Therapeutics and Clinical Risk Management

Dovepress
open access to scientific and medical research

O r i g i n a l R e s e a rc h

Therapeutics and Clinical Risk Management downloaded from https://www.dovepress.com/ by 3.238.135.174 on 05-Aug-2021
For personal use only.

Open Access Full Text Article

The effects of AER and eGFR on outcomes of CVD
in patients with T2DM in an urban community over
8 years of multifactorial treatment: the Beijing
Communities Diabetes Study 18
This article was published in the following Dove Press journal:
Therapeutics and Clinical Risk Management

Xue-Lian Zhang, 1 Ming-Xia Yuan, 1 Gang
Wan, 2 Guang-Ran Yang, 1 Dong-Mei Li, 3
Han-Jing Fu, 1 Liang-Xiang Zhu, 1 RongRong Xie, 1 Jian-Dong Zhang, 4 Yu-Jie
Lv, 5 Yu-Ling Li, 6 Xue-Ping Du, 7 Zi-Ming
Wang, 8 Xue-Li Cui, 9 De-Yuan Liu, 10 Ying
Gao, 11 Shu-Yan Cheng, 12 Qian Wang, 13
Yu Ji, 14 Guang-Wei Li, 15,16 Shen-Yuan Yuan 1
Department of Endocrinology, Beijing Tongren
Hospital, Capital Medical University, Beijing, People’s
Republic of China; 2Medical Records and Statistics
Department, Beijing Ditan Hospital, Capital Medical
University, Beijing, People’s Republic of China;
3
Clinical and Translational Science Institute, School
of Medicine and Dentistry, University of Rochester,
Rochester, NY, USA; 4Department of General
Practice, Jinsong Community Health Service Center,
Beijing, People’s Republic of China; 5Department
of General Practice, Cuigezhuang Community
Health Service Center, Beijing, People’s Republic of
China; 6Department of General Practice, Xinjiekou
Community Health Service Center, Beijing, People’s
Republic of China; 7Department of General
Practice, Yuetan Community Health Service Center
of Fuxing Hospital, Capital Medical University,
Beijing, People’s Republic of China; 8Department
of General Practice, Jiangtai Community Health
Service Center, Beijing, People’s Republic of
China; 9Department of General Practice, Sanlitun
Community Health Service Center, Beijing,
People’s Republic of China; 10Department of
General Practice, Zuojiazhuang Community
Health Service Center, Beijing, People’s Republic
of China; 11Department of General Practice, The
First People’s Hospital of Chongwen District,
Beijing, People’s Republic of China; 12Department
of General Practice, Balizhuang Community Health
Service Center, Beijing, People’s Republic of
China; 13Department of General Practice, Majiapu
Community Health Service Center, Beijing, People’s
Republic of China; 14Department of Endocrinology,
Beijing Aerospace General Hospital, Beijing, People’s
Republic of China; 15Department of Endocrinology,
China-Japan Friendship Hospital, Beijing, People’s
Republic of China; 16Center of Endocrinology
and Cardiovascular Disease, Department of
Endocrinology, National Center of Cardiology and
Fuwai Hospital, Beijing, People’s Republic of China
1

Correspondence: Shen-Yuan Yuan
Department of Endocrinology, Beijing Tongren
Hospital, Capital Medical University, 1 Dong Jiao Min
Xiang, Beijing 100730, People’s Republic of China
Tel +86 10 5826 8466
Email fulvic@126.com
Guang-Wei Li
Department of Endocrinology, China-Japan Friendship
Hospital, 167 Bei Li Shi Lu, Beijing 100029,
People’s Republic of China
Email guangwei_li@medmail.com.cn

