cardiovascular disease. Data suggest that baseline protein-
uria confers a 50% to 92% greater risk of future stroke.2

However, proteinuria often changes dynamically, showing
either regression or progression.3 Previous studies have
examined proteinuria using only a single measurement.4–6

The value of multiple dipstick measurements for demon-
strating changes in proteinuria and its relation to stroke
outcomes has rarely been investigated. Thus, it is unclear
whether changes in proteinuria also have an impact on
stroke risk. Proteinuria is commonly detected in the diabetic
population.7 Prediabetes mellitus is an intermediate hyper-
glycemic state between normoglycemia and diabetes
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mellitus that affects about a third of persons worldwide.8

These individuals also have a significantly increased risk of
diabetes mellitus, chronic kidney disease, and cardiovascular
disease, highlighting the public health impact of this
disorder. The relationship between changes in proteinuria
and stroke risk in this disease category has not been
specifically examined.

Therefore, we conducted this study to assess the predic-
tive value of proteinuria change for subsequent stroke
outcomes in participants with diabetes mellitus or prediabetes
mellitus. We also analyzed whether reduction in proteinuria
would have a protective effect on stroke risk.

Methods

Study Population
The Kailuan Study is a prospective cohort study consisting of
101 510 individuals from the Kailuan Community in Tang-
shan, China. The study details have been previously
reported.6,9–11 In brief, all participants aged 18 to 98 years
at the first examination from June 2006 to October 2007
underwent face-to-face questionnaire interviews as well as
clinical and laboratory examinations after obtaining written
informed consent. Follow-ups occurred by means of biennial
face-to-face examinations and annual comprehensive surveil-
lance of medical records and death certificates. The study was
conducted according to the Declaration of Helsinki and

approved by the ethics committees of the Kailuan General
Hospital, Beijing Tiantan Hospital, and the participating
hospitals.

Eligible patients for the present study were at least
18 years of age with a diagnosis of diabetes mellitus or
prediabetes mellitus at the baseline survey and were free of
stroke until the 2-year follow-up in 2008–2009. Diabetes
mellitus was diagnosed if participants met the criteria of the
American Diabetes Association for fasting glucose concentra-
tion ≥7 mmol/L, had any use of glucose-lowering drugs, or
had self-reported diabetes mellitus. Prediabetes mellitus was
defined as impaired fasting glucose of 5.6–6.9 mmol/L.12 We
first excluded 71 494 persons with normal glucose tolerance
at baseline. Those with previous strokes by the 2-year survey,
those who did not participate in the 2-year survey, and those
with missing proteinuria data were further excluded. Therefore,
17 380 participants were available for the analysis (Figure 1).

Data Collection and Follow-Up
We collected morning urine samples both at baseline and at
the 2-year survey. Automated dipstick urinalysis (H12-MA,
DIRUI N-600) was used to measure urine protein. Women
were analyzed during the nonmenstrual period. Urine protein
was recorded as semiquantitative results of “none,” “trace,”
“1+,” “2+,” or “≥3+.”

Research doctors used questionnaires to obtain informa-
tion on demographics, lifestyles, and medical histories at each
survey. Standard protocols were used.6 Weight and height
were measured, and body mass index was calculated as
weight(kg)/height(m)2. The average blood pressure (BP) from
two separate readings was used for analysis. Blood samples
were collected from the antecubital vein after an overnight
fast. An autoanalyzer (Hitachi 747) was used for measuring
blood variables. Hypertension was defined as any self-
reported hypertension, any use of antihypertensive drugs, or
a BP ≥140/90 mm Hg. Dyslipidemia was defined as any self-
reported history, use of lipid-lowering drugs, serum triglyc-
eride ≥1.69 mmol/L, low-density lipoprotein cholesterol
≥3.62 mmol/L, or high-density lipoprotein cholesterol
≤1.04 mmol/L.

