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Background: Activation of the renin-angiotensin system (RAS) in diabetic patients is
a vital pathophysiological mechanism of cardiovascular complications.
Aim: We aimed to assess whether serum and urinary angiotensinogen levels could predict
the risk of stroke events in patients with type 2 diabetes.
Methods: An analysis of the relationships between serum and urinary angiotensinogen
levels at baseline and the risk of stroke events was performed in a study consisting of 467
patients with type 2 diabetes with a follow-up of 5 years. Multivariate Cox regression models
were built by controlling for a large range of related risk factors.
Results: Kaplan–Meier analysis showed that patients with low estimated glomerular filtra-
tion rate (eGFR) <57 mL/min/1.73 m2 had a significantly higher risk of stroke events than
those with high eGFRs (≥57 mL/min/1.73 m2, P=0.040). Our results suggested that urinary
angiotensinogen levels (HR=2.74, 95% CI 1.50–5.88, P=<0.001), but not serum angiotensi-
nogen levels (HR=1.42, 95% CI 0.95–2.65, P=0.071), were independent predictors of the
risk of stroke events in patients with type 2 diabetes after adjusting for confounding factors.
Similarly, sensitivity analysis also suggested that higher urinary angiotensinogen levels still
contributed to an increased risk of stroke events (HR=2.71, 95% CI 1.48–5.82, P<0.001) but
not serum angiotensinogen levels (HR=1.37, 95% CI 0.89–2.21, P=0.104). Importantly, we
found that significant associations only existed in patients with eGFRs<60 mL/min/1.73 m2

(HR=2.78, 95% CI 1.59–6.30, P<0.001) but not in patients with eGFRs≥60 mL/min/1.73 m2

(HR=1.39, 95% CI 0.95–3.53, P=0.054).
Conclusion: The study suggested that elevated urinary angiotensinogen levels were corre-
lated with a higher risk of stroke events in patients with type 2 diabetes mellitus.
Keywords: angiotensinogen diabetes mellitus, stroke, Cox proportional hazard regression

Introduction
Type 2 diabetes has been considered a vital risk factor for promoting the occurrence
and/or development of cardiovascular disease (CVD), such as stroke and coronary
heart disease (CHD), and CVD mortality.1–3 Previous studies have shown that
individuals with type 2 diabetes may have different severities of the disease,
which depends on the presence of comorbidities or other risk factors.4 Well-
understood risk heterogeneity and identifying individuals at long-term risk could
help improve and personalize cardiovascular risk management for these individuals
with type 2 diabetes.

Activation of the renin-angiotensin system (RAS) is a vital pathophysiological
mechanism of CVD and renal insufficiency in diabetic patients.5 Many previous
observational studies have demonstrated that inhibiting the RAS, which is
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currently the front-line treatment for diabetic
nephropathy,5 could delay worsening renal function and
reduce the risk of CVD morbidity and mortality in
patients with diabetes.6–8 Importantly, although RAS inhi-
bition has shown many beneficial effects, not all patients
showed significant improvements in the prognosis of
CVD complications. Hence, accurately estimating the
active state of the intrarenal RAS might provide a good
opportunity to help identify whether diabetic patients are
at high risk of poor prognosis. The kidney has all parts of
the RAS pathway that can produce angiotensinogen,
which further promotes the production of angiotensin II
(angII).9 AngII, produced by the kidney, has been
reported to pose a key role in renal function and hemo-
dynamics, affecting the development of cardiovascular
pathology.10

Recently, several cross-sectional studies have reported
that urinary angiotensinogen may be considered a potential
biomarker of renal dysfunction in hypertensive
patients.11,12 However, whether urinary and/or serum
levels of angiotensinogen can be considered potential bio-
markers for predicting stroke risk is still unclear. In this
study, we measured urinary and serum levels of angioten-
sinogen in patients with type 2 diabetes. We aimed to
assess whether angiotensinogen levels are associated with
stroke prognosis.

