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the cut-off values of estimated
glomerular filtration rate and
urinary albumin-to-creatinine
ratio for diabetic kidney disease:
A multi-center, prospective
cohort study
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Jie Xu1, Juhong Yang1*, Chunyan Shan1* and Baocheng Chang1*

1NHC Key Laboratory of Hormones and Development, Tianjin Key Laboratory of Metabolic
Diseases, Chu Hsien-I Memorial Hospital & Tianjin Institute of Endocrinology, Tianjin Medical
University, Tianjin, China, 2Department of Epidemiology and Biostatistics, School of Public Health,
Tianjin Medical University, Tianjin, China, 3Department of Geriatrics, The Second Hospital of Tianjin
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Objective: We aimed to study the cut-off values of estimated glomerular

filtration rate (eGFR) and the urinary albumin creatinine ratio (UACR) in the

normal range for diabetic kidney disease (DKD).

Methods: In this study, we conducted a retrospective, observational cohort

study included 374 type 2 diabetic patients who had baseline eGFR ≥60 mL/

min/1.73 m2 and UACR <30 mg/g with up to 6 years of follow-up. The results

were further validated in a multi-center, prospective cohort study.

Results: In the development cohort, baseline eGFR (AUC: 0.90, cut-off value:

84.8 mL/min/1.73 m2, sensitivity: 0.80, specificity: 0.85) or UACR (AUC: 0.74,

cut-off value: 15.5mg/g, sensitivity: 0.69, specificity: 0.63) was the most

effective single predictor for DKD. Moreover, compared with eGFR or UACR

alone, the prediction model consisted of all of the independent risk factors did

not improve the predictive performance (P >0.05). The discrimination of eGFR

at the cut-off value of 84.80 mL/min/1.73 m2 or UACR at 15.5mg/g with the

largest Youden’s index was further confirmed in the validation cohort. The
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decrease rate of eGFR was faster in patients with UACR ≥15.5mg/g (P <0.05).

Furthermore, the decrease rate of eGFR or increase rate of UACR and the

incidence and severity of cardiovascular disease (CVD) were higher in patients

with eGFR ≤84.8 mL/min/1.73 m2 or UACR ≥15.5mg/g (P <0.05).

Conclusions: In conclusion, eGFR ≤84.8mL/min/1.73 m2 or UACR ≥15.5mg/g

in the normal range may be an effective cut-off value for DKD andmay increase

the incidence and severity for CVD in type 2 diabetic patients.
KEYWORDS

diabetic kidney disease, estimated glomerular filtration rate, microalbuminuria,
cardiovascular disease, diabetic metabolism
1 Introduction

Diabetic kidney disease (DKD) is a major microvascular

complication of diabetes with high morbidity and mortality (1,

2), which are partly attributable to the lack of an early diagnosis

of DKD. Therefore, the diagnosis of DKD has been the main

focus of attention. Currently, an increasing number of studies

have been conducted to identify novel biomarkers, such as

protein, mRNA and microRNA, of early-stage renal injury (3,

4). However, owing to the low sensitivity and heterogeneous of

these biomarkers, they are still far from clinical application.

Thus, at present, eGFR and albuminuria are still used widely as

golden diagnostic markers of DKD (5, 6). It was reported that

low level of eGFR and high level of UACR in the normal range

are risk factors for DKD. Whereas, the predictive power and the

earlier cut-off value of the eGFR and UACR for DKD are

largely unknown.

The decreased eGFR is defined as an indicator of DKD (3).

The traditional view is that, after long-term exposure of

microalbuminuria, which, is followed by a decline in GFR that

ultimately leads to end-stage renal disease (7). However, in the

U.K. Prospective Diabetes Study (UKPDS), of the patients who

developed reduced eGFR, 61% did not have pre-existing

albuminuria and 39% never developed albuminuria during the

study (8). Thus, non-albuminuric renal impairment has become

the prevailing DKD phenotype in patients with type 2 diabetes

who have decreased eGFR (8–13). In The Kidney Disease:

Improving Global Outcomes (KDIGO) guideline, an eGFR

between 60 and 89 mL/min/1.73 m2 is considered to be a mild

decrease; however, in the absence of evidence of kidney damage,

neither of the GFR category G1 (≥90 mL/min/1.73 m2) nor and

G2 (60–89 mL/min/1.73 m2) fulfil the criteria for chronic kidney

disease (CKD) (14). Likewise, an eGFR <60 mL/min/1.73 m2 is
02
the diagnostic criteria for DKD in the absence of evidence of

kidney damage. However, in patients without evidence of kidney

damage, the effect of eGFR in the normal range, especially in the

range of 60-89 mL/min/1.73 m2 for predicting reduced eGFR

is unclear.

Besides eGFR, microalbuminuria is also defined as an indicator

of DKD. According to a prospective study with a follow-up period

of 10 years by Mogensen in 1986, microalbuminuria (MAU) ≥30

mg/24 h is believed to be an early diagnostic marker indicates the

optimal time for intervention (15, 16). However, even with positive

intervention, approximately one third of patients with

microalbuminuria will progress to macroalbuminuria, as reported

from the Multifactorial Intervention for Patients with Type 2

Diabetes Study (17). This pattern is observed because the

presence of microalbuminuria in patients with diabetes often

implies that the kidneys have undergone different degrees of

irreversible structural injuries. Furthermore, some studies have

indicated that increased baseline UACR, even within the normal

range, was a risk factor for DKD (18–21). According to research

findings, participants with diabetes and a UACR of 10-30 mg/g had

a 2.7-fold higher odds of developing albuminuria than those with

UACR <5 mg/g (20). In addition, the KDOQI recommended a

stratification of normal albuminuria to UACR <10 mg/g (optimal)

and 10 ≤UACR <30 mg/g (normal high limit) (14). But few studies

have been conducted to determine the predictive power and the

earlier cut-off value of UACR for predicting DKD.

Therefore, in this research, we aimed to study the predictive

power and determine earlier cut-off values of eGFR and UACR

in the normal range for predicting DKD, respectively, in patients

with type 2 diabetes. In addition, in order to study the effect of

the cut-off values we defined, we also studied the relationship

between eGFR and UACR, and the relationship between the cut-

off values and cardiovascular disease (CVD).
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2 Methods

2.1 Study population

Two independent patient cohorts were used.