Introduction
Diabetic kidney disease (DKD) is one of the most common microvascular complications
of diabetes which results in end-stage renal disease, as reported by 2015 USRDS Annual
Data. It was estimated that 20%–40% of patients with type 2 diabetes mellitus (T2DM)
will develop a moderate or severe impairment of renal function.1
DKD is characterized by albuminuria and reduced renal function. In normal healthy
kidney, only a tiny amount of albumin is leaked into the urine, usually ,30 mg/d.
Elevated albuminuria is typically the first sign of DKD. Microalbuminuria is defined
as urine albumin between 30 and 300 mg/d. Microalbuminuria is not only one of the
first clinical signs of DKD, but also a marker of renal progression and a risk factor
for all-cause and cardiovascular disease (CVD) mortality.2
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Objective: It is well known that diabetic kidney disease is a risk factor for cardiovascular
diseases (CVD) in patients with type 2 diabetes mellitus (T2DM). In this study, the effects of
urine albumin excretion rate (AER) and estimated glomerular filtration rate (eGFR) on CVD
outcomes were analyzed in a population of T2DM.
Methods: The study was carried out using recorded information of a cohort study. A total
of 1,914 patients with T2DM with no prevalent CVD were enrolled in an 8 years prospective study and received multifactorial intervention. The risk of CVD outcomes was assessed
according to chronic kidney disease staging, which was categorized using AER (mg/d)
and eGFR (mL/min/1.73 m2). The effects of AER and eGFR on risk of CVD onset were
also analyzed.
Results: During the follow-up period (median 6.8 years), 71 CVD events occurred. At baseline,
those with AER $300 mg/d and coexisting eGFR 60–89 mL/min/ 1.73 m2 or ,60 mL/min/1.73 m2
showed increased risk for CVD outcomes when compared with “no chronic kidney disease”
(AER ,30 mg/d and eGFR $90 mL/min/1.73 m2). The increased CVD risk was observed in
patients who progressed to AER $30 mg/d during the follow-up period, whereas patients who
progressed to eGFR ,90 mL/min/1.73 m2 alone showed no increased CVD risk. During the
follow-up period, after multifactorial intervention, 8.7% patients with microalbuminuria and
1.8% patients with overt nephropathy reversed to normoalbuminuria or microalbuminuria.
Conclusion: AER is a more sensitive predictor than eGFR for CVD outcomes in T2DM
patients. Overt nephropathy can be reversed after multifactorial intervention.
Keywords: albumin excretion rate, cardiovascular disease, chronic kidney disease, diabetic
nephropathy, glomerular filtration rate
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A new classification for chronic kidney disease (CKD)
categorized by the stages of estimated glomerular filtration
rate (eGFR) and urine albumin excretion rate (AER) was
proposed by Kidney Disease Improving Global Outcomes,3
which recommends all patients with diabetes should be
screened using eGFR and AER.
In a cross-sectional study, 20% patients with advanced
renal insufficiency had normoalbuminuria, and these patients
also had a higher risk of CVD.4 On the contrary, another study
showed that the outcomes of CVD were not significantly
different between diabetic patients with macroalbuminuria
and normoalbuminuria.5 As the abovementioned studies are
cross-sectional in nature, prospective studies are needed to
investigate the long-term prognosis of diabetic patients’ renal
function and cardiovascular outcomes.
In this study, the effects of AER and eGFR on outcomes
of CVD were analyzed in a population of T2DM patients
after multifactorial intervention. We aimed to assess the
predictive values of the AER and eGFR for cardiovascular
outcomes in type 2 diabetes, using the data from a largescale prospective cohort study – the Beijing Communities
Diabetes Study (BCDS).

Methods
Initial study population
The details of the BCDS study have been published
previously.6 For the present study, briefly, 1,914 T2DM

patients with no prevalent CVD aged between 20 and 80 years
were recruited from 23 community health centers in Beijing
between August 2008 to July 2009 (Figure 1). Institutional
review board and ethics committee approval was obtained
from the Beijing Tongren Hospital Ethical Committee
in accordance with the guidelines of the Declaration of
Helsinki, and written informed consent was obtained from
all participants. The exclusion criteria included the following:
1) patients without baseline data of urinary AER or serum
Cr; 2) patients with AER detection only once or without
centralization. 3) AER or eGFR detected only once.

