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Abstract

Background: Few studies reported the associations between decreased glomerular filtration rate (GFR) and mortality,
coronary heart disease (CHD), and stroke in hypertensive patients. We aim to assess the associations between GFR and
mortality, CHD, and stroke in hypertensive patients and to evaluate whether low GFR can improve the prediction of these
outcomes in addition to conventional cardiovascular risk factors.

Methods and Findings: This is an observational prospective study and 3,711 eligible hypertensive patients aged =5 years
from rural areas of China were used for the present analysis. The associations between eGFR and outcomes, followed by a
median of 4.9 years, were evaluated using Cox proportional hazards models adjusting for other potential confounders. Low
eGFR was independently associated with risk of all-cause mortality, cardiovascular mortality, and incident stroke
[multivariable adjusted hazard ratios (95% confidence intervals) for eGFR <60 ml/min/1.73 m? relative to eGFR =90 ml/
min/1.73 m? were 1.824 (1.047-3.365), 2371 (1.109-5.068), and 2.493 (1.193-5.212), respectively]. We found no
independent association between eGFR and the risk of CHD. For 4-year all-cause and cardiovascular mortality, integrated
discrimination improvement (IDI) was positive when eGFR were added to traditional risk factors (1.51%, P=0.016, and
1.99%, P=0.017, respectively). For stroke and CHD events, net reclassification improvements (NRI) were 5.9% (P=0.012) and
1.8% (P=0.083) for eGFR, respectively.

Conclusions: We have established an inversely independent association between eGFR and all-cause mortality,
cardiovascular mortality, and stroke in hypertensive patients in rural areas of China. Further, addition of eGFR significantly
improved the prediction of 4-year mortality and stroke over and above that of conventional risk factors. We recommend
that eGFR be incorporated into prognostic assessment for patients with hypertension in rural areas of China.

Limitations: We did not have sufficient information on atrial fibrillation to control for the potential covariate. These
associations should be further confirmed in future.
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Introduction

The clinical spectrum of chronic kidney disease (CKD) ranges
from an unnoticed decrease in glomerular filtration rate (GFR) to
end-stage renal failure (ESRD). Individuals with ESRD have a
cardiovascular disease (CVD) mortality rate that is 10 to 20 times
greater than that in the general population [1,2,3]. It has also
been demonstrated that decreased GFR is associated with
increased all-cause and CVD mortality, incident coronary heart
disease (CHD) in general population [1,4], individuals with
manifest arterial disease [5], and high-risk of vascular events [6].
However, few studies reported the associations in patients with
hypertension.
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Stroke remains the leading cause of disability and second
leading cause of death globally. Many factors have been
recognized to be independently associated with risk of stroke,
which included history of hypertension, current smoking, diabetes
mellitus, alcohol intake, atrial fibrillation (AF), and so on.
However, it remains uncertain whether reduced GFR constitutes
an independent predictor of stroke. In a pooled analysis of
community-based studies, estimated GFR <60 ml/min/1.73 m
is not at increased risk of stroke in general population [1]. A recent
analysis from PROSPER (Prospective study of Pravastatin in the
Elderly at Risk) reported on this association showed a small and
nonsignificant increase in stroke risk with decreasing GFR in
elderly people [6], and the impact of reduced GI'R was shown to
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be greater for CHD than for stroke in Japanese patients with type
2 diabetes mellitus [7,8]. In the Rotterdam study, Bos et al. [9]
highlighted that decreased GFR is a strong risk factor for
hemorrhage, but not for ischemic stroke in general population.
A large cross-sectional study of older adults showed an association
of low GFR with prior stroke [10], however this has not been
intensively borne out in prospective cohorts [11].

In summary, in hypertensive patients, there is a relative scarcity
evaluating the associations between the reduced GFR with
mortality and CHD, especially with stroke in prospective cohorts.
Therefore, we selected a representative sample of hypertensive
patients in rural areas of China to assess these associations and to
evaluate whether low GFR can improve the prediction of these
outcomes in addition to conventional CVD risk factors.

Methods

Study design and sample

This is a large-scale epidemiological prospective study. From
2004 to 2006, a multistage, random cluster sampling design was
performed to select a representative sample of the rural population
with hypertension aged 35 years and older from 50 rural villages of
Liaoning Province. The detailed methodology was described
elsewhere [12]. In 2010, investigators were invited to participate
the follow-up study. Of the 6,104 patients with hypertension at
baseline, 634 were not included the follow-up study because study
participants’ contact information was unavailable. Overall, 5,470
aged =35 years at their baseline examination were eligible to
participate in the follow-up study. From this population, a total of
4,945 study participants (90.4%) (or their guardians) were
identified and agreed to be interviewed as part of the follow-up
study. For the present study, hypertensive patients with missing
baseline serum creatinine (SCr) (n=776) and serum uric acid
(n=95), with and having stroke (n=294) and coronary heart
disease (CHD) (n=169) at baseline were excluded, leaving 3,711
data from hypertensive patients free CVD at baseline for the
present analyses. Figure 1 shows the sample size of patients and
exclusion reasons in our study.

