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Background: To determine the frequency of chronic kidney disease (CKD) and its associated risk factors in Chinese type 2 dia-
betic patients, we conducted a cross-sectional study in Nanjing, China, in the period between January 2008 and December 2009.

Methods: Patients with type 2 diabetes under the care by Jiangsu Province Official Hospital, Nanjing, China were invited for as-
sessment. CKD was defined as the presence of albuminuria or estimated glomerular filtration rate <60 mL/min/1.73 m®. Albu-
minuria was defined as urinary albumin-to-creatinine ratio >30 mg/g.

Results: We recruited 1,521 urban Chinese patients with type 2 diabetes (mean age, 63.9+12.0 years). The frequency of CKD
and albuminuria was 31.0% and 28.9%, respectively. After adjusted by age and sex, hypertension, anemia and duration of diabe-
tes were significantly associated with CKD with odds ratio (95% confidence interval) being 1.93 (1.28 to 2.93), 1.70 (1.09 to 2.64),
and 1.03 (1.00 to 1.06), respectively.

Conclusion: In conclusion, CKD was common in the urban Nanjing Chinese with type 2 diabetes. Strategies to prevent or delay

progression of kidney disease in diabetes should be carried out at the early disease course of type 2 diabetes.

Keywords: Albuminuria; Chronic kidney disease; Diabetes mellitus, type 2; Risk factors

INTRODUCTION

Chronic kidney disease (CKD) is a worldwide public health
problem with increasing incidence and prevalence. Recently,
diabetes has become the leading cause of end-stage renal dis-
ease in many developed countries accounting for about 40% of
all new cases who require renal replacement therapy [1,2]. Stud-
ies have demonstrated that CKD was an independent risk fac-
tor for cardiovascular disease (CVD) and all-cause death in
diabetic individuals [3-6]. The early detection of CKD in dia-
betic patients is therefore of critical importance.

The conventional approach for screening CKD was the de-
termination of albumin excretion rate (AER). As a manifesta-

tion of kidney damage, albuminuria is a component of CKD
and has been suggested to be an important marker of early-
stage CKD and a useful predictor of overt diabetic nephropa-
thy. However, epidemiologic evidence indicated that a sub-
stantial fraction of those with CKD in the setting of diabetes
have little or no detectable albuminuria [7,8]. In keeping with
the National Kidney Foundation guidelines [9], American Di-
abetes Association (ADA) recommends the screening of CKD
in diabetic patients using both AER and glomerular filtration
rate (GFR) [10]. Direct measurement of GFR was difficult to
perform, not to mention the issues of being time-consuming
and expensive. However, GFR can be estimated using formu-
lae such as the Cockroft-Gault equation or a prediction for-
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mula based on data from the Modification of Diet and Renal
Disease (MDRD) study [10]. The MDRD equation was more
accurate [11], more robust when glucose control was poor [12],
and not biased by body weight [13].

Recently, Yang et al. [14] reported the age-standardized
prevalence of diabetes were 9.7%, accounting for 92.4 million
adults with diabetes in China. The rapidly increasing rate of
diabetes implied an escalating demand in managing progres-
sive renal failure. Unlike albuminuria, measurement of GFR to
screen for kidney disease was not popular among diabetic pa-
tients in China. To our knowledge, epidemiological data re-
garding the prevalence of CKD in China is limited. There were
only a few studies reporting the association between CKD and
albuminuria among Chinese patients with diabetes.

Against this background, we conducted this study aiming
to: 1) determine the frequency of CKD in Chinese type 2 dia-
betic patients in Nanjing; 2) identify the risk factors associated
with CKD; and 3) investigate the inter-relation between esti-
mated GFR (eGFR) and albuminuria.