2.1.1 Development cohort
This was a retrospective, observational cohort study. A total

of 2112 diabetic patients who were hospitalised at least twice in

Tianjin Medical University Chu Hsien-I Memorial Hospital

(baseline period from July 2012 to August 2017) were screened

for these inclusion criteria: eGFR >60 mL/min/1.73 m2 at

baseline and normoalbuminuria (UACR <30 mg/g), age ≥18

years and follow-up duration >12 months. Because other kidney

diseases may affect kidney function, induce albuminuria and

increase the chance of hospitalisation, we excluded patients with

a history of acute kidney injury, urinary calculi, chronic

glomerulonephritis, IgA nephropathy, lupus nephritis,

polycystic kidney disease, hypertensive nephropathy, gout-

associated nephropathy, urinary tract infection, renal tubular

injury, etc. After excluding 123 patients with type 1 diabetes, 621

patients with baseline eGFR <60 mL/min/1.73 m2 or UACR ≥30

mg/g, 227 patients with incomplete baseline data, 205 patients

who lacked the last eGFR/AER/UACR measurements, 224

patients with a follow-up duration <12 months, and 338

patients with acute diabetes-related complications or serious

infection, we included 374 patients with type 2 diabetes. A

flowchart outlining the selection of study participants is shown

in Figure 1A.

The outcomes were: (1) the occurrence of an eGFR

decrease <60 mL/min/1.73 m2 for 3 months caused by diabetes,

but without albuminuria at baseline and at the end of the follow-up;

(2) the occurrence of albuminuria, including microalbuminuria and

macroalbuminuria, defined as a UACR ≥30 mg/g for 3 months

caused by diabetes.
2.1.2 Validation cohort
A prospective cohort study was conducted in patients with type

2 diabetes to validate the cut-off value established in the

development cohort. Patients enrolled in the study were

randomly selected from three tertiary hospitals and prospectively

followed up from July 2013 to July 2018. All of the patients had an

eGFR ≥60 mL/min/1.73 m2 and UACR <30 mg/g at baseline.

The follow-up process for eGFR and UACR were as follows.

Patients included in this study were required to undergo bi-annual

re-examinations of their eGFR and UACR. Moreover, general

indicators including body weight, blood pressure, HbA1c and

medications were recorded at each follow-up visit.

The exit criteria was specified as: (1) use of nephrotoxic drugs

such as non-steroidal anti-inflammatory drugs during follow-up;

(2) acute and chronic glomerulonephritis, urinary calculi, IgA

nephropathy, lupus nephritis, polycystic kidney disease,
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hypertensive nephropathy, gout-associated nephropathy, urinary

tract infection, renal tubular injury, sepsis, severe pneumonia, acute

hepatitis, severe trauma, acute organ failure, tumour and any other

severe diseases during follow-up; (3) pregnancy or childbirth during

follow-up; and (4) death during follow-up. The flowchart is shown

in Figure 1B.

The study endpoint was the detection of an eGFR <60 mL/

min/1.73 m2 or UACR ≥30 mg/g during follow-up.
2.2 Data collection

Data on demographics and clinical measurements were

collected from the medical records including age, sex, BMI,

diabetes duration, blood pressure, and medication use. Direct

ophthalmoscopy for diagnosing diabetic retinopathy (DR) was

performed by an experienced ophthalmologist (no, 0; yes, 1). All

blood samples were drawn from the patients after 12-hour

overnight fasting. The routine investigations included serum

total cholesterol (TC), triglyceride (TG), HDL, LDL, creatinine

(SCr) and uric acid (SUA) that were measured using an AU5800

automatic biochemical analyser. HbA1c was measured using the

HLC-723G8 HbA1c analyser. The Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) formula (22) was used

to calculate the eGFR. The UACR was measured by

immunoturbidimetry. The first-void midstream urine samples

on two consecutive days were obtained to determine the level of

UACR, and the mean value was included for analysis. All

specimens were tested in the Department of Clinical

Biochemical Laboratory at Tianjin Medical University Chu

Hsien-I Memorial Hospital. CVD was diagnosed by coronary

angiography defined as one or more diseased epicardial vessels

with a diameter of more than 2 mm that had at least a 50%

diameter stenosis.
2.3 Ethics statement

This study was approved by the Institutional Review Board

of Tianjin Medical University Chu Hsien-I Memorial Hospital

and Tianjin Institute of Endocrinology. Informed consent was

obtained from all patients prior to study participation.
2.4 Statistical analyses

Quantitative data with normal and non-normal distribution are

expressed as the mean ± SD and the median (first quartile, third

quartile). Independent-sample t-test and nonparametric tests were

used to analyse between-group differences for data with normal and

non-normal distributions. All variables with a P-value <0.10 on

univariate analysis were included in the Cox multivariate regression

analysis to determine predictors and establish prediction models.
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The receiver operating characteristic (ROC) curve analysis (23) was

used to evaluate the discrimination of the predictors and the

prediction models. All sensitivity/specificity values were selected

from the cut-off value with the largest Youden’s index. The

calibration of the predictors was evaluated by the Hosmer–

Lemeshow (H-L) test and P >0.05 indicates excellent goodness-

of-fit. All of the above analyses were performed using SPSS software

(SPSS, version 22, Chicago, USA). MedCalc Statistical Software

(Medcalc, version 19, Ostend, Belgium) was used to compare the

predictive power of the models. All statistical tests were two-tailed,

and a P-value <0.05 was considered statistically significant.
Frontiers in Endocrinology 04
3 Results

3.1 Assessment of the cut-off value of
eGFR and UACR in predicting DKD in the
development cohort

During an average 3-year follow-up duration, 8.5% (32/374)

had reduced eGFR (<60 mL/min/1.73 m2), 19.8% (74/374) of the

patients had albuminuria, and 1.6% (6/374) had both reduced

eGFR and albuminuria.
A

B

FIGURE 1

The flowcharts outlining selection of cohorts. (A) The flowchart outlining selection of the development cohort. (B) The flowchart outlining
selection of the validation cohort.
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3.1.1 eGFR ≤84.8 mL/min/1.73 m2 was an
earlier predictive cut-off value for DKD

During the average 3-year follow-up duration, 7% (26/368)

of patients had reduced eGFR (eGFR <60 mL/min/1.73 m2)

without albuminuria at baseline and at the end of the follow-up.

No significant differences in the follow-up time, BMI, blood

pressure, HbA1c, serum lipid, UACR and medications were

observed between the patients with or without reduced eGFR.

In patients with reduced eGFR, the age, sex, diabetes duration,

SCr, SUA, baseline eGFR and percentage of DR were statistically

different than those in patients without reduced eGFR (P <

0.05) (Table 1).

Univariate Cox regression analysis showed that age, sex,

diabetes duration, BMI, SBP, SUA, SCr, baseline eGFR and DR

had P-values <0.1. As age, sex and SCr were involved in calculating

eGFR, we only included the diabetes duration, BMI, SBP, SUA,

baseline eGFR and DR to the multivariable Cox regression analysis,

and the results indicated that the diabetes duration, SBP, baseline

eGFR and DR were independent risk factors (Table 2).