Ethical approval, informed consent and patient privacy

The study complies with the Declaration of Helsinki. China
Medical University Research Ethics Committee has approved the
research protocol and that written informed consent has been
formally obtained from all patients or their guardians. Patients
who agreed to participate were explained the content of informed
consent which included the purpose of the study, medical items,
and confidentiality agreement of personal information. The
information about patient’s identity was not included with the
other data and only the principal investigator had access to this
information. No reference to the patient’s identity was made at
any stage during data analysis or in the paper.

Glomerular filtration rate assessment

Subjects were asked to fast for at least 12 hours before blood
collection. Blood samples were obtained from an antecubital vein
into vacutainer tubes containing EDTA. Blood chemical analyses
were performed at a central, certified laboratory. SCr was
measured by the kinetic alkaline picrate (Jaffé) method on an
Olympus AU640 autoanalyzer (Olympus, Kobe, Japan). The
GFR was estimated using the equation that originated from the
CKD Epidemiology Collaboration (CKD-EPI) equation [13],
which is more accurate than the equation form the Modification of
Diet in Renal Disease (MDRD) Study group equation [14].
Patients were divided into the following three categories by
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eatimated GFR (eGFR) at baseline:=90 (n=1,625), 60 to 90
(n=1,967), and <60 (n=119) ml/min/1.73 m?.

Data collection and physical examinations at baseline

At baseline examination, all participants were recruited and
examined at a single clinic visit by their local doctors in their
geographical area of origin from 2004 to 2006. There was a
central steering committee with a subcommittee for quality
control. Before the survey was performed, the research staff had
trained the local doctors, which included the purpose of this
research, how to administer the questionnaire, the method of
measurement, and the study procedures. A strict test was
conducted after the training, only those who scored perfectly on
the test could become investigators. During data collection, our
mspectors had further instructions and support.

Data on demographic variables (age, sex, and ethnicity),
smoking status, use of alcohol, information on antihypertensive
medications, lipid-lowering drug use, and history of stroke and
CHD at baseline were obtained by interviews with a standard
epidemiological questionnaire. Drinking status was assessed by
alcohol consumption which defined as the weekly consumption of
beer, wine and hard liquor converted into grams of alcohol.
Alcohol drinker was defined as alcohol consumption at least 8
grams per week during the last year [15]. Current smoking was
defined as people who smoked at least one cigarette every day and
continued for at least one year. Smoking was assessed as part of the
questionnaire. The individuals were asked whether they currently
smoked or not (Do you smoke currently?). Body weight and height
were measured with subjects wearing light clothing and without
shoes according to a standard protocol. History of stroke or CHD
at baseline was positive if a stroke or CHD was reported during the
baseline interview and confirmed by medical records. Body mass
index (BMI) was calculated by the weight in kilograms divided by
height in square meters. Diabetes mellitus was defined as fasting
serum glucose levels =7.0 mmol/1 or plasma glucose concentra-
tion of =11.0 mmol/12 h after a 75-g oral glucose load or current
treatment with insulin or oral hypoglycaemic agents.

Blood Pressure (BP) was measured using a standardized
automatic electronic sphygmomanometer (HEM-741C; Omron,
Tokyo, Japan). A trained and certified observer used an American
Heart Association protocol to perform three BP measurements
after study participants had been seated quietly for 5 minutes.
Participants were instructed to avoid alcohol consumption,
cigarette smoking, coffee/tea, and exercise for at least 30 minutes
before these measurements. The mean of 3 BP measures was
calculated and used in all analysis. Participants with hypertension
at baseline was defined as they had an average systolic BP
=140 mmHg, and/or an average diastolic BP =90 mmHg, and/
or use of antihypertensive medication within the previous 2 weeks.

Serum glucose, uric acid, total cholesterol, and high-density
lipoprotein cholesterol (HDL-C) were measured in fasting baseline
serum with automated enzymatic procedure.