METHODS

Participants

This study was a cross-sectional study designed to raise the at-
tainment rate of treatment of hyperglycemia, hypertension,
and dyslipidemia in type 2 diabetics and was performed by
Diabetes Care and Research Center of Jiangsu Province Offi-
cial Hospital and Jiangsu Province Institute of Geriatrics, Nan-
jing, China. All enrolled patients are urban resident popula-
tion of Nanjing City, the capital of Jiangsu Province. Patients
were divided into three stages, including initiating stage, regu-
lating stage and maintaining stage, and were managed using
target software through multifactoral intervention. A total of
2,256 type 2 diabetics aged over 30 year-old were recruited be-
tween January 2008 to December 2009 from Diabetes Care and
Research Center of Jiangsu Province Official Hospital and Ji-
angsu Province Institute of Geriatrics, Nanjing, China. Com-
prehensive clinical evaluations including history taking, physi-
cal examination, and laboratory assessment were performed at
baseline for all study patients. Seven hundred thirty-five pa-
tients were excluded due to missing urine data, concurrent in-
fection, fever, pyuria and/or hematuria due to any cause, de-
compensated cardiac failure, severe hepatic dysfunction, known
non-diabetic renal disease, eGFR below 15 mL/min/1.73 m*
(CKD stage 5) or receiving renal replacement therapy and
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pregnant or menstruating women. Eventually, 1,521 Chinese
type 2 diabetics were included in this present analysis. This
study was approved by Jiangsu Province Health Administra-
tive Department and its Ethics Committee. The study com-
plied with the Declaration of Helsinki and informed written
consents were obtained from all participants.

Anthropometric and clinical assessments

Blood pressure (BP) was measured twice using a standard
mercury manometer in the sitting position after the subject
rested for at least 15 minutes. The average of the two measure-
ments was recorded. Hypertension was defined by systolic BP
>140 mm Hg and/or diastolic BP =90 mm Hg [15] or current
use of anti-hypertensive agents. Body weight, height and waist
circumference were measured with patients just on light cloth-
ing without shoes. Waist circumference was measured with a
non-metallic, constant tension tape placed around the body at
the midpoint between the highest point of the iliac crest and
the lowest part of the costal margin in the mid-axillary line.
Body mass index (BMI) was calculated as weight (kg) divided
by squared height (m?). Overweight/obesity were defined as
BMI >25 kg/m” [16]. Both brachial and ankle systolic BPs were
measured in the supine position with an 8-MHz Doppler ul-
trasound device (ES-1000SPM Smartdop; Hadeco, Kawasaki,
Japan). According to the guidelines of American Heart Asso-
ciation [17], ankle-brachial index (ABI) was calculated as the
ratio of the higher value of the systolic BP of the two ankle ar-
teries of that limb (either the anterior or the posterior tibial ar-
tery) and the higher value of the two brachial systolic BP. For
each patient, the lower ABI from both legs was used for further
evaluation. Peripheral artery disease was defined as being pres-
ent if ABI <0.9 in at least one leg. CVD was defined as a self-
reported history of coronary arterial disease (including a pre-
vious history of myocardial infarction, the presence of coro-
nary interventions) and/or stroke.

Laboratory assay

Venous blood was collected from the antecubital vein after 12
hours overnight fast. Glycated hemoglobin (HbA1c) was mea-
sured by a dedicated ion exchange high-performance liquid
chromatography instrument (Bio-Rad Variant II; Bio-Rad
Laboratories, Hercules, CA, USA). Plasma glucose levels were
measured using the glucose oxidase method (Roche Module
P800; Roche Diagnostics Ltd., Basel, Switzerland). Diabetes
was diagnosed according to the ADA 1997 criteria [18]. Se-
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rum urea nitrogen, creatinine, uric acid, total cholesterol (TC),
high density lipoprotein cholesterol (HDL-C), low density li-
poprotein cholesterol (LDL-C), and triglyceride (TG) concen-
trations were determined enzymatically (Roche Module P800).
Dyslipidemia was defined by fasting serum TC >5.18 mmol/L
and/or TG >1.70 mmol/L, and/or LDL-C >3.37 mmol/L, and/
or HDL-C <1.04 mmol/L [19]. Anemia was defined as hemo-
globin level less than 130 g/L in male and 120 g/L in female
[20]. A morning spot urine sample was obtained from partici-
pants for measuring urinary albumin-to-creatinine ratio (ACR).
Due to resources limitation, only one urine specimen was col-
lected for each patient. The DCA-2000 microalbumin/creati-
nine assay system (Bayer Diagnostics, Miinchen, Germany)
detected urine albumin using an immunoturbidimetric direct
antibody-antigen aggregation method and measured creatinine
colorimetrically based on the Benedict-Behre reaction [21].
Urinary ACR was computed and reported in milligrams per
gram (mg/g). Albuminuria was defined as urinary ACR >30
mg/g. Microalbuminuria was defined as ACR of 30 to 299 mg/
g, and macroalbuminuria was defined as ACR of 300 mg/g or
higher [10].