Methods
Study Sample
We studied 488 hospitalized patients with type 2 diabetes
from Tianjin Nankai Hospital in China between
January 2009 and December 2015. None of the included
patients had other serious chronic diseases, such as can-
cers, liver diseases, or respiratory diseases, before admis-
sion. After discharge, the patients with type 2 disease were
contacted by telephone. A total of 21 patients with type 2
diabetes were excluded from this cohort study due to the
diagnosis of serious chronic diseases within three months
before admission, including neoplastic diseases (N=10),
liver diseases (N=7) and other serious diseases (N=4).
The diagnostic criteria for type 2 diabetes were determined
by 3 endocrinologists.13 For the purposes of this study,
during a mean follow-up of 5 years, ischemic or hemor-
rhagic stroke requiring hospitalization was defined as an
endpoint event. The endpoint event was diagnosed by two
neurologists. The Ethics Committee of Tianjin Nankai
Hospital approved this study. This was a retrospective

study, so this study applied for patients informed exemp-
tion according to the Declaration of Helsinki guidelines.

Follow-Up
The included diabetic patients were followed up by tele-
phone and/or reviewing, until the occurrence of endpoint
events. The endpoint events of this study were defined as
ischemic stroke requiring rehospitalization, hemorrhagic
stroke requiring rehospitalization and death caused by
stroke. During the 5-year follow-up period, 7 patients
with diabetes were lost to follow-up.

Measurement of Serum and Urinary
Angiotensinogen Levels
Fasting venous blood samples were obtained from the
diabetic patients in the first morning after inclusion. The
concentrations of angiotensinogen in urine and serum
samples were measured by using enzyme-linked immuno-
sorbent assays (ELISA) at baseline.14 Angiotensinogen
concentrations were tested three times in each patient,
and the average value of the three results was used for
statistical analysis. The interassay and intra-assay coeffi-
cients of variability for the serum and urine angiotensino-
gen assays were 6.5% and 4.5%, respectively.

The blood samples were also measured for serum
albumin (ABL), glycosylated hemoglobin (HbA1c), hemo-
globin (Hb), low density lipoprotein (LDL), high sensitiv-
ity C-reactive protein (hs-CRP) and high density
lipoprotein (HDL) levels and were tested at the same
time by using immunoassay on an ELECSYS2010 instru-
ment (Roche Diagnostics, Germany). Serum levels of the
estimated glomerular filtration rate (eGFR) were calcu-
lated by using the Chronic Kidney Disease (CKD)
Epidemiology Collaboration equation.15 For research pur-
poses, an eGFR<60 mL/min/1.73 m2 was considered renal
insufficiency.

Statistical Analysis
All of the data were analyzed by using SPSS 22.0, and a P ≤
0.05 was considered to be statistically significant. The
Kolmogorov–Smirnov test was used to analyze the normality
of the data. t-tests or chi-square tests were performed to
compare the two groups (eGFR≥60 mL/min/1.73 m2 and
eGFR<60 mL/min/1.73 m2). In the multivariate analysis,
Cox regression analysis was performed to identify the inde-
pendent values of serum and urinary angiotensinogen levels at
baseline on predicting the risk of stroke events in patients with

https://doi.org/10.2147/DMSO.S335746

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15420

Liu and Liu Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


type 2 diabetes. To further evaluate the independent associa-
tion, we further excluded the effect of “duration of diabetes”
by sensitivity analysis. Moreover, we also analyzed the asso-
ciation between serum and urinary angiotensinogen levels at
baseline and the risk of stroke events during the follow-up
period using stratified analysis by adding “taking RAS inhi-
bitors” and “an eGFR≥60 mL/min/1.73 m2”. Additionally, an
endpoint (stroke event)-free curve was constructed by the
Kaplan–Meier method, and the Log rank test was performed.