Follow-up time and outcomes

The follow-up examination was conducted from July to October
2010. Deaths were identified through hospital records and directly
contact with their families. Using the International Classification
of Diseases, 9th Revision (ICD-9), Clinical Modification [16],
deaths due to CVD were assigned a code from 400 through 444
including CHD, stroke, and others. We confirmed that death from
CVD on the basis of autopsy reports, death certificates, medical
record abstractions, or information obtained from family mem-
bers.
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Figure 1. Flow chart of participant recruitment and derivation of the population used in the final analysis.

doi:10.1371/journal.pone.0027359.g001

Stroke was defined as an acute focal neurological deficit lasting
longer than 24 hours or resulting in death within 24 hours of the
onset of symptoms, and was diagnosed as being due to cerebral
lesions of vascular origin. Most stroke cases (n =167, 90.3%) were
diagnosed by computed tomography, MRI including diffusion
image, magnetic resonance angiography of the brain and carotid
duplex imaging. CHD was defined as myocardial infarction,
angina pectoris of which patients received treatment in hospital for
ischemic discomfort and diagnose by coronary angiography,
coronary revascularization and sudden death. Coronary revascu-
larization was achieved when a patient underwent percutaneous
coronary intervention (for example, angioplasty, stenting, ather-
ectomy and laser ablation) or coronary artery bypass graft. The
information was obtained by direct reference to medical records
by a single investigator.

All materials were independently reviewed by the end-point
assessment committee and all members of the end-point
assessment committee were blinded to the study participant’s
baseline risk factor information.

Statistical analysis

The rates of events are presented as the number of events per
1,000 patient-years, based on the ratio of the number of events
observed to the total number of patient-years of exposure up to the
terminating event or censor. The rates of events by baseline eGFR
subgroups (=90, 60-90, and <60 ml/min/1.73 m? were tested
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by Cochran-Armitage Trend Test. We used Cox proportional
hazards models to calculate hazard ratios (HRs) with 95%
confidence intervals (CI) for the associations between eGFR and
incident events. HRs was calculated for eGFR categories, with the
eGFR =90 ml/min/1.73 m? as the reference group. We
constructed 2 models: in model 1, we adjusted for age, sex, and
Mongolian ethnicity; and in model 2, we adjusted for age, sex,
Mongolian ethnicity, and a propensity score. We calculated the
propensity score with a linear regression model entering eGFR as
the dependent variable and the independent variables included
systolic BP, diastolic BP, pulse rate, BMI, antihypertensive drug
use, current smoking, current drinking, diabetes mellitus, serum
uric acid, total cholesterol, HDL-C, and lipid-lowering drug use.
The proportionality assumption was evaluated by scaled Schoen-
feld residuals, and the global fit of the models was evaluated by
graphically examining the cumulative hazards function relative to
the Cox-Snell residuals.

Furthermore, a logistic regression score was established for 4-
year events when we fixed the duration of follow-up to 48 months.
With fatal events, stroke, and CHD as the end points, two
consecutive logistic models of increasing saturation were per-
formed containing (1) age, sex, Mongolian ethnicity,systolic BP,
diastolic BP, pulse rate, BMI, antihypertensive drug use, current
smoking, current drinking, diabetes mellitus, serum uric acid, total
cholesterol, HDL-C, and lipid-lowering drug use, and (2) eGFR
added. To estimate the increase in prediction accuracy, we used
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the logistic regression score to calculate the area under the
receiver-operator characteristic curves (AUC) and compared the
AUC based on the models without and with eGFR [17]. We also
estimated the integrated discrimination improvement (IDI) (18),
which is the difference in an RZ%like statistic between the
traditional and expanded models. Net reclassification improve-
ment (NRI), which examines the net effect of adding a marker to
the risk prediction scheme using a statistic described by Pencina
et al [18], was computed for stroke and CHD events, but not for
all-cause and CVD mortality as no predefined thresholds for low,
intermediate, or high risk have been published. The reclassifica-
tion categories were defined as <1%, 1% to 5%, 5% to 20%,
=20% for 4-year stroke risk and <5%, 5% to 10%, 10% to 20%,
20% for 4-year CHD risk. Finally, reclassification calibration
statistics (RCS) was also calculated to evaluate model calibration.
A significant result indicates a lack of fit.

All analyses were performed with SPSS statistical software
version 12.0 (SPSS Inc., Chicago, IL, USA). A P value less than
0.05 was accepted as indicating statistical significance.

Results

The median age of the participants of the present study was 56
years (range: 35-91 years) and 2,123 (57.2%) were women. The
median of serum creatinine and eGFR were 73.9 pmol/L and
87.6 ml/min/1.73 m?, respectively. There were 119 (3.2%)
patients with eGFR <60, 1,967 (53.0%) patients with eGFR 60
to 90, and 1,625 (43.8%) patients with eGFR =90 ml/min/
1.73 m?, respectively. Other baseline characteristics are described
in Table 1. The 2,393 patients who were not included in the

Table 1. Baseline characteristics of study participants (n=3,711).