Kidney function was stratified according to eGFR using the
MDRD equation [22] as follows: eGFR=186x [serum creati-
nine (mg/dL)]™"**x [age (year)] "*”x(0.742 if female). Ac-
cording to the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative (K/DOQI) working group [9],
CKD was defined as the presence of albuminuria or eGFR <60
mL/min/1.73 m* The stages of CKD were defined as follows:
Stage 1, albuminuria with an eGFR >90 mL/min/1.73 m%
Stage 2, albuminuria with an eGFR of 60 to 89 mL/min/1.73
m? Stage 3, an eGFR of 30 to 59 mL/min/1.73 m’ regardless of
urinary ACR; and Stage 4, an eGFR of 15 to 29 mL/min/1.73
m?’ regardless of urinary ACR. Renal insufficiency was defined
asan eGFR <60 mL/min/1.73 m* (CKD stage 3 to 4).

Statistical analysis

Data were presented as mean * standard deviation for continu-
ous variables and proportions for categorical variables. Serum
TG, urinary ACR and duration of diabetes were logarithmi-
cally transformed for analyses and the geometric means were
presented. The mean values of duration of diabetes, BP, BMI,
waist circumference, HbAlc, lipid profile, uric acid, urea ni-
trogen, creatinine, hemoglobin, eGFR and urinary ACR were
estimated using the general linear model after adjusting for
age and sex. Previous studies suggested urinary ACR levels fell
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into a non-linear distribution pattern [23]. In order to estimate
the relationship between decreasing eGFR and the increment
of urinary ACR, and to ensure that each sub-group has similar
sample size for more appropriate statistical comparison, uri-
nary ACR was stratified into 12 grades [23] and a polynominal
regression analysis and curve fitting were performed.

The difference among the CKD stages was tested using
ANOVA. The chi-squared test was employed to estimate the
difference for categorical variables. The odds ratio between the
factors and CKD was calculated using logistic regression anal-
ysis with or without adjustment for sex and age. Polynominal
regression and curve fitting were performed to estimate the
trends of eGFR with the increment of urinary ACR. Statistical
analyses were performed using SPSS for Windows version 15.0.
(SPSS Inc., Chicago, IL, USA). All statistical tests were two-sid-
ed and a P value of less than 0.05 was considered statistically
significant.

RESULTS

Population characteristics and the frequency of CKD

The mean age of the study cohort was 63.9+12.0 years (medi-
an, 65 years; range, 30 to 88 years), duration of diabetes was
6.6+2.4 years (median, 8 years; range, 0 to 30 years) and HbAlc
was 7.56+1.66%. The rate of hypertension, dyslipidemia, over-
weight/obesity, CVD, PAD, and anemia was 57.9%, 41.7%,
44.0%, 21.6%, 7.5%, and 24.7%, respectively. The clinical and
metabolic parameters of patients according to the stages of
CKD were shown in Table 1. As compared to those who had
no CKD, the patients with CKD stage 1 to 2 or stage 3 to 4
were older, had higher rate of hypertension, CVD, PAD and
anemia, and had longer duration of diabetes. The CKD stage 1
to 2 patients had higher HbA1c level than those without CKD
and those with stage 3 to 4, and there was no difference of
HbA1lc between patients without CKD and those with CKD
stage 3 to 4.

Table 2 showed the frequency and age of the subjects ac-
cording to their levels of kidney function, albuminuria, and
stages of CKD. As earlier stages of CKD (stage 1 to 2) were
classified based on a combination of eGFR and albuminuria,
the frequency of albuminuria were categorized within each
level of eGFR. There were 717 (47.1%) patients whose eGFR
levels were less than 90 mL/min/1.73 m’. The total frequencies
of CKD and albuminuria in diabetes subjects were 31.0% and
28.9%. The frequency of renal insufficiency (defined as eGFR
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Table 1. Clinical and metabolic parameters across the stages of chronic kidney disease

CKD stages®
Parameter Total (n=1,521) Pvalue®
Normal (n=1,049) Stage 1-2 (n=373) Stage 3-4 (n=99)