Trained physicians who were blinded to the baseline
information performed face-to-face follow-ups every 2 years.
Outcome events occurring after the 2-year survey were
identified until December 31, 2015. The primary outcome was
stroke (either nonfatal or fatal), defined by the World Health
Organization criteria,13 as an acute neurological deficit lasting
>24 hours or leading to death. Stroke diagnosis was
additionally confirmed by brain computed tomography or
magnetic resonance imaging scans. We classified stroke into
3 types: ischemic stroke, intracerebral hemorrhage, and
subarachnoid hemorrhage. The diagnostic criteria were

Clinical Perspective

What Is New?

• Persons with persistent, incident, or remittent proteinuria
among diabetic and prediabetic populations are at increased
risk of stroke compared with those without proteinuria.

• Persistent proteinuria confers a higher risk of stroke for
patients with prediabetes mellitus compared with those with
diabetes mellitus.

• Proteinuria reduction was associated with lower stroke
incidence, independent of traditional cardiovascular risk
factors.

What Are the Clinical Implications?

• Screenings for proteinuria change has added value in the
identification of individuals at higher risk for stroke among
diabetic and prediabetic populations.

• For patients with prediabetes mellitus with proteinuria,
especially those with persistent proteinuria, interventions
should be considered at an early stage in order to prevent
disease progression and potentially reduce risk for stroke.

• Therapies targeted at proteinuria reduction for stroke
prevention warrant further investigation.

DOI: 10.1161/JAHA.117.006178 Journal of the American Heart Association 2

Association of Proteinuria Change With Stroke Risk Wang et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



consistent across all participating hospitals, and all stroke
outcomes were validated by the Data Safety Monitoring Board
and the Arbitration Committee for Clinical Outcomes.

Statistical Analyses
For the main analyses, we defined dipstick results of ≥1+ as
positive for proteinuria. Based on the changes in proteinuria
status from baseline to the 2-year follow-up, we classified the
participants into 4 subgroups: no proteinuria (negative at both
screens), remittent proteinuria (baseline positive and 2-year

negative), incident proteinuria (baseline negative and 2-year
positive), and persistent proteinuria (positive at both screen-
ings). Data from the baseline survey were used for selected
covariates (listed in Table 1). Continuous variables were
described as mean�SD and were compared across the 4
subgroups using ANOVA. Categorical variables were
described as counts (percentages) and were compared using
chi-square test or Fisher exact test.

Incidence rates of stroke were calculated per 1000 per-
son-years of follow-up. Cox proportional-hazards regression
was used to calculate the hazard ratio (HR) and 95%

Figure 1. Study flowchart.
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confidence interval (CI) for stroke outcomes based on
changes in proteinuria, using participants with no proteinuria
as the reference group. To calculate proteinuria reduction
from baseline to the 2-year follow-up, a number from 0 to 4
was first designated for each proteinuria level from “none” to
“≥3+.” Then, proteinuria reduction was calculated as baseline
proteinuria minus 2-year proteinuria using the assigned
number. For example, if a participant went from “1+”
(designated as 2) at baseline to “none” (designated as 0) at
the 2-year follow-up, then the value of proteinuria reduction
would be 2 (2-0). Variables with a P<0.2 in the univariate
analysis and the well-established predictors of the outcomes
were selected as adjustment covariates in the multivariable
analyses. Three multivariable models were applied to adjust
for confounding covariates including age, sex, current smok-
ing status, current alcohol intake, physical activity, body mass
index, history of hypertension, diabetes mellitus, dyslipidemia,
total cholesterol, systolic BP, diastolic BP, fasting blood
glucose, and creatinine. Variables including age, body mass
index, total cholesterol, systolic BP, diastolic BP, fasting blood

glucose, and creatinine were adjusted as continuous variables
in the Cox models. We used these models with a sandwich
covariance matrix as a random effect to account for the
potential confounding effect of the 11 different hospitals in
the study. In the analysis of stroke risk per degree decrease in
proteinuria, baseline proteinuria was adjusted in addition to
the above models. Participants contributed person-time of
follow-up from the date of return of the 2-year survey
questionnaire to either the date of stroke onset, death, or end
of follow-up. We did not include subarachnoid hemorrhage
(n=14) in the analysis because of the small sample size. The
cumulative risk of stroke among the 4 subgroups of protein-
uria change was estimated using the Kaplan–Meier method
and compared by the log-rank test. To address the different
effects of diabetes mellitus status (diabetes mellitus and
prediabetes mellitus), we performed separate analyses
dichotomizing the cohort into 2 groups, those with diabetes
mellitus and those with prediabetes mellitus.