GFR with Risk of Mortality and CVD

present study relative to the included participants (n = 3,711) have
the similar age (median: 57 versus 56 years; P=0.225), systolic BP
(median: 157 versus 160 mmHg; P=0.507), diastolic BP (median:
96 versus 95 mmHg; P=0.783), and more likely to be female
(61.3% versus 57.2%, P=0.002).

At the time of follow-up examination, 1,446 patients (39.0%)
were receiving antihypertensive medications (compound reserpine,
n=763; diuretic, n =418; calcium antagonist, n = 703; angioten-
sin-converting enzyme inhibitor, n =637; and angiotensin recep-
tors antagonist, n = 64). During on median 4.9 years (range: 3.7 to
6.5 years) of follow-up, a total of 202 patients had died and 133
deaths were attributable to CVD. Mortality from all-cause and
CVD were 11.47 (95% CI, 9.90 to 13.04) and 7.55 (95% CI, 6.27
to 8.83) per 1,000 patient-years, respectively. Meanwhile, 185 first-
ever stroke and 102 first-ever CHD occurred during follow-up and
the incident rates of stroke and CHD were 10.75 (95% CI, 9.21 to
12.29) and 5.79 (95% CI, 4.67 to 6.91) per 1,000 patient-years,
respectively.

Figure 2 shows the rates and their 95% CI of all-cause
mortality, CVD mortality, incident stroke, and CHD according to
eGFR categories. As expected, there was an inverse association
between eGFR and incident events (P for trend <0.001 each):
compared with patients with an eGFR =90 ml/min/1.73 m?
patients with an eGFR <60 ml/min/1.73 m? had a more than 6-
fold increase in all-cause or CVD mortality and a more than 4-fold
increase in incident stroke or CHD. After adjustment for sex, age,
and Mongolian ethnicity, patients with eGFR <60 ml/min/
1.73 m? versus ¢GFR =90 ml/min/1.73 m* had HRs of 2.014
(95% CI, 1.105 to 3.670) for all-cause mortality, 2.784 (95% CI,

Baseline characteristics

Median* or Percentage

Association with eGFR}

Serum creatinine, umol/L
eGFR, ml/min/1.73 m’
<60, n (%)

60-90, n (%)

=90, n (%)

73.9 (66.8—82.2)
87.6 (78.2—97.0)
119, 3.2

1,967, 53.0
1,625, 43.8

P coefficient P value
Age, years 56 (49—64) —0.810 <0.001
Women, n (%) 2,123, 57.2 —8.156 <0.001
Mongolian, n (%) 752,203 1.226 0.001
Systolic blood pressure, mmHg 160 (146—178) —0.010 0.269
Diastolic blood pressure, mmHg 95 (89—103) —0.072 <0.001
Pulse rate, beats/min 75 (69—82) 0.016 0.284
Body mass index, kg/m? 23.74 (22.03—25.95) 0.059 0.237
Current smoking, n (%) 1,443, 389 0.271 0.491
Alcohol drinking, n (%) 1021, 27.5 1.376 0.003
Diabetes mellitus, n (%) 426, 11.5 —0.898 0.076
Serum uric acid, umol/L 256.4 (212.2—307.0) —0.054 <0.001
Total cholesterol, mmol/L 5.18 (4.54—5.84) —0.017 0.935
HDL-C, mmol/L 1.39 (1.19—1.60) 0.298 0.657
Antihypertensive medication, n (%) 1,446, 39.0 —0.087 0.798
Lipid-lowering drug use, n (%) 101, 2.7 —0.024 0.981

*With 25th and 75th percentiles.
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B coefficients and P values estimated with linear regression model adjusted for all other characteristics.
HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.
doi:10.1371/journal.pone.0027359.t001
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Figure 2. The rates and 95% confidence intervals of all-cause mortality (a), CVD mortality (b), stroke (c), and CHD (d) in patients
with hypertension according to eGFR categories. CVD, cardiovascular disease; CHD, coronary heart disease, eGFR, estimated glomerular

filtration rate.
doi:10.1371/journal.pone.0027359.9g002

1.322 to 5.862) for CVD mortality, 3.127 (95% CI, 1.513 to 6.462)
for incident stroke, and 1.917 (95% CI, 0.787 to 4.668) for
incident CHD, respectively. Further adjustment for the propensity
score of all potential confounders hardly attenuated the HRs. In
addition, patients with 60= eGFR <90 ml/min/1.73 m? versus
eGFR =90 ml/min/1.73 m? had a HR of 2.294 (95% CI, 1.532
to 3.437) for incident stroke after adjustment for gender, age, and
Mongolian ethnicity and the corresponding HR 1s 2.047 (95% CI,
1.359 to 3.082) after further adjustment for the propensity score
(Table 2). There was no evidence of significant interaction
between putative confounders and eGFR in predicting each study
outcome. No violations of the Cox proportional hazards
assumption were observed.