The predictive power of the risk factors and the prediction

model included all of the risk factors were evaluated. The AUC of

diabetes duration, SBP and DR in predicting a reduced eGFR was

0.68 (P=0.002), 0.59 (P=0.11) and 0.59 (P=0.12), respectively
Frontiers in Endocrinology 05
(Table 3). The baseline eGFR was the most effective independent

predictor for reduced eGFR, with great predictive power (AUC: 0.90,

cut-off value: 84.80, sensitivity: 0.80, specificity: 0.85) and goodness-

of-fit (P=0.98, Figure 2B). Furthermore, compared with baseline

eGFR alone, the prediction model established with all of the

independent risk factors including diabetes duration, SBP and DR

and eGFR did not improve the predictive performance (AUC 0.91,

P=0.381) (Figure 2A).

Furthermore, in order to estimate the optimal cut-off value, we

assessed the sensitivity, specificity and Youden Index of eGFR at

several cut-off values. In the results, 84.8 was selected as the optimal

cut-off value based on the maximum value of the Youden Index,

and the sensitivity and specificity were 0.80 and 0.85, respectively, at

84.8 mL/min/1.73 m2 of eGFR. Besides, the sensitivity, specificity

and Youden Index at different cut-off value are shown in Table 4.

Then it was divided into low-risk (eGFR >84.8 mL/min/1.73

m2) and high-risk (60 ≤ eGFR ≤ 84.8 mL/min/1.73 m2) groups. The

HR (95% CI) were 17.47 (6.00–50.81) in the high-risk group

(P<0.001, Figure 2C). The incidence of reduced eGFR in the low-

risk and high-risk groups were 1% (4/276) and 24% (22/92),

respectively (Figure 2D). The decrease rate of eGFR in the high-

risk group was significantly higher than in low-risk group

(P<0.05, Figure 2E).
TABLE 1 Baseline characteristics of patients with T2DM according to the eGFR greater than or less than 60 ml/min/1.73 m2 in development cohort.

Variables eGFR < 60 ml/min/1.73 m2 P value

No Yes

n 342 26

Follow-up (months) 34.97 ± 14.81 31.82 ± 17.38 0.301

Age (years) 54.29 ± 10.35 60.50 ± 9.79 0.003

Female (%) 162 (47.4) 2 (7.7) 0.000

Diabetes duration (years) 6 (3, 12) 15 (5, 20) 0.002

BMI (kg/m2) 26.53 ± 3.53 27.22 ± 4.58 0.345

SBP (mmHg) 130 (120, 140) 135 (127, 146) 0.094

DBP (mmHg) 80 (70, 85) 80 (70, 90) 0.455

HbA1c (%) 8.50 (7.30, 9.90) 9.15 (6.80, 10.10) 0.489

TG (mmol/L) 1.63 (1.11, 2.54) 1.78 (1.19, 2.40) 0.535

HDL-C (mmol/L) 1.20 (1.10, 1.40) 1.30 (1.08, 1.50) 0.775

TC (mmol/L) 5.02 ± 1.12 5.16 ± 0.89 0.557

LDL-C (mmol/L) 3.12 ± 0.90 3.15 ± 0.74 0.888

SCr (umol/L) 60.47 ± 11.51 76.65 ± 8.28 0.000

SUA (umol/L) 301.47 ± 78.77 352.62 ± 69.22 0.002

Baseline eGFR (ml/min/1.73 m2) 101.18 ± 17.07 74.85 ± 11.63 0.000

Baseline UACR
(mg/g)

14.58 (11.77, 18.25 14.38 (12.47, 19.35) 0.410

DR (n (%)) 84 (24.6) 11 (42.3) 0.040

Oral diabetic medications (n (%)) 338 (98.8) 26 (100) 0.538

Insulin (n (%)) 197 (57.6) 11(42.3) 0.157

ACEI/ARB (n (%)) 97 (28.4) 12 (46.2) 0.071

Statins (n (%)) 88 (25.7) 6 (23.1) 0.802
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3.1.2 UACR ≥15.5 mg/g was an earlier
predictive cut-off value for DKD

During an average 3-year follow-up duration, 19.8% (74/

374) of patients had albuminuria. Among them, 18.2% (68/374)

had microalbuminuria and 1.6% (6/374) had macroalbuminuria.

No significant differences in the follow-up time, age, sex,

diabetes duration, BMI, blood pressure, HbA1c, serum lipids,

SCr, SUA, eGFR, and medication use were observed between

patients with or without albuminuria. In patients with

albuminuria, the baseline UACR (median: 19.52, IQR: 14.53–

28.70) was significantly higher than that in patients without

albuminuria (median: 14.00; IQR: 11.50–17.50). The percentage

of DR patients with albuminuria (43.2%) was significantly higher

than that of patients without albuminuria (21.0%) (Table 5).

We further verified the risk factors for albuminuria.

Univariate analysis showed that the SBP, DBP, HbA1c, HDL-

C, SUA, and baseline UACR had P-values <0.1. In multivariable

Cox regression analysis, we determined that the HbA1c, HDL-C,

baseline UACR, and DR were independent risk factors (Table 6).

Furthermore, we evaluated the predictive power of the risk

factors and the prediction model included all of the independent
Frontiers in Endocrinology 06
risk factors. The AUC of HbA1c, HDL-C and DR were 0.56

(P=0.131), 0.45 (P=0.199) and 0.61 (P=0.003) for predicting

albuminuria (Table 7). Baseline UACR was the most effective

single predictor for predicting albuminuria (AUC: 0.74, cut-off

value: 15.5, sensitivity: 0.69, specificity: 0.63), and it had a

goodness-of-fit in predicting albuminuria (P=0.22, Figure 3B).

Moreover, compared with UACR alone, the prediction model

consisted of all of the independent risk factors including HbA1c,

HDL-C, DR, baseline UACR did not improve the predictive

performance (AUC 0.74, P=0.465, Figure 3A).

Furthermore, in order to estimate the optimal cut-off value, we

assessed the sensitivity, specificity and Youden Index of UACR at

several cut-off values. In the results, 15.5 was selected as the optimal

cut-off value based on the maximum value of the Youden Index,

and the sensitivity and specificity were 0.69 and 0.63, respectively.

Besides, the sensitivity, specificity and Youden Index at different

cut-off values are shown in Table 8.

Then it was divided into low-risk (UACR <15.5 mg/g) and

high-risk (15.5 < UACR ≤ 30 mg/g) groups based on the cut-off

value. The HR (95% CI) were 1.66 (1.31–2.10) (P<0.001) in the

high-risk group (Figure 3C). The incidence of albuminuria in the
TABLE 2 Univariate and multivariable Cox analysis for the risk factors of DKD.