Results
Clinical Characteristics of the 467
Patients with Type 2 Diabetes at Baseline
The clinical characteristics of the patients with type 2
diabetes at baseline are presented in Table 1. According
to the median value of the eGFR (57 mL/min/1.73 m2), all
the patients were divided into two groups. The patients
with low eGFRs (<57 mL/min/1.73 m2) tended to have

longer durations of diabetes, higher systolic and diastolic
blood pressures, and higher rates of ever being a smoker,
ever being a drinker, taking RAS inhibitors and having
a CVD history, compared with patients with high eGFRs
(≥57 mL/min/1.73 m2, all P<0.05). For laboratory mea-
surements, the patients with low eGFRs had higher levels
of urinary angiotensinogen, LDL, HbA1c and Hs-CRP and
lower levels of ALB and Hb than those with high eGFRs
(all P<0.05). Interestingly, serum angiotensinogen was not
significantly different between the two groups (P>0.05).

Cox Proportional Hazard Analysis for the
Associations Between Serum and Urinary
Angiotensinogen Levels and Stroke
Events in Patients with Type 2 Diabetes
All included patients were prospectively followed up for
a median period of 5 years, and 47 patients had stroke events
(including ischemic and hemorrhagic stroke). Kaplan–Meier

Table 1 Clinical Characteristics in 467 Patients with Type 2 Diabetes at Baseline

Variables eGFR≥57 mL/min/1.73 m2

(n=233)
eGFR<57 mL/min/1.73 m2

(n=234)
P value

Age (years) 61.8±7.5 62.4±7.6 0.144

Gender (male), n (%) 110 (47.2) 123 (52.6) 0.219
BMI (kg/m2) 22.5±6.1 23.1±7.0 0.102

Ever smoker, n (%) 101 (43.3) 112 (47.9) 0.048

Ever drinker, n (%) 107 (45.5) 125 (53.4) 0.042
Duration of diabetes (years) 10±6 15±8 <0.001

Systolic blood pressure (mmHg) 137±14 147±18 <0.001

Diastolic blood pressure (mmHg) 79±8 83±10 <0.001
Taking RAS inhibitors, n (%) 35 (15.0) 87 (37.2) <0.001

Stroke events during follow-up, n (%) 15 (6.4) 32 (13.7) 0.011

CVD history
Hypertension, n (%) 67 (28.8) 95 (40.6) 0.010

Coronary heart disease, n (%) 11 (4.7) 34 (14.5) <0.001

Heart failure, n (%) 8 (3.4) 17 (7.3) 0.047
Others, n (%) 4 (1.7) 6 (2.5) 0.098

Laboratory measurements
Log-transformed values of angiotensinogen 23.5±4.1 23.6±4.4 0.719
Log-transformed values of urinary

angiotensinogen

1.3±0.4 2.1±0.7 <0.001

HDL (mmol/L) 1.3±0.3 1.2±0.2 0.059
LDL (mmol/L) 2.2±1.1 2.7±1.3 <0.001

ALB (g/L) 37.4 ±6.2 34.2 ±4.6 <0.001

Hb (g/L) 122±10 113±8 0.008
HbA1c (%) 7.2±0.4 7.9±0.5 <0.001

Hs-CRP (pg/mL) 7.1 (3.4–10.2) 9.4 (4.9–14.7) <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; RAS, renin-angiotensin system; CVD, cardiovascular disease; HDL, high density
lipoprotein; LDL, low density lipoprotein; ALB, albumin; Hb, hemoglobin; HbA1c, glycosylated hemoglobin; hs-CRP, hs-Creactive protein.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https://doi.org/10.2147/DMSO.S335746