Study protocol and clinical evaluation
T2DM was deﬁned according to the criteria of the World
Health Organization as positive finding from any 2 of
the following tests on different days: symptoms of DM
plus casual plasma glucose concentration 200 mg/dL
(11.1 mmol/L) or fasting plasma glucose concentration
126 mg/dL (7.0 mmol/L) or a 2-hour posttest plasma glucose
concentration of 200 mg/dL (11.1 mmol/L) after a 75 g oral
glucose load. The study has been described in detail recently.7
Patients were considered hypertensive if they reported
current use of antihypertensive medications and/or had a
systolic blood pressure (BP) $140 mmHg and/or diastolic
BP $90 mmHg.
Fasting blood samples were obtained for measurements
of blood glucose, HbA1c, and serum concentrations of Cr
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Figure 1 Flow chart showing the number of study participants.
Abbreviations: AER, urine albumin excretion rate; BCDS, Beijing Community Diabetes Study; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; T2DM,
type 2 diabetes mellitus.
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and lipids, which were measured by a central endocrinology
laboratory in Beijing Tongren Hospital. AER, which was
performed via a centralized 8-hour overnight urine collection, and was measured by chemiluminescence assay
(IMMULITE 1000, Siemens, Munich, Germany). To confirm
the accuracy of the results in large cohort study, the detection
methods for AER in this study are the same, and more than
2 tests were performed for each patient. All the instruments
and inspections were unified. Data containing nonstandardized tests were removed.
After blood sampling, all patients underwent a resting
12-lead electrocardiogram. Angina pectoris and/or .0.1 mV
ST segment deviation during a treadmill maximal exercise
stress test were recorded. Nonstereoscopic photographs of
the central fundus were taken for all eyes.
According to the new classification of CKD, the albuminuria category was classified using 2 of 3 samples at
baseline being in the stages AER ,30 mg/d (,30 mg/d,
normo-albuminuria), AER $30 and ,300 mg/d ($30
and ,300 mg/d, micro-albuminuria), and AER $300 mg/d
($300 mg/d, overt nephropathy). eGFR was estimated using
the modification of diet in renal disease (MDRD) formula
developed by China’s eGFR cooperative group in 2006.8
The mean of 2 consecutive measures of eGFR was calculated at baseline for each patient. CKD stages were classified
by 3 categories based on albuminuria and eGFR levels: AER
,30, 30–,300 and $300 mg/d; and eGFR $90, 60–89, and
,60 mL/min/1.73 m2. In this study, AER ,30 mg/d and
eGFR $90 mL/min/1.73 m2 was defined as “no CKD.”

Follow-up and outcomes
More than 200 general practitioners participated in this
ongoing prospective study. Training courses were held
before starting the intervention to standardize the protocol,
methodology, and quality control. The patients were regularly
monitored by their family doctors on a one-to-one basis during the follow-up period. The doctors in the community were
systematically educated by professors of endocrinology that
come from a top-tier hospital.
All the patients received multifactorial treatment: a
stepwise implementation of diet control, behavior modification, and the optimum management strategy that targeted
hyperglycemia, hypertension, and dyslipidemia. All the
metabolic variables were detected, and the early detection
and intervention of complications were carried out. A major
focus on comprehensive cardiovascular risk reduction
includes blood glucose, blood pressure, and lipid profiles.
Monitoring approaches were as following: patients were
examined at clinic visits every 3 months; HbA1c, AER,
Therapeutics and Clinical Risk Management 2018:14
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and serum lipid profile were measured every half a year;
electrocardiogram and eye examination were done every
6–12 months. Treatment goals recommended by the Chinese
guidelines for prevention and treatment of T2DM were
HbA1c ,7.0%, BP ,140/80 mmHg, and low-density
lipoprotein-cholesterol ,2.6 mmol/L (100 mg/dL).
In this study, cardiovascular events were defined as first
nonfatal or fatal cardiovascular events, including myocardial
infarction, unstable angina pectoris, heart failure hospitalization, coronary bypass, percutaneous transluminal coronary
angioplasty, and stent implantation. The occurrence of
composite outcome including macrovascular complications
(such as myocardial infarction, heart failure, cerebral infarction, and stroke), newly diagnosed microalbuminuria, aggravation of diabetic nephropathy (clinical grade proteinuria, a 2-fold
increase in plasma creatinine, or renal replacement therapy),
and malignant tumors were recorded.9 An independent endpoint adjudication committee assessed all potential endpoints
and classified them. Especially, progression and regression
of albuminuria and eGFR stage during the follow-up were
recorded. Both AER and eGFR were measured twice a year.

Statistical analysis
The BCDS database was set up using EpiData 3.0 software
(The EpiData Association, Odense, Denmark). Statistical
analysis was performed using SAS® software (version 9.0,
SAS Institute Inc., Cary, NC, USA). The results were
expressed as means ± SD or medians and interquartile range
(Q1, Q3). The analysis of variance and χ2 test were used to
compare continuous and categorical variables, respectively.
Kaplan–Meier estimates of the risk for the final clinical endpoints were made. Cox regression analyses were performed
to estimate risk factors influenced events of CVD events and
composite endpoints. All tests were 2-sided, and the level of
significance was established as P,0.05.