Univariate COX analysis Multivariable Cox analysis

B HR 95% CI P value B HR 95% CI P value

Baseline eGFR (ml/min/1.73 m2) -0.100 0.905 0.876-0.934 0.000 -0.118 0.888 0.855-0.922 0.000

Diabetes duration (years) 0.107 1.113 1.055-1.173 0.000 0.063 1.065 1.006-1.128 0.030

SBP (mmHg) 0.021 1.021 0.999-1.045 0.066 0.035 1.035 1.008-1.063 0.011

DR 1.350 3.857 1.669-8.914 0.002 1.211 3.355 1.359-8.285 0.009

Age (years) 0.062 1.064 1.022-1.108 0.003

Gender -2.173 0.114 0.030-0.438 0.002

BMI (kg/m2) 0.098 1.103 1.005-1.210 0.040

DBP (mmHg) 0.028 1.028 0.990-1.067 0.153

HbA1c (%) 0.127 1.135 0.925-1.392 0.224

TG (mmol/L) -0.068 0.934 0.718-1.215 0.613

HDL-C (mmol/L) -0.803 0.448 0.115-1.751 0.248

TC (mmol/L) -0.001 0.999 0.690-1.446 0.996

LDL-C (mmol/L) -0.018 0.982 0.620-1.556 0.939

SUA (umol/L) 0.008 1.008 1.004-1.013 0.001

SCr (umol/L) 0.109 1.115 1.076-1.156 0.000

Baseline UACR (mg/g) 0.038 1.039 0.971-1.110 0.268
frontiersin.or
TABLE 3 The discriminative power of the predictors and the prediction model in prediting DKD.

Cut-off value of eGFR (mL/min/1.73 m2) Sensitivity Specificity Youden Index

95.0 0.90 0.65 0.55

90.0 0.85 0.74 0.59

84.8 0.80 0.85 0.65 (the largest)

80.0 0.65 0.88 0.53

75.0 0.55 0.93 0.48
g
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A B
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C

FIGURE 2

The performance of the baseline eGFR in predicting reduced eGFR in the development cohort. (A) Receiver operating characteristic curve for the
baseline eGFR and the prediction models. The area under the curve (AUC) and its 95% CI were 0.90 (0.85–0.96) for the baseline eGFR and 0.91 (0.87-
0.96) for the prediction model; The discriminative power of baseline eGFR vs prediction model (P=0.381). (B) Hosmer-Lemeshow (H-L) test for the
calibration of the baseline eGFR (P=0.87). (C) Kaplan-Meier curve of reduced eGFR end point for the low-risk (eGFR >84.8 mL/min/1.73 m2) and high-
risk (60 ≤ eGFR ≤ 84.8 mL/min/1.73 m2) groups stratified according to the cut-off value. The HR (95% CI) was 17.47 (6.00-50.81) (P<0.001) in the high-
risk group. (D) Prevalence of reduced eGFR in the low-risk (eGFR >84.8 mL/min/1.73 m2) and high-risk (60 ≤ eGFR ≤ 84.8 mL/min/1.73 m2) groups. (E):
The decrease rate of eGFR per year in the low-risk (eGFR >84.8 mL/min/1.73 m2) and high-risk (60 ≤ eGFR ≤ 84.8 mL/min/1.73 m2) groups. *P < 0.05.
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low-risk and high-risk groups were 10%(22/211) and 32% (52/163),

respectively (Figure 3D). The increase rate of UACR in the high-risk

group was significantly higher than in low-risk group

(P<0.05, Figure 3E).
3.2 Validation of the cut-off value of
eGFR ≤ 84.8 mL/min/1.73 m2 and
UACR ≥15.5 mg/g in predicting DKD

Of the 209 participants in this study, 181 patients were followed

up successfully for 36 (24–72) months; 24 patients (8.52%) exited

the follow-up, including 4 deaths from other diseases (3 cases of

cerebrovascular diseases, 1 case of malignant tumour), 1 pregnancy,
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2 cases of acute glomerulonephritis, 2 cases of sepsis, 3 cases of acute

organ failure, and 16 loss to follow-up. A flowchart outlining the

patient disposition in the study is shown in Figure 1B.

During an average follow-up duration of 3 years, 17.1% (31/181)

of patients had albuminuria, 13.8% (25/181) had reduced eGFR, and

2.2% (4/181) had both reduced eGFR and albuminuria.

3.2.1 Validation of the cut-off value of eGFR ≤

84.8 mL/min/1.73 m2 in predicting DKD and
the relationship between eGFR and
cardiovascular disease

After an average follow-up of 3 years, 11.9% (21/177) of

patients had reduced eGFR (eGFR <60 mL/min/1.73 m2)

without albuminuria at baseline and at the end of the follow-up.
TABLE 4 Sensitivity, specificity and youden index of the eGFR at different cut-off values.

AUC Cut-off value Sensitivity Specifity P value 95% CI

Diabetes duration (years) 0.68 / / / .002 0.56-0.81

SBP (mmHg) 0.59 / / / 0.11 0.49-0.70

DR 0.59 / / / 0.12 0.47-0.71

Baseline eGFR (ml/min/1.73 m2) 0.90 84.80 0.80 0.85 0.000 0.85-0.96

Prediction model* 0.91 / / / 0.000 0.86-0.96
front
*The prediction model for reduced eGFR consists of all of the independent risk factors including diabetes duration, SBP, DR, baseline eGFR. /, null term.
TABLE 5 Baseline characteristics of patients with T2DM according to the presence or absence of albuminuria in development cohort.

Variables Total Any albuminuria P value

No Yes

n 374 300 74

Follow-up (months) 35.22 ± 15.13 34.35 ± 14.81 36.42 ± 15.74 0.29

Age (years) 54.72 ± 10.42 54.66 ± 10.35 54.96 ± 10.77 0.83

Female (%) 170 (45.5) 135 (45) 29 (39) 0.58

Diabetes duration (years) 7 (3, 12) 7 (3, 13) 8 (3, 10) 0.78

BMI (kg/m2) 26.58 ± 3.61 26.66 ± 3.63 26.26 ± 3.56 0.39

SBP (mmHg) 130 (120, 140) 130 (120, 140) 130 (120, 140) 0.32

DBP (mmHg) 80 (70, 85) 80 (70, 85) 80 (70, 90) 0.84

HbA1c (%) 8.60 (7.30, 9.93) 8.50 (7.30, 9.80) 8.90 (7.35, 10.50) 0.131

TG (mmol/L) 1.63 (1.12, 2.53) 1.63 (1.10, 2.52) 1.66 (1.17, 2.77) 0.454

HDL-C (mmol/L) 1.20 (1.10, 1.40) 1.20 (1.10, 1.40) 1.20 (1.08, 1.40) 0.195

TC (mmol/L) 5.03 ± 1.10 5.01 ± 1.05 5.11 ± 1.34 0.548

LDL-C (mmol/L) 3.13 ± 0.89 3.09 ± 0.84 3.27 ± 1.05 0.111

SCr (umol/L) 61.59 ± 12.03 61.60 ± 12.13 61.56 ± 11.73 0.979

SUA (umol/L) 304.96 ± 79.13 301.51 ± 80.23 318.56 ± 73.61 0.098

Baseline eGFR (ml/min/1.73 m2) 99.35 ± 18.03 99.48 ± 18.24 98.85± 17.28 0.789

Baseline UACR (mg/g) 14.56 (11.86, 18.49) 14.00 (11.50, 17.50) 19.52 (14.53, 28.70) < 0.001