When we fixed the duration of follow-up to 4 years, the number
of eligible patients were 3,646 [eGFR (ml/min/1.73 m% <60,
n=111; 60-90, n=1,931; =90, n=1,604]. Of those, there were
147 all-cause deaths, 94 CVD deaths, 135 incident stroke, and 41
incident CHD. With the mortality, stroke, and CHD as the end
points, two consecutive logistic models were separately performed.
Adding eGIR to the model based on conventional risk factors to
predict mortality resulted in positive IDI, whereas improvements
in the AUC were no significant (Table 3). Upon adding eGFR to
the model based on conventional risk factors for 4-year stroke risk
assessment, IDI and NRI, but not AUC, indicated discrimination
improvement. For stroke risk assessment, RCS yield a chi-square
of 13.463 (P=0.019) for the model without eGFR. This value
decreased to 10.065 (P=0.073) when eGFR were entered into the
model (Table 3). For CHD risk assessment, adding eGIR to the
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model based on conventional risk factors, no discrimination
improvement was indicated.

Discussion

The present study revealed an inverse association between eGFR
and risk of all-cause and CVD mortality, and incident stroke, but not
CHD in hypertensive patients in rural areas of China. Compared
with the patients with eGFR =90 ml/min/1.73 m?, patients with
60= eGFR <90 ml/min/1.73 m® also carried a substantially
increased risk of incident stroke. The predictive value of eGFR
remained after adjustment for traditional CVD risk factors. In
addition, adding eGFR to the model based on conventional risk
factors for 4-year all-cause mortality, CVD mortality, and incident
stroke risk assessment indicated discrimination improvement.

In the past, few studies reported the association between eGIR
and stroke, and most of these studies have the negative results. In a
pooled analysis of 4 population-based studies, participants with
CKD was associated with a HR for stroke of 1.17 (95%CI, 0.95 to
1.44; P=0.13) [1]. In another study, the risk of stroke was
moderately increased in the lowest GFR quintile compared with
the highest GFR quintile with a 92% increased risk among
participants with GFR below the 7th percentile. This effect largely
disappeared after adjustment for confounding [19]. In our study,
there is a strong association between eGFR and stroke in
hypertensive patients. The risk of stroke increased by 149.3%
among patients with eGFR <60 ml/min/1.73 m?, compared with
patients with eGFR =90 ml/min/1.73 m®. Furthermore, the
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Table 2. HRs for the association between eGFR and risk of all-cause mortality, CVD mortality, incident stroke, and incident CHD in
patients with hypertension (n=3,711).

. ) P for eGFR
eGFR, ml/min/1.73 m Pfor trend 60-90 vs. <60

Endpoints n, HR, and P—value

=90 (n=1,625) 60-90 (n=1,967) <60 (n=119)

All-cause mortality n (%) 48 (3.0%) 131 (6.7%) 23 (19.3%)

Model 1* HR (95%Cl), P—value 1.000 1.043 (0.703—1.547), 0.834 2.014 (1.105—3.670), 0.022 P=0.073 P=0.016
Model 2} HR (95%Cl), P—value 1.000 0.989 (0.663—1.475), 0.956 1.824 (1.047—3.365), 0.044 P=0.145 P=0.032
CVD mortality n (%) 27 (1.7%) 90 (4.6%) 16 (13.4%)

Model 1* HR (95%Cl), P—value 1.000 1.384 (0.837—2.288), 0.205 2.784 (1.322—-5.862), 0.007 P=0.013 P=0.027
Model 2} HR (95%Cl), P—value 1.000 1.270 (0.763—2.113), 0.358 2.371 (1.109—5.068), 0.026 P=0.042 P=0.059
Incident stroke n (%) 40 (2.5%) 133 (6.8%) 12 (10.1%)

Model 1* HR (95%Cl), P—value 1.000 2.294 (1.532—3.437), <0.001 3.127 (1.513—6.462), 0.002 P<0.001 P=0.265
Model 2} HR (95%Cl), P—value 1.000 2.047 (1.359—3.082), 0.001 2.493 (1.193-5.212), 0.015 P=0.001 P=0.471
Incident CHD n (%) 28 (1.7%) 65 (3.3%) 9 (7.6%)

Model 1* HR (95%Cl), P—value 1.000 1.147 (0.678—1.939), 0.609 1.917 (0.787—4.668), 0.152 P=0.244 P=0.190
Model 2} HR (95%Cl), P—value 1.000 1.024 (0.601—1.744), 0.931 1.530 (0.618—3.787), 0.358 P=0.516 P=0.299

*Model 1: adjusted for age, sex, and Mongolian ethnicity.