DovePress
421

Dovepress Liu and Liu

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


analysis showed that patients with low eGFRs (<57 mL/min/
1.73 m2) had a significantly higher rate of stroke events than
those with high eGFRs (Figure 1, P=0.040). To further
investigate the potential risk for stroke events,
a multivariate Cox proportional hazard regression model
was used. Urinary angiotensinogen levels (HR=2.78, 95%
CI 1.54–5.94, P=<0.001) were associated with an increased

risk of stroke events when adjustments for age, sex, BMI,
ever smoking and ever drinking were made, which was
similar to serum angiotensinogen levels (HR=1.54, 95% CI
1.10–3.27, P=0.037) in Model 1 (Table 2). The significant
associations changed slightly after adding systolic and dia-
stolic blood pressures and CVD history in Model 1. After
continuing to add the laboratory measurements into Model
2, our results suggested that urinary angiotensinogen levels
(HR=2.74, 95% CI 1.50–5.88, P=<0.001, Model 3) were an
independent predictor for the risk of stroke events in patients
with type 2 diabetes, but not serum angiotensinogen levels
(HR=1.42, 95% CI 0.95–2.65, P=0.071, Model 3).

We performed an additional sensitivity analysis to
evaluate the associations of urinary and serum angioten-
sinogen levels with the risk of stroke events in patients
with type 2 diabetes by adding “duration of diabetes” as
a covariate (Table 3). Similarly, the results also sug-
gested that higher urinary angiotensinogen levels still
contributed to an increased risk of stroke events
(HR=2.71, 95% CI 1.48–5.82, P<0.001, Model 3), but
not serum angiotensinogen levels (HR=1.37, 95% CI
0.89–2.21, P=0.104, Model 3), after adjusting for the
confounding factors.

≥57 mL/min/1.73 m2

P=0.040

<57 mL/min/1.73 m2

Figure 1 Kaplan–Meier analysis of the endpoint-free curve stratified into 2 groups
by median level of the eGFR.

Table 2 Cox Proportional Hazard Analysis for the Association Between Urinary and Serum Angiotensinogen Levels and Stroke Events
in Patients with Type 2 Diabetes

Variables Model 1 Model 2 Model 3

Log-transformed values of angiotensinogen, increased 1 SD 1.54 (1.10–3.27) 1.50 (1.04–3.02) 1.42 (0.95–2.65)

P value 0.037 0.049 0.071
Log-transformed values of urinary angiotensinogen, increased 1 SD 2.78 (1.54–5.94) 2.75 (1.51–5.89) 2.74 (1.50–5.88)

P value <0.001 <0.001 <0.001

Notes: Model 1: adjusted for age, gender, BMI, ever smoker and ever drinker. Model 2: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic and diastolic blood
pressure and CVD history. Model 3: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic and diastolic blood pressure, CVD history and laboratory
measurements.
Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; SD, standard deviation.

Table 3 Sensitivity Analysis for the Association Between Urinary and Serum Angiotensinogen Levels and Stroke Events in Patients
with Type 2 Diabetes

Variables Model 1 Model 2 Model 3

Log-transformed values of angiotensinogen, increased 1 SD 1.43 (1.09–3.16) 1.40 (0.94–2.71) 1.37 (0.89–2.21)

P value 0.047 0.069 0.104
Log-transformed values of urinary angiotensinogen, increased 1 SD 2.74 (1.52–5.90) 2.72 (1.50–5.84) 2.71 (1.48–5.82)

P value <0.001 <0.001 <0.001

Notes: Model 1: adjusted for age, gender, BMI, ever smoker, ever drinker and duration of diabetes. Model 2: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic
and diastolic blood pressure, CVD history and duration of diabetes. Model 3: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic and diastolic blood pressure,
CVD history, laboratory measurements and duration of diabetes.
Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; SD, standard deviation.
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Stratified Analysis of the Associations
Between Urinary and Serum
Angiotensinogen Levels and Stroke Events in
Patients with Type 2 Diabetes by “Taking
RAS Inhibitors” and “an eGFR≥60 mL/Min/
1.73 M2”
Stratified analysis was performed by adding “taking RAS
inhibitors” and “an eGFR≥60 mL/min/1.73 m2” as covariates.
Our results still showed that the association between urinary
angiotensinogen levels and the risk of stroke events in patients
with type 2 diabetes was significant (HR=2.64, 95% CI 1.45–
5.78, P<0.001, Model 3) and was not affected by “taking RAS
inhibitors”, as shown in Table 4. Importantly, the significant
association was affected by “an eGFR≥60 mL/min/1.73 m2”,

as shown in Table 5. We found that a significant association
existed only in patients with eGFRs<60 mL/min/1.73 m2