Results
Baseline characteristics
The clinical and anthropometric characteristics of the study
group stratified by albuminuria stage are shown in Table 1.
In this study, the mean age and body mass index of all patients
were 66.4±10.1 years and 25.5±3.5 kg/m2, respectively,
and the duration of illness was 5.7–17.8 years. The proportion of hypertensive patients, smokers, and those taking
rennin–angiotensin system (RAS) inhibitors were 71.11%,
16.84%, and 14%.
According to staging by albuminuria, patients with advanced
stages showed increased age, fasting blood glucose, HbA1c,
systolic BP, total cholesterol, triglyceride, and uric acid levels
submit your manuscript | www.dovepress.com
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Table 1 Baseline anthropometric and clinical parameters according to the groups
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Clinical variables
Gender (%)
Male
Female
Smoking (%)
No
Yes
Age (years)
Duration (years)
BMI (kg/m2)
Hypertension (%)
No
Yes
Systolic BP (mmHg)
Diastolic BP (mmHg)
Fasting blood glucose (mmol/L)
Postprandial blood glucose (mmol/L)
HbA1c (%)
Triglyceride (mmol/L)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Uric acid (µmol/L)
Creatinine clearance rate (mL min-1)
AER (µg/min)
eGFR (mL/min/1.73 m2)
Metformin (%)
No
Yes
Insulin (%)
No
Yes
Taking RAS inhibitors (%)
No
Yes

All
(n=1,914)

,30 mg/d
(n=1,519)

30–,300 mg/d
(n=327)

$300 mg/d
(n=68)

P-value

763 (39.86)
1,151 (60.14)

581 (38.25)
938 (61.75)

146 (44.65)
181 (55.35)

36 (52.94)
32 (47.06)

0.008

1,590 (83.16)
322 (16.84)
66.35±10.05
15.84±6.56
25.47±3.47

1,281 (84.44)
236 (15.56)
65.95±10.07
9.2 (5.7, 14.8)
25.34±3.44

256 (78.29)
71 (21.71)
67.52±9.89
10.9 (6.1, 16.7)
25.95±3.60a

53 (77.94)
15 (22.06)
69.69±9.46a
12.9 (8.3, 17.8)a,b
26.20±3.21a

0.013

553 (28.89)
1,361 (71.11)
129.69±14.84
78.02±8.86
8.10±2.70
10.92±6.10
7.32±1.59
1.86±1.41
5.17±1.21
1.38±0.46
2.88±1.03
276.19±124.09
0.87±0.30
84.20±588.52
97.43±52.61

489 (32.19)
1,030 (67.81)
128.44±14.05
77.80±8.64
7.91±2.60
10.72±6.37
7.17±1.50
1.79±1.34
5.13±1.18
1.39±0.42
2.87±1.02
277.0 (211.3, 347.0)
0.8 (0.7, 1.0)
9.0 (6.4, 13.9)
98.53±56.02

58 (17.74)
269 (82.26)
133.58±16.07a
78.71±9.60
8.76±2.99a
11.64±4.87
7.83±1.79a
2.14±1.71
5.28±1.28
1.35±0.61
2.92±1.08
297.1 (233.0, 366.0)
0.9 (0.7, 1.0)
60.1 (39.0, 101.1)a
95.88±36.19

6 (8.82)
62 (91.18)
138.71±19.11a,b
79.65±9.69
9.07±2.77a
11.81±4.71
8.20±1.65a,b
2.07±1.18
5.46±1.49a
1.31±0.40
3.04±1.03
302.0 (255.0, 369.5)a,b
1.0 (0.8, 1.3)a,b
790.5 (481.5, 1,554.8)a,b
80.20±34.65a,b

,0.001

1,162 (60.71)
752 (39.29)

922 (60.70)
597 (39.30)

198 (60.55)
129 (39.45)

42 (61.76)
26 (38.24)

0.983

1,514 (79.10)
400 (20.90)

1,236 (81.37)
283 (18.63)

239 (73.09)
88 (26.91)

39 (57.35)
29 (42.65)

,0.001

1,646 (86.00)
268 (14.00)

1,327 (87.36)
192 (12.64)

270 (82.57)
57 (17.43)

49 (72.06)
19 (27.94)

,0.001

,0.001
0.075
,0.001
0.024
,0.001
,0.001
0.017
0.109
0.330
0.002
,0.001
,0.001
0.016

Notes: n = number of individuals. Data are reported as mean ± SD, median (Q1, Q3) or as a percentage. avs AER,30 mg/d group. bvs AER 30–,300 mg/d group.
Abbreviations: AER, urine albumin excretion rate; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; RAS, renin–angiotensin system.