DR (n (%)) 95 (25.8) 63 (21.0) 32 (43.2) < 0.001

Oral diabetic medications (n (%)) 364 (98.9) 297 (99.0) 72 (97.3) 0.25

Insulin (n (%)) 208 (56.5) 163 (54.3) 45 (60.8) 0.32

ACEI/ARB (n (%)) 109 (29.6) 89 (29.7) 20 (27.0) 0.65

Statins (n (%)) 94 (25.5) 73 (24.3) 21 (28.4) 0.47
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The baseline characteristics are listed in Supplementary

Table 2. The AUC of the baseline eGFR was 0.85 (0.76-0.93)

in the validation cohort according to the predictive probability of

the development cohort. With a baseline eGFR of 84.8 mL/min/

1.73 m2, the sensitivity and specificity were 0.85 and 0.72,

respectively (Figure 4A). The predictor of baseline eGFR had a

goodness-of-fit (P=0.17, Figure 4B). Moreover, the HR (95% CI)

was 15.84 (4.04–24.00) (P<0.001) in the high-risk group

(Figure 4C). The incidence of reduced eGFR in the low-risk

and high-risk groups were 7% (11/159) and 39% (7/18),

respectively (Figure 4D). The increase rate of UACR in the

high-risk group was significantly higher than in low-risk group

(P<0.05, Figure 4E).

In the validation cohort, the incidence of CVD in the

high-risk group of eGFR (17.4%) was significantly higher

than in the low-risk group (7.4%) (Figure 5A, P<0.05). The

lesion vessel number was significantly higher in the high-risk

group of the eGFR than in the low-risk group (Figures 5C,

D, P<0.05).
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3.2.2 Validation of the cut-off value of
UACR ≥15.5 mg/g in predicting DKD and the
relationship between UACR and cardiovascular
disease

After an average 3-year follow-up duration, 17.1% of

patients had albuminuria. Among them, 15.5% (28/181) had

microalbuminuria and 1.7% (3/181) had macroalbuminuria.

The baseline characteristics are shown in Supplementary

Table 1. The AUC of the baseline UACR in the validation cohort

was 0.71 (0.58–0.84) according to the predictive probability of

the development cohort. At a UACR of 15.5 mg/g, the sensitivity

and specificity were 0.68 and 0.66, respectively (Figure 6A). The

predictor of baseline UACR had a goodness-of-fit (P=0.95,

Figure 6B). Furthermore, the HR (95% CI) was 2.78 (1.31–

9.28) (P=0.035) in the high-risk group (Figure 6C). The

incidence of albuminuria in the low-risk and high-risk groups

were 10% (10/103) and 27% (21/78), respectively (Figure 6D).

The increase rate of UACR in the high-risk group was

significantly higher than in low-risk group (P<0.05, Figure 56).
TABLE 6 Univariate and multivariable Cox analysis for the risk factors of DKD.

Univariate COX analysis Multivariable Cox analysis

B HR 95% CI P value B HR 95% CI P value

Baseline UACR (mg/g) 0.118 1.125 1.087-1.165 0.000 0.109 1.116 1.077-1.156 0.000

DR 1.635 5.128 3.064-8.584 0.000 1.302 3.677 2.167-6.238 0.000

HbA1c (%) 0.195 1.215 1.078-1.369 0.001 0.175 1.192 1.040-1.366 0.012

HDL-C (mmol/L) -1.399 0.247 0.103-0.593 0.002 -1.109 0.330 0.149-0.731 0.006

Age (years) 0.007 1.007 0.985-1.030 0.517

Gender -0.246 0.782 0.489-1.249 0.304

Diabetes duration (years) 0.007 1.007 0.970-1.046 0.705

TG (mmol/L) 0.065 1.067 0.984-1.158 0.115

BMI (kg/m2) 0.049 1.050 0.989-1.116 0.112

SBP (mmHg) 0.015 1.015 1.001-1.029 0.038

DBP (mmHg) 0.021 1.021 0.998-1.045 0.075

TC (mmol/L) -0.071 0.932 0.745-1.166 0.536

LDL-C (mmol/L) 0.143 1.154 0.888-1.500 0.284

SUA (umol/L) 0.003 1.003 1.000-1.005 0.083

SCr (umol/L) -0.005 0.995 0.976-1.014 0.601

Baseline eGFR (ml/min/1.73 m2) -0.001 0.999 0.986-1.012 0.889
front
TABLE 7 The discriminative power of the predictors and the prediction model in predicting DKD.

AUC Cut-off value Sensitivity Specificity P value 95% CI

HbA1c (%) 0.56 / / / 0.131 0.48-0.63

HDL-C (mmol/L) 0.45 / / / 0.199 0.38-0.53

DR 0.61 / / / 0.003 0.54-0.69

Baseline UACR (mg/g) 0.74 15.5 0.69 0.63 0.000 0.67-0.81

Prediction model* 0.74 / / / 0.000 0.68-0.81
*The prediction model for albuminuria consists of all of the independent risk factors including HbA1c, HDL-C, DR and baseline UACR. /, null term.
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FIGURE 3

The performance of the baseline UACR in predicting albuminuria in the development cohort. (A): Receiver operating characteristic curve for the
baseline UACR and the prediction models. The area under the curve (AUC) and its 95% CI were 0.74 (0.67–0.81) for the baseline UACR and 0.74
(0.68-0.81) for the prediction model. The discriminative power of baseline UACR vs the prediction model (P=0.465). (B): Hosmer-Lemeshow
(H-L) test for the calibration of the baseline UACR (P=0.22). (C): Kaplan-Meier curve of albuminuria end point for the low-risk (UACR < 15.5
mg/g) and high-risk groups (30 > UACR ≥ 15.5 mg/g) according to the cut-off value. The HR (95% CI) was 1.66 (1.31-2.10) (P < 0.001) in the
high-risk group. (D): Prevalence of albuminuria in the low-risk (UACR <15.5 mg/g) and high-risk (30 > UACR ≥ 15.5 mg/g) groups. (E): The
increase rate of UACR per year in the low-risk (UACR < 15.5 mg/g) and high-risk groups (30 > UACR ≥ 15.5 mg/g) according to the cut-off value.
*P < 0.05.
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In the validation cohort, the incidence of CVD in the high-

risk group of UACR (43.5%) was significantly higher than in the

low-risk group (25.7%) (Figure 5B, P<0.05). The lesion vessel

number was significantly higher in the high-risk group of the

UACR than in the low-risk group (Figure 5C, D, P<0.05).
3.3 The relationship between
eGFR and UACR