(HR=2.78, 95% CI 1.59–6.30, P<0.001, Model 3) and not in
patients with eGFRs≥60 mL/min/1.73 m2 (HR=1.39, 95% CI
0.95–3.53, P=0.054, Model 3). In addition, serum angiotensi-
nogen levels still had no association with the risk of stroke
events in the stratified analysis.

Discussion
In the present study, our baseline data suggested that
patients with higher urinary levels of angiotensinogen
had lower eGFRs. However, serum levels of angiotensino-
gen were not associated with the eGFR. Moreover, Cox
regression analysis suggested that diabetic patients with
high levels of urinary angiotensinogen had a high rate of

Table 5 Stratified Analysis for the Association Between Urinary and Serum Angiotensinogen Levels and Stroke Events in Patients with
Type 2 Diabetes by “Egfr≥60 mL/Min/1.73 M2”

Variables Model 1 Model 2 Model 3

eGFR≥60 mL/min/1.73 m2

Log-transformed values of angiotensinogen, increased 1 SD 1.43 (1.07–3.12) 1.40 (0.94–2.72) 1.38 (0.90–2.31)
P value 0.049 0.070 0.129

Log-transformed values of urinary angiotensinogen, increased 1 SD 1.51 (1.11–4.21) 1.46 (1.01–3.82) 1.39 (0.95–3.53)

P value 0.034 0.045 0.054
eGFR<60 mL/min/1.73 m2

Log-transformed values of angiotensinogen, increased 1 SD 1.47 (1.11–3.34) 1.46 (0.97–2.89) 1.43 (0.99–2.36)

P value 0.042 0.063 0.097
Log-transformed values of urinary angiotensinogen, increased 1 SD 2.82 (1.63–6.43) 2.80 (1.61–6.39) 2.78 (1.59–6.30)

P value <0.001 <0.001 <0.001

Notes: Model 1: adjusted for age, gender, BMI, ever smoker, ever drinker and duration of diabetes. Model 2: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic
and diastolic blood pressure, CVD history and duration of diabetes. Model 3: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic and diastolic blood pressure,
CVD history, laboratory measurements and duration of diabetes.
Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; SD, standard deviation.

Table 4 Stratified Analysis for the Association Between Urinary and Serum Angiotensinogen Levels and Stroke Events in Patients with
Type 2 Diabetes by “Taking RAS Inhibitors”

Variables Model 1 Model 2 Model 3

With taking RAS inhibitors
Log-transformed values of angiotensinogen, increased 1 SD 1.42 (1.08–3.14) 1.38 (0.92–2.68) 1.35 (0.86–2.20)

P value 0.049 0.071 0.132
Log-transformed values of urinary angiotensinogen, increased 1 SD 2.70 (1.51–5.84) 2.67 (1.47–5.80) 2.64 (1.45–5.78)

P value <0.001 <0.001 <0.001

Without taking RAS inhibitors
Log-transformed values of angiotensinogen, increased 1 SD 1.44 (1.09–3.19) 1.43 (0.96–2.77) 1.37 (0.93–2.25)

P value 0.046 0.065 0.100
Log-transformed values of urinary angiotensinogen, increased 1 SD 2.77 (1.57–6.12) 2.76 (1.58–6.05) 2.74 (1.60–6.01)

P value <0.001 <0.001 <0.001

Notes: Model 1: adjusted for age, gender, BMI, ever smoker, ever drinker and duration of diabetes. Model 2: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic
and diastolic blood pressure, CVD history and duration of diabetes. Model 3: adjusted for age, gender, BMI, ever smoker, ever drinker, systolic and diastolic blood pressure,
CVD history, laboratory measurements and duration of diabetes.
Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; SD, standard deviation.
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stroke events. Our results documented that increasing urin-
ary angiotensinogen levels were associated with a higher
risk for stroke events in diabetic patients. Furthermore, the
significant relationship of urinary angiotensinogen levels
with stroke risk can be affected by renal function.