(Table 2). The proportion of those taking renin-angiotensinaldosterone system (RAAS) blockade drugs in the normal albuminuria group, microalbuminuria group, and overt nephropathy
group was 71.64%, 21.27%, and 7.09%, respectively. There
were significant differences among the 3 groups (P,0.05).

All-cause endpoint events after 96-months
follow-up
During a median follow-up of 6.8 years, 327 events occurred,
including 71 CVD events (3.7%) and 256 composite endpoints (13.4%). The incidence rates of CVD were 2.94%,
5.49%, and 12.86% in the normoalbuminuria group,
microalbuminuria group, and overt nephropathy group,
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respectively. There were significant differences among the 3
groups (P,0.001). The incidence rates of CVD and composite endpoints increased with progression of albuminuria stage
and eGFR stage. In particular, there was high incidence rates
in those with albuminuria stages .300 mg/d plus coexisting
eGFR of 60–89 or ,60 mL/min/1.73 m2.

Correlation of cardiovascular events
and metabolic variables stratified by
CKD stage
In the multivariate Cox hazards model analysis, after
adjustment for cardiovascular risk factor, smoking, and
RAS inhibition, the risk for CVD and composite endpoints
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Table 2 Proportion of patients with albuminuria and eGFR during the follow-up
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eGFR stage
(mL/min/
1.73 m2)
$90
60–90
-60
Total

2008

2016
30–,300 mg/d

$300 mg/d

,30 mg/d

30–,300 mg/d

$300 mg/d

N

,30 mg/d
%

N

%

N

%

N

%

N

%

N

%

786
568
165
1,519

80.8
80.3
70.5
79.4

166
115
46
327

17.1
16.3
19.7
17.1

21
24
23
68

2.2
3.4
9.8
3.6

804
586
173
1,563

82.6
82.9
73.9
81.7

150
99
41
290

15.4
14
17.5
15.2

19
22
20
61

2
3.1
8.5
3.2

Abbreviation: eGFR, estimated glomerular filtration rate.

stratified by CKD stage was evaluated (Table 3). The hazard
ratios (HRs) were significantly higher for patients with
albuminuria .300 mg/d in both CVD events and composite
endpoints (P,0.05). However, the HR was not affected by
eGFR stages in both CVD events and composite endpoints
(Figure 2). In this study, higher fasting blood glucose and
HbA1c increased the risk of CKD and proteinuria, but did not
increase the risk of CVD (Figure 3). There was no significant
difference in the incidence rates of CVD between patients
who took RAAS blockade drugs when compared with those
who did not (P.0.05).

The potential confounding factors for
CKD progression
Patients who progressed to advanced albuminuria stages
showed higher baseline values in fasting blood glucose and
postprandial blood glucose (8.97±2.98 vs 8.11±2.70 mmol/L,
11.94±5.01 vs 10.43±3.72 mmol/L, P,0.05), compared
with those who regressed to lower albuminuria stages.
No differences were found in the outcomes of CVD events
and composite endpoints among patients with and without
changes in albuminuria stages.

Table 3 Cox regression for factors influencing events of CVD stratified by different stages of CKD after adjustment for gender
and age
B