Sensitivity analyses were also performed. First, to look at
the effect of misclassifying trace as “none,” we redefined the

Table 1. Characteristics at Baseline Survey by Changes in Proteinuria

Characteristics Total

Changes in Proteinuria

P ValueNo Proteinuria Remittent Proteinuria Incident Proteinuria Persistent Proteinuria

No. of participants 17 380 14 961 (86.1) 459 (2.6) 1560 (9.0) 400 (2.3)

Age, y 52.6�10.9 52.3�10.8 53.3�11.0 54.1�11.2 55.8�10.8 <0.0001

Sex, male, No. (%) 14 416 (83.0) 12 380 (82.8) 375 (81.7) 1328 (85.1) 333 (83.3) 0.1025

Current smoker, No. (%) 6646 (38.2) 5780 (38.6) 183 (39.9) 560 (35.9) 123 (30.8) 0.0022

Current alcohol, No. (%) 7471 (43.0) 6570 (43.9) 195 (42.5) 573 (36.7) 133 (33.3) <0.0001

Active physical activity, No. (%) 3191 (18.4) 2789 (18.6) 107 (23.3) 234 (15.0) 61 (15.3) <0.0001

Hypertension, No. (%) 8834 (50.3) 7252 (48.5) 308 (67.1) 963 (61.7) 311 (77.8) <0.0001

Prediabetes mellitus, No. (%) 12 080 (69.5) 10 773 (72.0) 258 (56.2) 897 (57.5) 152 (38.0) <0.0001

Diabetes mellitus, No. (%) 5300 (30.5) 4188 (28.0) 201 (43.8) 663 (42.5) 248 (62.0) <0.0001

Dyslipidemia, No. (%) 7648 (44.0) 6405 (42.8) 228 (49.7) 769 (49.3) 246 (61.5) <0.0001

Body mass index, kg/m2 25.9�3.4 25.8�3.4 26.4�3.6 26.2�3.4 27.0�4.1 <0.0001

Systolic blood pressure, mm Hg 134.4�20.9 133.3�20.5 142.6�24.2 139.6�21.8 147.3�21.0 <0.0001

Diastolic blood pressure, mm Hg 85.2�11.7 84.6�11.5 89.6�14.0 87.2�12.5 91.0�12.7 <0.0001

Fasting blood glucose, mmol/L 7.0�2.3 6.9�2.1 7.7�2.7 7.7�2.8 8.7�3.2 <0.0001

Total cholesterol, mmol/L 5.2�1.1 5.2�1.1 5.3�1.2 5.2�1.2 5.4�1.8 <0.0001

Triglycerides, mmol/L, 1.9�1.7 1.9�1.6 2.2�1.9 2.1�1.7 2.8�2.2 <0.0001

Low-density lipoprotein, mmol/L 2.5�0.9 2.5�0.9 2.6�1.0 2.5�1.2 2.4�1.4 0.0017

High-density lipoprotein, mmol/L 1.5�0.4 1.5�0.4 1.5�0.4 1.6�0.4 1.6�0.5 <0.0001

Creatinine, lmol/L 89.9�32.3 89.2�31.2 88.0�27.3 95.2�40.5 99.4�38.8 <0.0001

All-type stroke, No. (%) 751 (4.3) 562 (3.8) 34 (7.4) 113 (7.2) 42 (10.5) <0.0001

Ischemic stroke 646 (3.7) 488 (3.3) 31 (6.8) 90 (5.8) 37 (9.3) <0.0001

Intracerebral hemorrhage 110 (0.6) 79 (0.5) 3 (0.7) 23 (1.5) 5 (1.3) 0.0002

Subarachnoid hemorrhage 14 (0.1) 10 (0.1) 0 (0.0) 3 (0.2) 1 (0.3) 0.1519
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proteinuria-positive dipstick result with trace or more (trace+)
proteinuria, and we regrouped the participants accordingly for
no proteinuria (reference group), remittent proteinuria, inci-
dent proteinuria, and persistent proteinuria. Second, to
minimize the misclassification of participants with diabetes
mellitus, we excluded those who were diagnosed with
diabetes mellitus by fasting glucose ≥7 mmol/L at the
baseline survey but had normal glucose levels at the 2-year
survey.