In the validation cohort, we further investigated the

relationship between eGFR and UACR at the cut-off value

metioned above. In the subgroup of eGFR ≤ 84.80 ml/min/

1.73 m2, the endpoint eGFR was lower and the decline rate of

eGFR was faster in the group of baseline UACR ≥ 15.5 mg/g than

in the group of baseline UACR < 15.5 mg/g. In the subgroup of

eGFR > 84.80 ml/min/1.73 m2, the eGFR and the decline rate of

eGFR was not statistically different between the two groups

(Table 9). Besides, the endpoint UACR had no significant

difference in patients with eGFR lower or higher than 84.80

ml/min/1.73 m2 (Supplementary Table 3).
4 Discussion

In this study, we identified that the eGFR and UACR in the

normal range had the most predictive power for predicting

DKD. The prediction models did not improve significantly by

addition of further variables. Furthermore, we defined that eGFR

at 84.8 mL/min/1.73 m2 or UACR at 15.5 mg/g with the largest

Youden’s index were an earlier cut-off value for DKD. Patients

with eGFR at 60–84.8 mL/min/1.73 m2 or UACR at 15.5-30 mg/

g were more likely to develop DKD than patients with

eGFR >84.8 mL/min/1.73 m2 or UACR <15.5 mg/g. Patients

who had eGFR ≤84.80 ml/min/1.73 m2 or UACR ≥15.5 mg/g

may had higher incidence and severity for CVD.

It was reported that eGFR and albuminuria were the most

important factors to predict onset and progression of early CKD

in individuals with type 2 diabetes, and inclusion of

demographic, clinical, and other laboratory predictors barely

improved predictive performance (24). Consistent with this

study, the results in our study indicated that baseline eGFR

was effective enough to predict DKD, and UACR was effective
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enough to predict DKD. In addition, adding other risk factors

into the predictive model will not substantially improve risk

prediction. This by no means negates the importance of the

other risk factors such as hyperglycemia (25–27) and

hyperlipidemia (28) as modifiable factors in the progression of

DKD, because ability to predict the progression of the disease

should not be equated with causality. On the contrary, it

provides the simplest and most effective way to predict DKD.

The eGFR is the most important indicator that reflects renal

function. Once the process of renal function decline begins, it

will irreversibly progress to end-stage renal disease. Recent

studies have shown that the decreased eGFR within the

normal range may be a risk factor for DKD (29, 30). However,

as the single predictor, the predictive performance of baseline

eGFR was unclear. In this study, all of the patients had normal

albuminuria at baseline, and in order to strictly exclude the

patients with pre-existing kidney damage, we excluded patients

with UACR ≥30 mg/g at the end of the follow-up. Our results

demonstrated that the baseline eGFR as a single predictor is

effective enough to identify patients at high risk for DKD with an

AUC of 0.91. Furthermore, we determined the optimal cut-off

value of eGFR at 84.8 mL/min/1.73 m2. In the validation cohort,

at the eGFR of 84.8 mL/min/1.73 m2, the sensitivity and

specificity were 85% and 72%, respectively. This added to the

evidence base that the eGFR cut-off value of 84.8 mL/min/1.73

m2 was effective enough to distinguish high-risk from low-risk

patients. Compared with participants in the low-risk group,

those in the high-risk group had a 15.84-fold increase in the

odds of DKD, and the decrease rate of eGFR was higher in

patients with eGFR ≤84.80 ml/min/1.73 m2 than in patients with

eGFR >84.80 ml/min/1.73 m2. Considering that eGFR is

strongly influenced by age, we divided our patients into four

groups according to quartiles: >61, 55-61, 48-55, or <48. We

found that in each group, the cut-off of 84.8 had very consistent

sensitivity and specificity. In addition, we included age in the

multivariate COX regression analysis, and found that the

inclusion of age either in the prediction model that included

all risk factors with statistical differences or in the models that

only included age and eGFR, could not improve the predictive

value of the model. All these results support that the cut-off value

is reliable across age. We also included gender into multivariable

Cox analysis, but no statistical difference was found. Therefore,

we believe that the cut-off value of eGFR at 84.8 mL/min/1.73 m2
TABLE 8 Sensitivity, specificity and youden index of the UACR at different cut-off values.

Cut-off value ofUACR (mg/g) Sensitivity Specificity Youden Index

5.0 1 0.02 0.02

10.0 0.93 0.16 0.09

15.5 0.69 0.63 0.32(the largest)

20.0 0.31 0.89 0.20

25.0 0.28 0.96 0.24
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can effectively predict the development of DKD. At the same

time, we calculated the difference in eGFR between the groups at

baseline and at the end of follow-up, and the results showed that

patients with eGFR ≤84.8 had a greater eGFR decline than those
Frontiers in Endocrinology 12
with eGFR >84.8 even after the correction of follow-up time.

These results suggest that patients with eGFR ≤ 84.8 have a faster

decline of renal function. Thus we conclude that in the absence

of albuminuria and other evidence of kidney damage, the
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FIGURE 4

The performance of the baseline eGFR in predicting reduced eGFR in the validation cohort. (A) Receiver operating characteristic curve of baseline
eGFR in predicting reduced eGFR. The area under the curve (AUC) and its 95%CI were 0.85(0.76-0.93). The sensitivity and specificity were 0.85 and
0.72, respectively, at 84.8 mL/min/1.73 m2 of eGFR. (B) Hosmer-Lemeshow (H-L) test for the calibration of the baseline eGFR(P=0.17). (C) Kaplan-
Meier curve of reduced eGFR end point for the low-risk (eGFR >84.8 mL/min/1.73 m2) and high-risk (60 ≤ eGFR ≤ 84.8 mL/min/1.73 m2) groups.
The HR (95% CI) was 15.84 (4.04-24.00) (P < 0.001) in the high-risk group. (D) Prevalence of reduced eGFR in the two risk groups. (E) The decrease
rate of eGFR per year in the low-risk (eGFR > 84.8 mL/min/1.73 m2) and high-risk (60 ≤ eGFR ≤ 84.8 mL/min/1.73 m2) groups. *P < 0.05.
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progressive decline in renal function may already exist in

patients with an eGFR of 60–84.8 mL/min/1.73 m2.

It is well known that hyperfiltration is one major feature of

early DKD. Besides, in a follow-up study of patients with diabetic

nephropathy, researchers at the Joslin Diabetes Center found
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that there was a progressive decline in eGFR before reaching the

stage of less than 60 (31). Therefore, both hyperfiltration and a

mild decrease in the normal range of eGFR may predict DKD.