"Model 2: adjusted for age, sex, Mongolian ethnicity, and a propensity score (systolic blood pressure, diastolic blood pressure, pulse rate, body mass index,
antihypertensive drug use, current smoking, current drinking, diabetes mellitus, serum uric acid, total cholesterol, HDL-C, and lipid-lowering drug use).
HR, hazard ratio; eGFR, estimated glomerular filtration rate; CVD, cardiovascular disease; CHD, coronary heart disease.
doi:10.1371/journal.pone.0027359.t002

some of the risk of CKD is due to its association with traditional
vascular factors. To our best of knowledge, this is the first study to
obtain the positive association between eGIFR and stroke in

subjects with ¢GFR 60 to 90 ml/min/1.73 m? also carried a
substantial risk of stroke. The predictive value of decreased eGFR
remained after adjustment for traditional CVD factors, although

Table 3. AUC, IDI, NRI, and RCS for the combined assessment of eGFR and traditional risk factors in predicting mortality, incident
stroke, and CHD.

AUC IDI NRI RCs

All-cause mortality

Model 1* 0.876 (0.854-0.898), P<<0.001 / - -

Model 2} 0.883 (0.862-0.905), P<0.001 1.51% - -

P value vs. model 1 0.525 0.016 - -

CVD mortality

Model 1* 0.873 (0.846-0.900), P<0.001 / - -

Model 2} 0.885 (0.858-0.911), P<<0.001 1.99% - -

P value vs. model 1 0.374 0.017 - -

Incident stroke

Model 1* 0.707 (0.662-0.752), P<<0.001 / / x*=13.463, P=0.019
Model 2} 0.726 (0.683-0.770), P<<0.001 0.91% 5.9% x*=10.065, P=0.073
P value vs. model 1 0.399 0.024 0.012 -

Incident CHD

Model 1* 0.887 (0.850-0.925), P<0.001 / / x*=2.958, P=0.398
Model 2} 0.891 (0.856-0.926), P<<0.001 0.30% 1.8% x*=2.803, P=0.423
P value vs. model 1 0.829 0.438 0.823 -

*Variables included age, sex, Mongolian ethnicity, systolic blood pressure, diastolic blood pressure, pulse rate, body mass index, antihypertensive drug use, current
smoking, current drinking, diabetes mellitus, serum uric acid, total cholesterol, HDL-C, and lipid-lowering drug use.

"Model 1 + eGFR.

eGFR, estimated glomerular filtration rate; AUC, area under the curve; IDI, integrated discrimination improvement; NRI, net reclassification improvement; RCS,
reclassification calibration statistic; CVD, cardiovascular disease; CHD, coronary heart disease.
NRI' and RCS computed for incident stroke and CHD only, because the lack of established thresholds of risk for all-cause and CVD mortality.

doi:10.1371/journal.pone.0027359.t003
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hypertensive patients in rural areas of China, which is a
noteworthy supplement. These different results may be related
to the fact that the rate of incident stroke in these studies was lower
than in our study.

Mortality and cardiovascular events have strongly been
associated with decreased eGFR in community-based studies
(subjects considered at low risk) as well as in patients with
cardiovascular risk factors (high risk) or in selected patients with
established cardiovascular disease (highest risk) [1,4,19,20,21,22].
In a pooled analysis of community-based studies, subjects with
CKD (eGFR: 15 to 60 ml/min/1.73 m? had a 36% excess risk
for all-cause mortality compared with subjects with eGFR
=60 ml/min/1.73 m® (HR 1.36, 95% CI 1.21-1.53) [1]. Liesheth
Bax et al. [5] indicated that the HRs of an estimated GFR =60
versus >90 ml/min/1.73 m? were 1.8 (95% CI, 1.2-2.6) for
vascular events and 1.4 (95% CI 0.9-2.0) for all-cause death. In a
diabetes population, a reduced eGFR was a significant risk factor
for CHD [7,8]. A baseline GFR of less than 53 ml/min/1.73 m?
(compared with >104 ml/min/1.73 m? was independently
associated with a 32% higher risk for CHD in older high-risk
patients with hypertension [23]. Viazzi F et al [24] indicated that
renal dysfunction is a risk factor for CVD events and all-cause
mortality, regardless of traditional confounders, in uncomplicated
patients with primary hypertension. In accordance with these
results, we found that hypertensive patients with eGFR <60 ml/
min/1.73 m? also carried an independently increased risk for all-
cause mortality (HR, 1.824) and CVD mortality (HR, 2.371),
compared with subjects with eGFR =90 ml/min/1.73 m?,
However, we found no independent association between eGFR
and CHD in hypertensive patients in rural areas of China, which is
different from previous reports. One possible reason was that the
low rate of incident CHD in this rural population and few CHD
events accrued, reducing the statistical power of our analyses. In
addition, the different duration of follow-up and ethnical groups
may partly explain the disparity from other studies.