Age, yr 63.9+£12.0 62.0+£11.7 66.4+12.1 74.0+8.0 <0.001
Male, % 63.3 66.5 59.0 45.5 <0.001
Duration of diabetes, yr° 6.6+2.4 59+2.4 79+2.3 9.6+2.2 <0.001
Smoking, % 27.5 27.2 28.2 28.3 0.920
HbAlc, % 7.56+1.66 7.47+1.62 7.85+1.79 7.40+1.39 <0.001
SBP, mm Hg 129.0+14.3 127.1+13.9 132.8+14.3 134.5+13.5 <0.001
DBP, mm Hg 77.1+8.8 77.1+8.8 77.5+8.9 76.0+9.0 0.072
BML, kg/m’ 24.5+3.0 24.5+2.9 244+33 24.6+3.0 0.300
Waist circumference, cm 88.2+8.9 88.0+8.8 88.9+9.2 88.2+8.9 0.138
Total cholesterol, mmol/L 4.79+0.97 4.81+£0.93 4.84+1.04 449+1.12 0.010
Triglyceride, mmol/L¢ 1.47+£1.01 1.45+1.02 1.52+£1.03 1.57£1.05 0.002
HDL-C, mmol/L 1.21+0.28 1.22+0.29 1.22+0.26 1.17+0.28 0.004
LDL-C, mmol/L 2.87+0.78 2.90£0.75 2.84+0.82 2.66+0.84 0.043
Hemoglobin, g/L 135.3+16.7 137.7+15.3 132.9+16.6 121.3+21.9 <0.001
Urea nitrogen, mmol/L 6.14+1.73 5.92+1.43 6.06+1.58 8.92+2.65 <0.001
Creatinine, pmol/L 74.9+21.0 70.8+14.2 73.1+£16.0 125.4+31.1 <0.001
Uric acid, pmol/L 330.5+81.9 326.3+78.5 326.8+£82.1 390.8+94.5 <0.001
Urinary ACR, mg/g° 20.1£3.5 10.1£1.8 81.6+2.2 95.7+4.9 <0.001
eGFR, mL/min/1.73 m*¢ 93.8+£25.7 98.6£21.9 93.0+£254 46.5+£9.8 <0.001
Hypertension , % 57.9 52.6 66.5 81.8 <0.001
Overweight/Obesity, % 44.0 43.1 454 48.4 0.523
Dyslipidemia, % 41.7 41.6 40.6 46.2 0.652
Anemia, % 24.7 17.9 32.4 59.6 <0.001
CVD, % 21.6 18.1 29.2 29.3 <0.001
PAD, % 7.5 6.0 8.9 20.0 0.001
Treatment of diabetes, %

Diet 12.6 139 9.9 9.1 -

OADs 54.8 57.3 52.0 384 -

Insulin or Insulin+OADs 32.6 28.8 38.1 52.5 <0.001
Taking AHD in hypertension subjects, % 78.4 78.8 77.0 80.3 0.780
Taking ACEIs/ARBs, % 30.2 259 37.0 49.5 <0.001
Taking statins, % 15.7 14.0 18.5 22.2 0.022
Taking aspirin, % 38.1 36.7 39.7 46.5 0.122

CKD, chronic kidney disease; HbAc, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index;
HDL-D, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ACR, albumin-to-creatinine ratio; eGFR, estimated
glomerular filtration rate; CVD, cardiovascular disease; PAD, peripheral arterial disease; OADs, oral antidiabetic drugs; AHD, antihypertensive
drugs; ACEISs, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers.

*CKD stages 1-2 were defined based on the level of kidney function and the presence of albuminuria; stages 3-4 were defined solely based on
kidney function; subjects with eGFR below 15 mL/min/1.73 m’ (stage 5) receiving maintenance dialysis were excluded in this study, "Age and
sex adjusted P value among the CKD stages except for age and categorical variables compared, “‘Non-normally distributed variables were ex-
pressed as Geometric mean, *GFR estimated by Modification of Diet in Renal Disease (MDRD) study equation.
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Table 2. Kidney functions, albuminuria and stages of CKD of the 1,521 Chinese patients with type 2 diabetes

Kidney function Albuminuria CKD
GER® Within the study population Within each eGFR level Within the study population
N g P N g T g ool gy Py

>90 804 59.7+12.3 52.9 160 61.2+13.2 19.9 1 160 61.2+13.2 10.5
60-89 618 67.7+9.8 40.6 213 70.4%9.5 34.5 2 213 70.4+9.5 14.0
30-59 93 74.0+£7.9 6.1 61 75.3+6.9 65.6 3 93 74.0+£7.9 6.1
15-29 6 74.8+10.6 0.4 6 74.8+£10.6 100.0 4 6 74.8+£10.6 0.4
<15¢ NA NA NA NA NA NA 5 NA NA NA
Total 1,521 63.9+12.0 100.0 440 67.8£12.0 28.9 All 472 68.0+11.8 31.0

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; NA, not applicable.