They may exist in different periods before the onset of DKD. In a

meta-analysis including 23 studies, it was found that patients
A B
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FIGURE 5

The performance of the baseline UACR in predicting albuminuria and baseline eGFR in predicting reduced eGFR in the validation cohort. (A):
Receiver operating characteristic curve of baseline UACR in predicting albuminuria. The area under the curve (AUC) and its 95% CI were 0.71(0.58-
0.84). The sensitivity and specificity were 0.68 and 0.66, respectively, at 15.5mg/g of UACR. (B): Hosmer-Lemeshow (H-L) test for the calibration of
the baseline UACR (P=0.95). (C): Kaplan-Meier curve of albuminuria end point for the low-risk (UACR < 15.5 mg/g) and high-risk (30 > UACR ≥ 15.5
mg/g) groups. The HR (95% CI) was 2.78 (1.31-9.28) (P = 0.035) in the high-risk group. (D): Prevalence of albuminuria in the two risk groups. (E): The
increase rate of UACR per year in the low-risk (UACR < 15.5 mg/g) and high-risk groups (30 > UACR ≥ 15.5 mg/g) according to the cut-off value.
*P < 0.05.
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with hyperfiltration may need up to 10 years to develop DKD

(32); However, in our study, the average time for patients with

eGFR ≤84.80 ml/min/1.73 m2 to develop DKD is about 3 years.

Therefore, eGFR ≤84.80 ml/min/1.73 m2 may be a more recent

predictor of DKD compared with hyperfiltration. In addition, it

is currently believed that there is a considerable proportion of
Frontiers in Endocrinology 14
non-albuminuria DKD in patients with DKD. These patients do

not necessarily experience the classic Mogensen staging:

hyperfiltration phase, intermittent microalbuminuria,

persistent microalbuminuria phase, macroalbuminuria phase

and failure of kidney function, and they may develop directly

into the decline of renal function. Therefore, our study have
A

B
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FIGURE 6

The incidence and severity of CVD in the low-risk and high-risk groups. (A): The incidence and severity of CVD in the low-risk and high-risk groups
according to the cut-off value of the UACR (P < 0.05). (B): The incidence and severity of CVD in the low-risk and high-risk groups according to the
cut-off value of the eGFR (P < 0.05). (C): The severity of CVD in the low-risk and high-risk groups according to the cut-off value of the UACR (P <
0.05). (D): The severity of CVD in the low-risk and high-risk groups according to the cut-off value of the eGFR (P < 0.05). *P < 0.05.
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suggested that eGFR ≤84.80 ml/min/1.73 m2 may provide a new

clue for those who are at increased risk of developing non-

albuminuria DKD.

UACR is a widely used indicator for diagnosing early DKD

(33, 34). Previous studies have demonstrated that an increased

baseline UACR, even within the normal range, was a risk factor

for developing albuminuria (18–21). Participants with diabetes

and a UACR of 10-30 mg/g had a 2.7-fold higher odds of

developing albuminuria than those with UACR <5 mg/g (20). In

addition, the KDOQI recommended a stratification of normal

albuminuria to UACR <10 mg/g (optimal) and 10 ≤ UACR <30

mg/g (normal high limit) (14). Thus higher UACR in the normal

range is indeed a risk factor for DKD. In this study, we assessed

the predictive power of the baseline UACR and found that it was

the most effective single predictor for predicting DKD with an

AUC of 0.74. Furthermore, we determined that the optimal cut-

off value of UACR is 15.5 mg/g. In the validation cohort, at an

UACR cut-off value of 15.5 mg/g, the sensitivity and specificity

were 0.68 and 0.66, respectively. In addition, compared with

participants in the low-risk group, those in the high-risk groups

had 2.78 fold increases in the odds of DKD, and the increase rate

of UACR was higher in patients with UACR ≥15.5 mg/g than in

patients with UACR <15.5 mg/g. Therefore, UACR at 15.5 mg/g

may be a simple and effective cut-off value to distinguish high-

risk patients from other populations. The increase of UACR in

the normal range may reflect earlier abnormalities of glomerular

haemodynamics and permselectivity (19) or the reabsorption

dysfunction of the renal tubules (35). On the other hand,

albuminuria may not simply be an indicator of damage in the

glomerular filtration barrier, or as a predictor of DKD

progression, because albuminuria in itself can be toxic to the

kidney and affect pathological processes (36), such as causing

tubulointerstitial inflammation, oxidative stress, fibrosis and

tubular cell injury and death by activating a series of signalling

pathways in proximal tubular cells (37–39). Therefore, the early

prevention and treatment of UACR may prevent associated

tubular injury and delay the progression of albuminuria.

It has been reported that elevated ACR, even within the

normal range, is associated with a faster decline in eGFR in

diabetic patients (40). Consistent with the previously reported

literature, in this study, it was found that in the subgroup of the

baseline eGFR lower than 84.80ml/min/1.73 m2, the level of eGFR
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was lower and the decline rate of eGFR was faster in the patients

with UACR ≥15.5 mg/g than in patients with UACR <15.5 mg/g.

Thus we concluded that on the basis of eGFR at lower level in the

normal range, UACR ≥ 15.5 mg/g may effectively indicate faster

decline in eGFR.

The eGFR and UACR are independent predictors of

cardiovascular events in type 2 diabetes mellitus (41, 42).

Numerous studies have confirmed that renal function decline,

defined as eGFR <60 mL/min/1.73 m2, was independently

associated with an increased risk of cardiovascular events in

patients with diabetes (43–45). We found that the incidence and

severity of CVD in patients with eGFR of 60–84.8 mL/min/1.73

m2 was higher than in patients with eGFR >84.8 mL/min/1.73

m2, so we suggested that the range of 60-84.8 ml/min/1.73 m2 of

eGFR may already increase the risk for CVD. Albuminuria is

believed to reflect endothelial injury that extends from the

glomerulus to the arterial circulation at large, thus linking this

marker to both kidney disease and cardiovascular disease (CVD)

(46–50). A study showed that participants with UACR median

value of ≥3.9 mg/g for men, and ≥7.5 mg/g for women

experienced a nearly 3-fold higher risk of CVD than those

with UACR below the median (51). Consistent with this study,

we also found that the incidence and severity of CVD were

significantly higher in high-risk patients (UACR at 15.5-30 mg/

g) than in low-risk patients (UACR <15.5 mg/g). This adds to

the growing body of evidence that challenges the notion that

UACR <30 mg/g indicates “normal” albumin excretion.

We have several limitations. First, our samples size was not

large enough. To overcome this, we randomly selected patients

from three tertiary hospital in the validationn cohort. This may

enhance the effectiveness of the study. However, a more

comprehensive analysis of the relationship between eGFR

≤84.8 mL/min/1.73 m2 or UACR ≥15.5 mg/g and CVD are

needed. Secondly, we did not obtain the general data such as

blood biochemistry except UACR and eGFR after follow-up.

Our focus was to study the impact of the general data of the

baseline on the outcome in order to find the risk factors leading

to DKD. Therefore, we did not record the general data of the

patient at the end of follow-up except UACR and eGFR. In

addition, we believe that the general data at the end of follow-up

and the outcome events occur at the same time, therefore they

may have limited impact on our research results.
TABLE 9 The subgroup analysis of eGFR and eGFR decline rate in the normal and high-normal group of UACR according to the cut-off value of
15.5mg/g.