We used SAS version 9.4 (SAS Institute) for all analyses. All
reported P values were based on 2-sided tests of significance,
and P<0.05 was deemed statistically significant.

Results
Our study population included 5300 participants with dia-
betes mellitus and 12 080 participants with prediabetes
mellitus with a mean age of 52.6�10.9. Characteristics of the
subgroups at the baseline survey are shown in Table 1.
Proteinuria was positive in 10.8% of participants with
prediabetes mellitus and 21.0% of participants with diabetes
mellitus. Regarding changes in proteinuria, 86.1% of partic-
ipants had no proteinuria, while 2.6% had remittent

proteinuria, 9.0% had incident proteinuria, and 2.3% had
persistent proteinuria. Differences in age, body mass index,
BP, cholesterol concentration, creatinine level, and concomi-
tant morbidities (hypertension, diabetes mellitus, or dyslipi-
demia) were found between proteinuria change groups
(P<0.05). No significant differences in sex were observed
between groups.

During a median follow-up of 6.9 years, we identified 751
patients with an incidence of stroke. The incidence stroke
rate was 5.55 events per 1000 person-years for patients with
no proteinuria, 11.12 for those with remittent proteinuria,
11.04 for those with incident proteinuria, and 16.37 for those
with persistent proteinuria. Compared with patients without
proteinuria, HRs for stroke were 1.42 (95% CI, 1.01–2.02) for
remittent proteinuria, 1.52 (95% CI, 1.22–1.89) for incident
proteinuria, and 1.64 (95% CI, 1.18–2.30) for persistent
proteinuria. This result was attenuated but still significant
after full adjustment. Similar findings were observed for
ischemic strokes. The results for intracerebral hemorrhage
were statistically insignificant except for the incident pro-
teinuria group (HR, 2.25; 95% CI, 1.35–3.73), possibly
because of the limited number of observed outcomes. In
addition, we examined the effect of proteinuria reduction

Table 2. Stroke Incidence Rate and Hazard Ratios for Stroke Risk by Changes in Proteinuria

Changes in Proteinuria

Per Degree Decrease*No Proteinuria Remittent Proteinuria Incident Proteinuria Persistent Proteinuria

All-type stroke

Case No. 562 34 113 42

Incidence rate, per 1000 person-y 5.55 11.12 11.04 16.37

Model 1 Reference 1.93 (1.36–2.73) 1.79 (1.43–2.22) 2.48 (1.79–3.43) 0.83 (0.76–0.89)

Model 2 Reference 1.88 (1.33–2.66) 1.76 (1.41–2.19) 2.39 (1.72–3.31) 0.83 (0.77–0.90)

Model 3 Reference 1.42 (1.01–2.02) 1.52 (1.22–1.89) 1.64 (1.18–2.30) 0.88 (0.81–0.95)

Ischemic stroke

Case No. 488 31 90 37

Incidence rate, per 1000 person-y 4.80 10.12 8.71 14.33

Model 1 Reference 2.00 (1.39–2.88) 1.64 (1.29–2.09) 2.51 (1.77–3.55) 0.84 (0.77–0.92)

Model 2 Reference 1.93 (1.34–2.79) 1.60 (1.26–2.05) 2.39 (1.68–3.38) 0.85 (0.78–0.93)

Model 3 Reference 1.45 (1.01–2.10) 1.37 (1.07–1.75) 1.61 (1.13–2.31) 0.90 (0.82–0.98)