In most studies, including ours, adjustment for CVD risk factors
did not markedly change the associations between eGFR and the
risk of adverse outcomes [1,4,25,26,27], which means either that
eGFR is a better marker for vascular pathology than other
vascular risk factors or that decreased eGFR is a causal factor in
the pathogenesis of mortality and stroke. On the other hand, the
adjusted estimates may be underestimations of the true associa-
tions because at least part of the presumed effect of impaired renal
function on CVD is through the risk factors that were adjusted for.

Multiple explanations exist as to why the decreased eGFR may
be associated with an increased risk for mortality and stroke
events. GFR is a useful measure of overall kidney function in
health and disease. A decrease in kidney function may be
associated with an increase in other nontraditional risk factors
that were not included in the current analysis, including
hyperhomocysteinemia, inflammation, and oxidative stress [28].
In addition, reduced kidney function may be a marker for both
duration and severity of other causes of stroke, such as diabetes,
and thereby reflect residual confounding from these risk factors.
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Furthermore, patients with kidney disease likely receive less
aggressive therapy for risk-factor modification [17,26,29].

It is important to determine whether a decreased eGFR
provides additional risk information over and above the
assessment of conventional cardiovascular risk factors. In the
present study, consecutive multiple regression models and the
measurements of discrimination improvement revealed that upon
adding eGFR into the model based on conventional cardiovascu-
lar risk factors resulted in a significant improvement in its
predictive value of 4-year risk of mortality and stroke. In our
study, adding eGFR to model based conventional risk factors
resulted in 5.9% of patients were reclassified into new stroke risk
categories, which may benefit the most by being placed into a
higher risk category for intervention with secondary prevention
measures.

Some limitations should also be considered in light of these
results. Firstly, the limitation of the study is the small number of
patients with an ¢GFR <60 ml/min/1.73 m? (n =119, 3.2%) and
as a consequence, the number of events are very small, which may
induce the possible imprecise estimates and limited external
validity of findings. Secondly, the study subjects derived from a
previous study in rural areas of China and the lack of almost 20%
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results may not extrapolate to other populations, and further study
is warranted in more ethnically diverse populations. Thirdly,
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role of eGFR in adverse CVD outcomes. However, urinary
albumin was not measured in our study. Finally, AF is an
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However, we did not have sufficient information on concomitant
AF or concomitant oral anticoagulation/ASS therapy to control
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evaluate the eGFR and stroke is encouraged in future.

In conclusion, the decreased eGFR is an independent risk factor
for adverse mortality, CHD, and stroke in patients with hypertension
in rural areas of China. The presence of vascular disease and other
risk factors did not alter the results. Addition of eGFR significantly
improved the prediction of 4-year mortality and incident stroke over
and above that of conventional risk factors. We strongly recommend
that eGFR be incorporated into prognostic assessment of patients
with hypertension in rural areas of China.

Author Contributions

Conceived and designed the experiments: RZ LZ JL. DH YS. Performed
the experiments: ZS XZ YS. Analyzed the data: RZ LZ. Contributed
reagents/materials/analysis tools: ZS XZ JL DH YS. Wrote the paper: RZ
LZ.

3. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, et al. (2003) National Kidney
Foundation practice guidelines for chronic kidney disease: evaluation, classifi-
cation, and stratification. Ann Intern Med 139: 137-147.

4. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY (2004) Chronic kidney
disease and the risks of death, cardiovascular events, and hospitalization.
N Engl ] Med 351: 1296-1305.

5. Bax L, Algra A, Mali WP, Edlinger M, Beutler JJ, et al. (2008) Renal function as
a risk indicator for cardiovascular events in 3216 patients with manifest arterial
disease. Atherosclerosis 200: 184—190.

November 2011 | Volume 6 | Issue 11 | e27359



. Ford I, Bezlyak V, Stott DJ, Sattar N, Packard CJ, et al. (2009) Reduced

glomerular filtration rate and its association with clinical outcome in older
patients at risk of vascular events: secondary analysis. PLoS Med 6: 76-81.

. Bouchi R, Babazono T, Yoshida N, Nyumura I, Toya K, et al. (2010)

Association of albuminuria and reduced estimated glomerular filtration rate with
incident stroke and coronary artery disease in patients with type 2 diabetes.

Hypertens Res 33: 1298-1304.

. Bouchi R, Babazono T, Nyumura I, Toya K, Hayashi T, et al. (2009) Is a

reduced estimated glomerular filtration rate a risk factor for stroke in patients
with type 2 diabetes? Hypertens Res 32: 381-386.