*GFR estimated by Modification of Diet in Renal Disease (MDRD) study equation, in the unit of mL/min/1.73 m’, *CKD stages 1-2 were de-
fined based on the level of kidney function and the presence of albuminuria; stages 3-4 were defined solely based on kidney function, “Subjects
with eGFR below 15 mL/min/1.73 m* (CKD stage 5) receiving maintenance dialysis were excluded in this study.
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Fig. 1. The frequency of chronic kidney disease (CKD) (A) and albuminuria (B) in 1,521 Nanjing Chinese type 2 diabetic pa-

tients stratified by age.

<60 mL/min/1.73 m’) was 6.5%, and the corresponding fre-
quencies were 1.0%, 0.9%, 4.6%, 10.4%, and 22.4% in those
aged <50, 50 to 59, 60 to 69, 70 to 79 and >80 years, respec-
tively. In patients with renal insufficiency, the frequency of al-
buminuria and normoalbuminuria was 67.7% and 32.3%, re-
spectively. Fig. 1 showed the frequency of CKD stage 1 to 2,
stage 3 to 4, and micro-/macro-albuminuria which increased
gradually with the increase of age (P<0.001).

Risk factors associated with CKD

We analyzed the association between the presence of CKD
and HbAlc, duration of diabetes, hypertension, dyslipidemia,
overweight/obesity, CVD, PAD and anemia. After adjusting
for age and gender, hypertension, anemia, and duration of dia-
betes were independently associated with CKD with an odds
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ratio (95% confidence interval) of 1.93 (1.28 to 2.93, P=0.002),
1.70 (1.09 to 2.64, P=0.019), and 1.03 (1.00 to 1.06, P=0.040),
respectively (Table 3).

Association between eGFR and albuminuria
The frequency of micro- and macro-albuminuria increased
significantly with decreasing eGFR levels (P<0.001). When
the patients were stratified according to their urinary ACR
status, the frequency of renal insufficiency was 3.0%, 9.3%,
and 40.5%, and the frequency of eGFR <90 mL/min/1.73 m*
was 40.4%, 57.6%, and 89.3% for patients with normo-, micro-,
and macroalbuminuria, respectively.

With urinary ACR being stratified into 12 grades and a
polynominal regression analysis and curve fitting were per-
formed, as shown in Fig. 2, a cubic parabola regression equa-
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Table 3. Risk factors associated with CKD in Nanjing Chinese type 2 diabetic patients
Unadjusted Adjusted®

OR (95% CI) Pvalue OR (95% CI) Pvalue
HbAlc 1.071 (0.963-1.191) 0.207 1.082 (0.972-1.206) 0.151
Duration of diabetes 1.032 (1.007-1.059) 0.011 1.029 (1.001-1.058) 0.040
Hypertension 2.016 (1.342-3.027) 0.001 1.932(1.275-2.929) 0.002
Dyslipidemia 0.795 (0.541-1.169) 0.244 0.818 (0.554-1.206) 0.310
Overweight/Obesity 1.128 (0.766-1.661) 0.543 1.151 (0.780-1.700) 0.429
CVD 1.470 (0.958-2.256) 0.078 1.360 (0.865-2.138) 0.183
PAD 1.676 (0.885-3.303) 0.136 1.605 (0.810-3.179) 0.175
Anemia 1.790 (1.160-2.763) 0.009 1.696 (1.089-2.639) 0.019

CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval; HbAlc, glycated hemoglobin; CVD, cardiovascular disease; PAD, pe-

ripheral arterial disease.
*0dds ratio and P value after adjustment for age and gender.

100
95
90
85
80
75
70
65
60
55
50
45

40IIIIIIIIIIII
1 2 3 4 5 6 7 8 9 10 11 12

Grade of urine ACR

eGFR (mL/min/1.73 m?)