Intracerebral hemorrhage

Case No. 79 3 23 5

Incidence rate, per 1000 person-y 0.77 0.95 2.18 1.83

Model 1 Reference 1.20 (0.38–3.80) 2.53 (1.53–4.18) 2.09 (0.83–5.29) 0.75 (0.62–0.90)

Model 2 Reference 1.22 (0.39–3.88) 2.57 (1.55–4.25) 2.14 (0.84–5.42) 0.74 (0.61–0.90)

Model 3 Reference 0.93 (0.29–2.98) 2.25 (1.35–3.73) 1.58 (0.62–4.05) 0.78 (0.64–0.94)

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, current smoker, current alcohol, physical activity, and body mass index. Model 3: adjusted for variables in model 2 plus
history of hypertension, diabetes mellitus, dyslipidemia, total cholesterol, systolic blood pressure, diastolic blood pressure, fasting blood glucose, and creatinine.
*Adjusted for proteinuria at baseline survey in addition to models 1, 2, and 3, respectively.
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during the 2-year interval on the assessment of stroke risk.
Notably, each degree of proteinuria decline was associated
with a significant 12% reduction of stroke risk (HR, 0.88; 95%
CI, 0.81–0.95), independent of age, sex, and potential risk
factors. Findings were consistent for stroke subtypes, with a
10% decrease (HR, 0.90; 95% CI, 0.82–0.98) for ischemic
stroke and a 22% decrease (HR, 0.78; 95% CI, 0.64–0.94) for
intracerebral hemorrhage (Table 2). We also generated
cumulative incidence curves for the incidence of stroke.
The time to incidence of stroke differed significantly among
the proteinuria change subgroups (overall log-rank test,
P<0.0001). Compared with participants without proteinuria,
the cumulative incidence rate of all types of stroke
(Figure 2A) and ischemic stroke (Figure 2B) for participants
with remittent, incident, and persistent proteinuria were
higher. The cumulative incidence rate of intracerebral hem-
orrhage was also higher for participants with incident
proteinuria (Figure 2C).

Diabetes mellitus status showed a significant interaction
with persistent proteinuria. When dichotomizing participants
into those with diabetes mellitus or prediabetes mellitus, the
results demonstrated a significantly higher magnitude of
stroke risk in participants with prediabetes mellitus with
persistent proteinuria (HR, 2.58; 95% CI, 1.58–4.22) than in
participants with diabetes mellitus with persistent proteinuria
(HR, 1.35; 95% CI, 0.86–2.12 [P for interaction=0.0083])
(Table 3). Proteinuria reduction resulted in a similar
decreased risk of stroke both for participants with diabetes
mellitus (HR, 0.84; 95% CI, 0.75–0.95) and those with
prediabetes mellitus (HR, 0.89; 95% CI, 0.80–0.99 [P for
interaction=0.6984]). Although some of the analyses yielded
wide CIs, this was likely because of limited stroke incidences
in separate groups.

To explore the robustness of the results, sensitivity
analyses were performed. First, we explored the effect of
misclassifying trace+ proteinuria to none. By reclassifying
participants to the 4 proteinuria groups using trace+ as
proteinuria-positive, the effect of incident trace+ proteinuria
(HR, 1.42; 95% CI, 1.14–1.76) or persistent trace+ proteinuria

(HR, 1.62; 95% CI, 1.25–2.10) on stroke risks did not
essentially change. When we repeated the analyses after
excluding participants with normal glucose levels at the 2-year
survey to minimize the misclassification of diabetes mellitus,
the results were similar. These sensitivity analyses confirm
the results of the main analysis.

Discussion
In this study, we found that remittent, incident, and persistent
proteinuria of ≥1+ was independently associated with
increased stroke risk. In addition, persistent proteinuria
confers a higher risk of stroke for patients with prediabetes
mellitus compared with those with diabetes mellitus.