se

Wald

P-value

HR

95% CI for HR
Lower

Upper

1.810

1.044

3.135

3.986

1.932

8.226

0.017

0.563

0.352

0.901

11.82

0.001

1.048

1.020

1.076

0.15

27.82
8.35

0.000
0.004

1.547

1.151

2.080

1.07

0.22

23.68

0.000

2.913

1.894

4.481

-0.48

0.13

14.74

0.000

0.617

0.483

0.790

Age
CVD
eGFR
60–90 mL/min/1.73 m2

0.03

0.01

20.80

0.000

1.032

1.018

1.045

-0.23

0.26

0.82
0.80

0.665
0.370

0.792

0.475

1.320

,60 mL/min/1.73 m2

-0.06

0.36

0.02

0.875

0.945

0.466

1.917

Gender

CVD
AER
30–,300 mg/d

0.59

0.28

15.67
4.47

0.000
0.034

$300 mg/d

1.38

0.37

14.00

0.000

Gender

-0.58

0.24

5.74

0.05

0.01

0.44

$300 mg/d
Gender

Age
Composite outcomes
AER
30–,300 mg/d

-0.62

0.24

6.68

0.010

0.538

0.336

0.861

Age
Composite outcomes
eGFR
60–90 mL/min/1.73 m2

0.05

0.01

14.33

0.000

1.053

1.025

1.082

-0.43

0.14

10.67
9.11

0.005
0.003

0.651

0.493

0.860

,60 mL/min/1.73 m2

0.06

0.18

0.10

0.756

1.058

0.743

1.504

Gender
Age

-0.53
0.03

0.13
0.01

17.47
25.02

0.000
0.000

0.591
1.035

0.462
1.021

0.756
1.049

Abbreviations: AER, urine albumin excretion; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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20

Log-rank: P=0.006

15
10

96 108

5
0

0

12

24

Follow-up (months)

36

48

60

72

84

96 108

Follow-up (months)

AER

eGFR

<30 mg/d

30–<300 mg/d

≥90

≥300 mg/d

60–90

–60

Figure 2 Incidence and adjusted HR for CVD in type 2 diabetic patients during CKD progression.
Notes: The HRs were significantly higher for patients with albuminuria $300 mg/d in both CVD events and composite endpoints (P,0.05). However, the HR was not
affected by eGFR stages in both CVD events and composite endpoints.
Abbreviations: AER, urine albumin excretion rate; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio.

Profile changes of the stages by
albuminuria and eGFR
The proportions of patients during the follow-up are shown
by the CKD categories in Table 2. During the follow-up, the
mean levels of urinary albumin excretion at baseline were
10.7, 85.3 and 2,040 mg/d in patients who remained in the

normoalbuminuria, microalbuminuria and overt nephropathy
groups, respectively. With the increase of AER, the patients
were more likely to progress to advanced DKD stage. Of note,
8.7% patients with microalbuminuria and 1.8% patients
with overt nephropathy reversed to normoalbuminuria or
microalbuminuria.

Index

OR (95% CI)

P-value

CVD
FBG
PPG
HbA1c

0.98 (0.90, 1.08)
1.00 (0.97, 1.04)
1.10 (0.96, 1.26)

0.727
0.842
0.149

CKD
FBG
PPG

1.11 (1.08, 1.15)
1.03 (1.01, 1.06)

<0.001
0.001

HbA1c

1.23 (1.15, 1.30)

<0.001

Proteinuria
FBG

1.15 (1.05, 1.25)

0.001

PPG
HbA1c

1.01 (0.98, 1.03)
1.46 (1.25, 1.72)