Fig. 2. Polynominal regression and curve fitting of estimated
glomerular filtration rate (eGFR) across the grade of urinary
albumin-to-creatinine ratio (ACR). ACR was stratified into 12
grades: grade 1, <5 mg/g; grade 2, 5 to 9 mg/g; grade 3, 10 to
14 mg/g; grade 4, 15 to 19 mg/g; grade 5, 20 to 24 mg/g; grade
6, 25 to 29 mg/g; grade 7, 30 to 59 mg/g; grade 8, 60 to 89 mg/
g grade 9, 90 to 149 mg/g; grade 10, 150 to 299 mg/g; grade
11, 300 to 499 mg/g; and grade 12, 2500 mg/g.

tion of eGFR and the increment of urinary ACR was estab-
lished (*=0.978, P<0.001). In subjects with the ACR ranging
from grade 1 to grade 7, the levels of eGFR decreased slowly
and steadily and maintained more than 90 mL/min/1.73 m*
However, from grade 9 of ACR (approximately equivalent to
urinary ACR more than 90 mg/g), the levels of eGFR decreased
rapidly and were all lower than 90 mL/min/1.73 m*.
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DISCUSSION

In this study involving 1,521 Chinese type 2 diabetic patients,
47.1% patients had an eGFR less than 90 mL/min/1.73 m’ and
28.9% had albuminuria. The frequency of CKD was 31.0%, of
which 6.5% had renal insufficiency. Our result is in keeping
with the result of Shanghai Diabetic Complications Study in
which 29.6% Shanghai Chinese diabetic patients had CKD and
26.2% had albuminuria [23]. Kong et al. [24] also reported
that 15.6% Hong Kong Chinese type 2 diabetic patients had
CKD. A community-based study of CKD among type 2 dia-
betic Chinese patients in Taiwan showed the prevalence of
CKD was 38.0% [25]. However, Lu et al. [26] reported the
prevalence of CKD was as high as 63.9% in downtown Shang-
hai, China. The marked variation in the prevalence of CKD
might be due to the difference in study cohort characteristics
and difference in GFR evaluation methods [25,26], while some
studies did not include albuminuria in the evaluation [24].
Nevertheless, all the above studies suggested that CKD was
common in Chinese population with type 2 diabetes.
Hypertension is a well recognized risk factor for diabetic
patients to develop CKD. From the result of our study, hyper-
tension is a prevalent condition in diabetic patients, particu-
larly those with CKD. Up to 66.5% and 81.8% diabetic patients
with CKD stage 1 to 2 and stage 3 to 4, respectively, have hy-
pertension. Moreover, hypertension imposes the strongest risk,
when compared to other risk factors identified, associated with
CKD. United Kingdom Prospective Diabetes Study (UKPDS)
has demonstrated that every 10 mm Hg reduction in systolic
BP was associated with a 13% reduction in the risk of micro-
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vascular complications [27]. Our result supports that BP con-
trol is of crucial importance in diabetes management.

Duration of diabetes was the other risk factor associated
with CKD. On the other hand, as an indicator of the average
level of glucose, HbAlc was not associated with CKD in the
present study. UKPDS study indicated a reduction of 1% in
HbA1lc was associated with a 37% decrease in microvascular
endpoints [28]. However, in the glucose control and vascular
complications in veterans with type 2 diabetes (VADT) study,
patients in the intensive arm after a mean follow-up of 5.6 years
did not show any benefit regarding changing serum creatinine
or GFR values and only a minor effect on albuminuria levels
was observed [29]. The same was observed in the intensive
blood glucose control and vascular outcomes in patients with
type 2 diabetes (ADVANCE) trial [30]. The group in the in-
tensive arm after an average follow-up of 5 years only showed
a minimal reduction in the number of cases with new-onset
microalbuminuria compared to the standard therapy group
(23.7% vs. 25.7%) and no effect was observed in the serum
creatinine values [30]. The patients in VADT and ADVANCE
study had an longer duration of diabetes (11.5 years and 8.0
years, respectively) compared to those in UKPDS study, in
which all patients were newly diagnosed diabetes. This may be
one of the major reasons causing the different results among
these three studies and also demonstrated the importance of
duration of diabetes in the incidence of CKD. In addition, the
10-year follow-up of the UKPDS study has shown that the ef-
fects of intensive glucose therapy on diabetes complications
could be seen many years later [31]. Therefore, in order to pre-
vent or delay progression of kidney disease in diabetes, earlier
intervention in the disease course seemed to be far more im-
portant.