Bos MJ, Koudstaal PJ, Hofman A, Breteler MM (2007) Decreased glomerular
filtration rate is a risk factor for hemorrhagic but not for ischemic stroke: the
Rotterdam Study. Stroke 38: 3127-3132.

. Ovbiagele B (2008) Impairment in glomerular filtration rate or glomerular

filtration barrier and occurrence of stroke. Arch Neurol 65: 934-938.

. Koren-Morag N, Goldbourt U, Tanne D (2006) Renal dysfunction and risk of

ischemic stroke or TIA in patients with cardiovascular disease. Neurology 67:
224-228.

. Zheng L, Sun Z, Li ], Zhang R, Zhang X, et al. (2008) Pulse pressure and mean

arterial pressure in relation to ischemic stroke among patients with uncontrolled
hypertension in rural areas of China. Stroke 39: 1932-1937.

. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, et al. (2009) A

new equation to estimate glomerular filtration rate. Ann Intern Med 150:
604-612.

. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, et al. (1999) A more

accurate method to estimate glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of Diet in Renal Disease Study Group.
Ann Intern Med 130: 461-470.

. National Institute on Alcohol Abuse and Alcoholism. (2000) Health risks and

benefits of alcohol consumption. Tenth Special Report to the US Congress on
Alcohol Res Health 24: 5-11.

. Department of Health and Human Services. (1989) The International

Classification of Diseases, 9th Revision, Clinical Modification: 1CD-9-CM,
3rd edn: Washington, DC: Government Printing Office.

. Hanley JA, McNeil BJ (1983) A method of comparing the areas under receiver

operating characteristic curves derived from the same cases. Radiology 148:
839-843.

. Cook NR, Ridker PM (2009) Advances in measuring the effect of individual

predictors of cardiovascular risk: the role of reclassification measures. Ann Intern
Med 150: 795-802.

@ PLoS ONE | www.plosone.org

19.

28.

29.

30.

GFR with Risk of Mortality and CVD

Shlipak MG, Sarnak M]J, Katz R, Fried LF, Seliger SL, et al. (2005) Cystatin C
and the risk of death and cardiovascular events among elderly persons.

N Engl J Med 352: 2049-2060.

. McCullough PA, Soman SS, Shah SS, Smith ST, Marks KR, et al. (2000) Risks

associated with renal dysfunction in patients in the coronary care unit. ] Am Coll

Cardiol 36: 679-684.

. McClellan WM, Flanders WD, Langston RD, Jurkovitz C, Presley R (2002)

Anemia and renal insufficiency are independent risk factors for death among
patients with congestive heart failure admitted to community hospitals: a
population-based study. J Am Soc Nephrol 13: 1928-1936.

. Wright RS, Reeder GS, Herzog CA, Albright RC, Williams BA, et al. (2002)

Acute myocardial infarction and renal dysfunction: a high-risk combination.
Ann Intern Med 137: 563-570.

. Rahman M, Pressel S, Davis BR, Nwachuku C, Wright JT Jr., et al. (2006)

Cardiovascular outcomes in high-risk hypertensive patients stratified by baseline
glomerular filtration rate. Ann Intern Med 144: 172-180.

4. Viazzi F, Leoncini G, Conti N, Tomolillo C, Giachero G (2010) Combined

effect of albuminuria and estimated glomerular filtration rate on cardiovascular
events and all-cause mortality in uncomplicated hypertensive patients.
J Hypertens 28: 848-855.

. Brugts JJ, Knetsch AM, Mattace-Raso FU, Hofman A, Witteman JC (2005)

Renal function and risk of myocardial infarction in an elderly population: the
Rotterdam Study. Arch Intern Med 165: 2659-2665.

. Fox CS, Larson MG, Keyes MJ, Levy D, Clouse ME, et al. (2004) Kidney

function is inversely associated with coronary artery calcification in men and
women free of cardiovascular disease: the Framingham Heart Study. Kidney Int
66: 2017-2021.

. Henry RM, Kostense PJ, Bos G, Dekker JM, Nijpels G, et al. (2002) Mild renal

insufficiency is associated with increased cardiovascular mortality: The Hoorn
Study. Kidney Int 62: 1402-1407.

Sarnak MJ, Levey AS (2000) Cardiovascular disease and chronic renal disease: a
new paradigm. Am J Kidney Dis 35: S117-S131.

Tonelli M, Bohm C, Pandeya S, Gill J, Levin A, et al. (2001) Cardiac risk factors
and the use of cardioprotective medications in patients with chronic renal
insufficiency. Am J Kidney Dis 37: 484-489.

Wolf PA, Abbott RD, Kannel WB (1991) Atrial fibrillation as an independent
risk factor for stroke: the Framingham Study. Stroke 22: 983-988.

November 2011 | Volume 6 | Issue 11 | e27359