Although previous studies have documented that angioten-
sinogen can be produced and secreted from both the liver and
kidneys,10 serum and urinary levels of angiotensinogen origi-
nating from different sources pose different impacts on renal
function.16,17 Existing evidence suggests that human angioten-
sinogen cannot be detected in urine obtained fromhypertensive
and nonhypertensive rats that were injectedwith human angio-
tensinogen, which may be explained by the limited glomerular
permeability of circulating angiotensinogen and/or degrading
angiotensinogen in tubules.18Under normal renal structure and
function, it has been reported that angiotensinogen is expressed
in proximal tubular cells and released into the ureter.10

However, in the case of hyperglycemia, the expression of
angiotensinogen is significantly increased in proximal tubular
cells.19,20 Furthermore, some clinical investigations have
reported that diabetic patients have higher urinary angiotensi-
nogen levels,21 whereas there was no difference in serum
angiotensinogen levels between diabetic patients and control
individuals.21 This previous evidence may suggest that blood
angiotensinogen is not a direct source of urinary angiotensino-
gen. Consistently, our results also suggested that urinary angio-
tensinogen originates locally from the kidney instead of serum.

Increased angiotensinogen expression in tubules can pro-
mote the activation of the intrarenal RAS. Consistent with our
study, diabetic patients with low eGFRs had a greater increase
in urinary angiotensinogen levels than serum angiotensinogen
levels. One similar finding showed that CKD patients with low
eGFRs documented higher urinary angiotensinogen levels,
suggesting a negative relationship between urinary angiotensi-
nogen levels and renal function.22 Studies have long confirmed
the correlation between abnormal renal function and CVDs.23

Our multivariate correlational analysis reported that elevated
levels of urinary angiotensinogen contributed to high stroke
risk. Hence, the increased levels of urinary angiotensinogen
might contribute to the pathological development of stroke,
which may be explained by renal dysfunction and/or the inci-
dence of CVD caused by diabetes mellitus.

Our results have several obvious strengths. On the one
hand, in the first morning after admission, blood and urinary
tests can better reflect the levels of serum and urinary angio-
tensinogen in diabetic patients. We are the first to find that
urinary angiotensinogen can be considered a valuable predictor
for endpoints (stroke events requiring rehospitalization) in

diabetic patients. On the other hand, our study confirmed
complete follow-up and standardized adjudication of the end-
point, so our results are very reliable. Certainly, this study also
has several limitations, including a small sample size in a single
center. First, although many various confounding factors,
including renal function, were adjusted in our study, which
may be the most important factor influencing urinary angio-
tensinogen levels, some other potential confounding factors
were not eliminated due to other unknown determinants of
urinary angiotensinogen levels. Second, because urinary levels
of angiotensinogen were measured in the first morning after
admission, the time-dependent variables after discharge were
not assessed, which might cause survivorship biases. Third,
usingmany covariates in ourCox regression analysismayhave
caused overfitting of the model, leading to bias in the results.
Finally, we did not further investigate the mechanisms under-
lying the association of urinary angiotensinogen levels with
stroke. Additionally, our study only included the Asian race
and limits the generalizability of our results to other races, such
as white and black races. In summary, these limitations should
be considered in future studies to elaborate on this work.

Conclusions
Our results suggested that elevated urinary levels of angio-
tensinogen contributed to higher stroke risk in diabetic
patients. Reducing urinary levels of angiotensinogen
might be a new biomarker to reduce stroke risk.
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