Anemia is common among those with diabetes. Ahmed et
al. [32] reported in a large multiethnic cohort study with 65,696
diabetic patients that the prevalence of anemia was 28.0% in
Asians and 33.6% in Whites. In our study, 24.7% subjects with
type 2 diabetes had anemia. The patients with renal insuffi-
ciency had the lowest level of hemoglobin, and almost 60% of
these subjects had anemia. It has been reported that anemia
may contribute to the progression of kidney disease in diabe-
tes [33]. A more recent study indicated that anemia was the
risk factor for both renal prognosis and survival in patients
with diabetes [34]. Our study also showed anemia being an in-
dependent associated factor with CKD in type 2 diabetic pa-
tients. Anemia in diabetic patients with CKD may mainly re-
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sult from iron and erythropoietin deficiencies and hypo-re-
sponsiveness to the actions of erythropoietin [35]. In addition,
renin-angiotensin system (RAS) inhibitors could cause a re-
versible decrease in hemoglobin concentration in patients with
diabetes and CKD. Mohanram et al. [36] reported that long-
term administration of losartan in a dose of 50 to 100 mg once
daily in patients with type 2 diabetes was expected to have low-
er hemoglobin by about 10 g/L. In the present study, although
more angiotensin converting enzyme inhibitors/angiotensin
receptor blockers were prescribed in patients with anemia as
compared those without anemia (data not shown), whether it
is one of the reasons of anemia is worth exploring in the future.

Assessment of the association between GFR and urinary al-
bumin excretion was scarcely reported in Chinese type 2 dia-
betic patients. In this study, we found that in subjects with a
urinary ACR less than 90 mg/g, the average level of eGFR
maintained relatively steadily but decreased rapidly in those
with an urinary ACR more than 90 mg/g. This finding sug-
gested that when patients presented with urinary ACR more
than 90 mg/g, their kidney function might deteriorate very
rapidly in the future. This finding was similar to that reported
by Jia et al. [23] about patients with urinary ACR of around
100 mg/g, and that study used the same GFR estimating for-
mula as ours. However, increases in AER and decreased GFR
do not always occur in parallel. A substantial proportion of
normoalbuminuria may present with a reduced GFR in dia-
betic patients [7,8]. Using eGFR alone as a screening test for
CKD in diabetes is inadequate. Many patients with diabetes
and CKD may have elevated or high normal GFRs, particular-
ly in the early years after diagnosis. Therefore markers of kid-
ney damage are required to detect early stages of CKD while
eGFR alone may be able to detect CKD only at a later stage
such as stage 3 or above [37]. Our study also showed that even
in patients with renal insufficiency, 32.3% subjects presented
with normoalbuminuria. These results suggested albuminuria
could imply, but not necessarily confirm, the onset of a decline
in GFR. Therefore, both parameters (GFR and urinary albu-
min) should be measured in assessing the severity of CKD in
diabetes patients.

There were several limitations in our study. Firstly, our study
is a cross-sectional study that precluded the exploration of a
causal relationship between risk factors and the development
of CKD. Secondly, we used MDRD to estimate GFR rather
than the measurement GFR using iothalamate clearance to
determine kidney function. However, a number of studies
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have demonstrated that eGFR is a reliable and commonly used
method to assess kidney function [11-13]. Thirdly, the urinary
ACR was checked only once. Because of potential variability
in the UAE, ideally 3 specimens being collected within a 3 to 6
month period was recommended. Fourthly, when analyzing
the association between eGFR and albuminuria, we had not
taken into account the potential influence on the use of anti-
hypertensive and/or lipid modifying agents, such as RAS in-
hibitors and statins [38,39]. Finally, since all our subjects were
recruited from urban area, the study data may or may not be
applicable to other diabetic patients in mainland China, not to
mention the generalizability of our results to other populations
that need to be interpreted with caution. Interestingly, Xu et al.
[40] recently reported that among Chinese type 2 diabetic pa-
tients living in rural area, the rate of kidney diseases (including
albuminuria) was 41.3%, which is similar if not even more
prevalent than our figure being derived from urban area.

In conclusion, our study demonstrated that CKD and albu-
minuria were highly prevalent in the Chinese population with
type 2 diabetes. Hypertension, duration of diabetes and ane-
mia were the main risk factors associated with CKD. Screen-
ing programs using a combination of eGFR and the urinary
ACR are necessary, especially among those diabetic patients at
the middle or late phase of CKD, while urinary ACR only can
be accepted for early cases with short history of disease. Strate-
gies to prevent or delay progression of kidney disease in diabe-
tes should be carried out at the early stages of CKD.
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