Individuals with chronic kidney disease are 5 to 10 times
more likely to die of cardiovascular diseases than they are to
progress to end-stage kidney disease.7,14,15 Proteinuria has
acted as a multiplier of cardiovascular risk and mortality
across all stages of kidney disease.5,16 Previous studies have
reported that baseline proteinuria is associated with a higher
stroke risk.2,4,17 By contrast, the association between
changes in proteinuria and stroke outcomes has rarely been
studied. Post hoc analysis of randomized clinical trials among
patients with hypertension and/or diabetes mellitus showed
that the reduction of proteinuria was associated with reduced
risk of cardiovascular events.18–20 A meta-analysis of these
pharmacological trials reported that a 10% proteinuria reduc-
tion corresponded to a 29% reduction of stroke.21 It has been
postulated that treatment aimed at reducing proteinuria could
result in additional benefits beyond those achieved with BP or
glucose lowering alone. Similarly, our results showed that
each degree of proteinuria decline in the first 2 years was
associated with a significant 12% reduction of future stroke
risk. This reinforces the concept that stroke risk is reduced
when proteinuria is diminished, independent of traditional
cardiovascular risk factors.

Notably, although proteinuria reduction was associated
with a decrease in stroke risk, individuals with remittent ≥1+
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Figure 2. Cumulative incidence curve of (A) all-type stroke incidence rate, (B) ischemic stroke incidence rate, and (C) intracerebral
hemorrhage incidence rate by changes in proteinuria.
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proteinuria were still at higher risk for future stroke compared
with those without proteinuria in our cohort. Stroke risk was
also increased for patients with incident and persistent trace+
proteinuria. However, participants with remittent trace+
proteinuria did not have a significantly higher future stroke
risk than those without proteinuria. One possibility is that
nonpathological causes can result in transient reversible
trace+ proteinuria of no consequence. In contrast, remittent
≥1+ levels of proteinuria are more likely to signify renal
structural damage, which also reflects the susceptibility of
cerebral arteries.22 Previous studies have shown that stroke
risk rises with degree of proteinuria, suggesting a possible
dose-response association.4,23 A retrospective analysis of 2
trials found that an increase in proteinuria by ≥100% is
associated with a 30% increase in cardiovascular events and
54% increase in cardiovascular death. Additionally, shifts
toward greater deteriorations in proteinuria were associated
with increased cardiovascular events.24 Another study
reported a stepwise increased cardiovascular risk for tran-
sient proteinuria and persistent proteinuria as measured by
means of urine dipsticks.25 Our findings are consistent with
these results, as stroke incidence was increased in partici-
pants with incident or remittent ≥1+ proteinuria compared
with those without proteinuria, and it was highest in the group
with persistent proteinuria.

In addition, we examined the association between protein-
uria change and stroke risk stratified for the presence of
diabetes mellitus or prediabetes mellitus. Our findings
extended these relationships to the prediabetic population,
showing that participants with prediabetes mellitus with
incident or persistent proteinuria also had higher stroke risks
than those without proteinuria. Interestingly, the risk of stroke

was more profound for participants with prediabetes mellitus
with persistent proteinuria compared with the participants
with diabetes mellitus. These findings have not been previ-
ously reported. A substantial burden of chronic kidney disease
exists in those individuals with prediabetes mellitus. Cam-
paigns to promote awareness of both kidney damage and
stroke risk at this early disease stage may be beneficial.26 For
participants with prediabetes with proteinuria, especially
those with persistent proteinuria, lifestyle modification and
intervention should be considered to prevent progression as
well as complications of diabetes mellitus, renal dysfunction,
and stroke.

Annual screenings of proteinuria are suggested for diabetic
and prediabetic populations.27 Despite the wide availability
and ease of use in the clinical setting, few studies have used
urine dipsticks to screen changes in proteinuria and assess
their value in the prediction of stroke. Assessing proteinuria
using the simple dipstick test could be a convenient way to
reflect an individual’s systematic vasculature permeability and
susceptibility to target organ damage.28 Our results suggest
that repeating the dipstick screening at 2-year intervals for
detection of proteinuria change has added value in the
identification of individuals at higher risk for stroke, especially
for those who have incident and persistent proteinuria. These
findings are potentially clinically important since dipstick
measuring is easy and relatively inexpensive compared with
other methods for stratifying stroke risk and monitoring the
effectiveness of preventive measures among diabetic and
prediabetic populations.