0.526
<0.001

1 0.5 1

2

Figure 3 The relationship between blood glucose and the development of CVD, progression of CKD, and proteinuria.
Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; FBG, fasting blood glucose; PPG, postprandial blood glucose.
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Discussion
CKD, defined by reduced GFR or presence of markers for
kidney damage, has become a severe global health problem.10
The incidence of CKD is rapidly increasing due to the rising
prevalence of T2DM and obesity.11
In patients with T2DM, well-documented risk factors for
CKD include age, obesity, fasting glucose, and hypertension.
In the present study, T2DM patients with CKD showed poor
control of blood pressure, blood glucose, and lipids profiles,
and were overweight. Higher fasting blood glucose and HbA1c
increased the risk of CKD and proteinuria. In addition, most
patients with CKD were more than 60 years old and had a history of smoking and hypertension. Hypertension is regarded as
the leading risk factor for the development and progression of
CKD in diabetic individuals.12 In this study, after adjustment,
systolic BP, age, and duration of diabetes were shown to be
the strongest risk factors of CKD during follow-up.
The kidney failure risk equations are widely used in
electronic applications, with some initial validation in other
countries and health care systems.13–15 The early sign of
kidney damage was defined as increased level of urinary
albumin excretion, and persistent albuminuria was identified
as AER $30 mg/d lasting for more than 3 months.3 Recent
studies demonstrated that renal prognosis is closely associated with reduced eGFR and increased AER.16,17
BCDS is an ongoing prospective investigation of the
effects of multifactorial intervention on the development
of disease complications in T2DM patients living in urban
communities in Beijing. This is the first time AER and
eGFR were compared for outcomes of CVD in T2DM in
a large sample which has been followed up for such a long
time in People’s Republic of China. As an index to evaluate
kidney disease, urinary albumin-to-creatinine ratio (ACR)
was always detected once in the urine. In this study, the
albuminuria was detected by AER at baseline using 2 of 3
samples, and the stability was better than that of ACR.
The novelty of this study is that both AER and eGFR were
used simultaneously to assess renal impairment indicators
in BCDS. Theoretically, AER is a more direct marker for
kidney damage, while eGFR may play an important role in
screening.
The association of increased albuminuria with both allcause mortality and cardiovascular mortality in the general
population has been described in the analyses of the CKD
Prognosis Consortium.16 But the nature of this link remains
controversial and poorly understood. Its presence alone
sometimes does not indicate established kidney disease.18
Meanwhile, the associations among microalbuminuria,
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eGFR, and CVD incidence need to be examined in prospective, population-based studies.19 Our results showed that
CVD outcomes were highly correlated with stages of albuminuria even after adjustment of multiple factors, which was
similar to the previous reports.20,21 In addition, the outcomes
of CVD in our study were relatively lower than previously
reported, which is possibly due to our multifactorial intervention approaches for CVD prevention.22,23
Unlike albuminuria, we found CVD outcomes were
not totally parallel with eGFR. Patients with eGFR
.90 mL/min/1.73 m2 had even higher CVD HR than those
with GFR of 60–89 or ,60 mL/min/1.73 m2. A possible
explanation is that albuminuria is not only a marker of diabetic nephropathy but also reflects a generalized abnormality
of vascular function.24,25 Therefore, albuminuria may have a
cause and effect relationship with CVD, whereas eGFR has
no direct effect on CVD and can be affected by other confounding variables in T2DM, eg, blood pressure and smoking. To support this hypothesis, a previous study showed that
patients who developed CVD had higher levels of baseline
AER, even within the normoalbuminuric range.26
As is well known, intensive multifactorial interventions
are effective in reducing cardiovascular risk in patients with
microalbuminuria and diabetes or hypertension.27 In this
study, we did not find a clear connection between blood
glucose and the risk of CVD, which partly reflects the effectiveness of the multifactorial intervention in this study.
So far, only a few studies have examined the transition
in different stages of diabetic nephropathy.28 In the present
study, all patients received multifactorial treatment and
regular monitoring as mentioned. It has been suggested that
diabetic nephropathy at early stage might be reversible. We
found 8.7% patients with microalbuminuria (n=166) and 1.8%
patients with overt nephropathy (n=34) reversing to normoalbuminuria or microalbuminuria. This cohort study provided
clinically interesting evidence that reducing albuminuria is
possible even in patients with eGFR ,60 mL/min/1.73 m2.
In BCDS, patients with diabetic nephropathy can be reversed
in some degree by multifactorial management, which has a
protective effect on kidney. Even if the patient progresses
to overt nephropathy, it can also be reversed to microalbuminuria. There seems to be a certain reversion cut-off point
in different populations, not only simply dependent on the
classic staging criteria in diabetic nephropathy.
Taken together, this study led to 2 major findings. First,
AER is a more sensitive predictor for CVD than eGFR in
patients with diabetes. AER is a more direct marker for
kidney damage, while eGFR may play an important role in
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screening. Second, diabetic nephropathy can be reversed even
in advanced AER stage. Multifactorial intervention is very
important for the prevention of CVD outcomes and DKD
progression. AER as a sensitive indicator of CVD risk should
be monitored once or twice a year for progression to macroalbuminuria and CKD development, even if blood pressure,
plasma glucose, and lipids profiles are in target control.

Study limitations
This subanalysis has a few limitations in addition to those
reported in the BCDS study. Because the present study was
a subanalysis of the BCDS trial, the number of patients
and number of events was lower than in the main study.
Therefore, the present study is much more underpowered for
observing the effects of DKD progression and CVD outcomes
based on detection of AER or eGFR. In addition, the dropout
rate was relatively high, which may produce bias. Because
of the nature of making several subgroups, significant results
should be interpreted with the caution of potential α error.
As a study of specific populations, it can be seen as a pilot
study of these particular ethnic groups. Research needs to be
carried out in populations in other regions to support it.
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