The mechanisms linking proteinuria to stroke risk remain
obscure. The Steno hypothesis suggests that proteinuria not
only reflects localized renal damage but is also an

Table 3. Association of Proteinuria Change From Baseline to 2 Years and Stroke Risk in Patients With Diabetes Mellitus and
Prediabetes Mellitus

Changes in Proteinuria*

Per Degree Decrease†No Proteinuria Remittent Proteinuria Incident Proteinuria Persistent Proteinuria

Prediabetes mellitus

All-type stroke Reference 1.24 (0.69–2.21) 1.62 (1.17–2.23) 2.58 (1.58–4.22)‡ 0.84 (0.75–0.95)

Ischemic stroke Reference 1.21 (0.64–2.29) 1.57 (1.11–2.23) 2.58 (1.50–4.42)§ 0.84 (0.74–0.95)

Intracerebral hemorrhage Reference 1.17 (0.28–4.85) 1.59 (0.71–3.52) 3.28 (1.12–9.63) 0.85 (0.64–1.12)

Diabetes mellitus

All-type stroke Reference 1.57 (1.01–2.45) 1.42 (1.05–1.93) 1.35 (0.86–2.12) 0.89 (0.80–0.99)

Ischemic Stroke Reference 1.62 (1.03–2.56) 1.22 (0.87–1.71) 1.35 (0.84–2.16) 0.94 (0.83–1.05)

Intracerebral hemorrhage Reference 0.70 (0.09–5.18) 2.86 (1.43–5.70) 0.56 (0.07–4.21) 0.70 (0.54–0.90)

*Adjusted for age, sex, current smoker, current alcohol, physical activity, and body mass index, history of hypertension, dyslipidemia, total cholesterol, systolic blood pressure, diastolic
blood pressure, and creatinine (model 3).
†Adjusted for proteinuria at baseline survey in addition to model 3; no significant interaction was detected for diabetes mellitus status and per degree decrease of proteinuria change (all P
for interaction >0.05).
‡Diabetes mellitus status showed significant interaction terms with persistent proteinuria (P for interaction=0.0083).
§Diabetes mellitus status showed significant interaction terms with persistent proteinuria (P for interaction=0.0167).
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independent marker of systemic vascular endothelial dys-
function or microvascular disease.29 Proteinuria is associated
with several inflammatory and thrombogenic factors, which
play important roles in the development of atherosclerosis
and stroke.5,23 Insulin resistance is also suggested to play an
important role in the increased cardiovascular risk conferred
by proteinuria.30 Otherwise, proteinuria is associated with a
high prevalence of traditional cardiovascular risk factors, such
as hypertension and diabetes mellitus. Proteinuria may be a
sign of shared risk factors for vascular disease rather than a
direct cause of new strokes. Changes in urine protein over
time may be an indicator of the severity of stroke risk factors.
In diabetic and prediabetic populations, proteinuria may
largely reflect diabetes mellitus control. In addition, patients
with renal damage frequently receive fewer prevention
approaches for stroke.5

Study Strengths and Limitations
The strengths of our study include the prospective design, use
of a large cohort, long follow-up period, and use of changes in
proteinuria to estimate the risk of stroke. However, our
results should be interpreted in the context of some
limitations. First, participants in our analysis were from a
Chinese population and had either diabetes mellitus or
prediabetes mellitus. Thus, our findings cannot be directly
generalized to other populations and will need confirmation
from other studies. Second, there are limitations of using a
dipstick test. The dipstick method could overlook proteinuria.1

A timed 24-hour urine collection or albumin:creatinine ratio
might be more precise in measuring proteinuria, although the
dipstick method has a cost advantage.31

Conclusions
Persistent, incident, and remittent proteinuria as detected by
the serial urine dipstick method independently predicted
future stroke risk in diabetic and prediabetic populations.
Therapies targeted at proteinuria reduction for stroke pre-
vention warrant further investigation.
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