Baseline eGFR > 84.80 mL/min/1.73 m2 Baseline eGFR ≤ 84.80 mL/min/1.73 m2

Indicators Baseline ACR <15.5 Baseline ACR
≥ 15.5

P Baseline ACR
<15.5

Baseline ACR
≥ 15.5

P

Baseline eGFR 103.65 ± 16.93 99.80 ± 15.87 0.11 76.36 ± 7.65 75.38 ± 7.37 0.63

Endpoint eGFR 103.08 ± 16.88 99.91 ± 15.90 0.17 77.94 ± 17.10 69.45 ± 15.06 0.04

eGFR decline rate (per month) 0.13 (0.01, 0.33) 0.16 (0.02, 0.44) 0.15 -0.11 (-0.41, 0.13) 0.12 (-0.05, 0.41) 0.02
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In conclusion, eGFR ≤84.8 mL/min/1.73 m2 or UACR ≥15.5

mg/g in the normal range may be an effective cut-off value for

DKD. Paying attention to the decrease of eGFR and increase of

UACR within the normal range and providing early and

reasonable intervention may prevent or delay the development

of DKD. In addition, patients who had eGFR lower than or equal

to the cut-off value or UACR higher than or equal to the cut-off

value may had higher incidence and severity for CVD.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

This study was approved by the Institutional Review Board

of Tianjin Medical University Chu Hsien-I Memorial Hospital

and Tianjin Institute of Endocrinology. Informed consent was

obtained from all patients prior to study participation.
Author contributions

ZG and YZ performed the research, analyzed the data and

wrote the manuscript and they are co-first authors and

contributed equally to this study. XS, WJ, MS, JW, LL, HuZ,

YQ, SZ, YY, JX performed the research and acquired data. HoZ

contributed to statistical analyses. JY, CS and BC designed the

study and revised the manuscript, and they are co-

corresponding authors and contributed equally to this study,

and they take full responsibility for the work and approved the
Frontiers in Endocrinology 16
final version to be published. All authors contributed to the

article and approved the submitted version.

Funding

This work was supported by the National Natural Science

Foundation of China): 82074253, 82274299; Tianjin Key Medical

Discipline (Specialty) Construction Project (TJYXZDXK-032A).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.1064665/full#supplementary-material
References
1. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge
AW. Et al, IDF diabetes atlas: Global estimates of diabetes prevalence for 2017 and
projections for 2045. Diabetes Res Clin Pract (2018) 138:271–81. doi: 10.1016/
j.diabres.2018.02.023

2. Molitch ME, Adler AI, Flyvbjerg A, Nelson RG, So WY, Wanner C, et al.
Diabetic kidney disease: a clinical update from kidney disease: Improving global
outcomes. Kidney Int (2015) 87(1):20–30. doi: 10.1038/ki.2014.128

3. Colhoun HMMarcovecchio ML. Biomarkers of diabetic kidney disease.
Diabetologia (2018) 61(5):996–1011. doi: 10.1007/s00125-018-4567-5

4. Lin CH, Chang YCChuang LM. Early detection of diabetic kidney disease:
Present limitations and future perspectives.World J Diabetes (2016) 7(14):290–301.
doi: 10.4239/wjd.v7.i14.290

5. Hallan SI, Ritz E, Lydersen S, Romundstad S, Kvenild KOrth SR. Combining
GFR and albuminuria to classify CKD improves prediction of ESRD. J Am Soc
Nephrol (2009) 20(5):1069–77. doi: 10.1681/ASN.2008070730

6. Gansevoort RT, Matsushita K, van der Velde M, Astor BC, Woodward M,
Levey AS, et al. Lower estimated GFR and higher albuminuria are associated with
adverse kidney outcomes. a collaborative meta-analysis of general and high-risk
population cohorts. Kidney Int (2011) 80(1):93–104. doi: 10.1038/ki.2010.531

7. Williams ME. Diabetic nephropathy: the proteinuria hypothesis. Am J
Nephrol (2005) 25(2):77–94. doi: 10.1159/000084286

8. Penno G, Solini A, Orsi E, Bonora E, Fondelli C, Trevisan R, et al. Non-
albuminuric renal impairment is a strong predictor of mortality in individuals with
type 2 diabetes: the renal insufficiency and cardiovascular events (RIACE) Italian
multicentre study. Diabetologia (2018) 61(11):2277–89. doi: 10.1007/s00125-018-
4691-2

9. Williams ME. Diabetic chronic kidney disease: when the other shoe drops.
Med Clin North Am (2013) 97(1):xi–xii. doi: 10.1016/j.mcna.2012.11.005

10. Porrini E, Ruggenenti P, Mogensen CE, Barlovic DP, Praga M, Cruzado JM,
et al. Non-proteinuric pathways in loss of renal function in patients with type 2
diabetes. Lancet Diabetes Endocrinol (2015) 3(5):382–91. doi: 10.1016/S2213-8587
(15)00094-7

11. Kramer HJ, Nguyen QD, Curhan GHsu CY. Renal insufficiency in the
absence of albuminuria and retinopathy among adults with type 2 diabetes
mellitus. Jama (2003) 289(24):3273–7. doi: 10.1001/jama.289.24.3273

12. Retnakaran R, Cull CA, Thorne KI, Adler AIHolman RR. Risk factors for
renal dysfunction in type 2 diabetes: U.K. prospective diabetes study 74. Diabetes
(2006) 55(6):1832–9. doi: 10.2337/db05-1620

13. Perkins BA, Ficociello LH, Roshan B, Warram JHKrolewski AS. In patients
with type 1 diabetes and new-onset microalbuminuria the development of
advanced chronic kidney disease may not require progression to proteinuria.
Kidney Int (2010) 77(1):57–64. doi: 10.1038/ki.2009.399

14. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K. Et al,
the definition, classification, and prognosis of chronic kidney disease: a KDIGO
controversies conference report. Kidney Int (2011) 80(1):17–28. doi: 10.1038/
ki.2010.483
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.1064665/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1064665/full#supplementary-material
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1038/ki.2014.128
https://doi.org/10.1007/s00125-018-4567-5
https://doi.org/10.4239/wjd.v7.i14.290
https://doi.org/10.1681/ASN.2008070730
https://doi.org/10.1038/ki.2010.531
https://doi.org/10.1159/000084286
https://doi.org/10.1007/s00125-018-4691-2
https://doi.org/10.1007/s00125-018-4691-2
https://doi.org/10.1016/j.mcna.2012.11.005
https://doi.org/10.1016/S2213-8587(15)00094-7
https://doi.org/10.1016/S2213-8587(15)00094-7
https://doi.org/10.1001/jama.289.24.3273
https://doi.org/10.2337/db05-1620
https://doi.org/10.1038/ki.2009.399
https://doi.org/10.1038/ki.2010.483
https://doi.org/10.1038/ki.2010.483
https://doi.org/10.3389/fendo.2022.1064665
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Gao et al. 10.3389/fendo.2022.1064665
15. Viberti GC, Hill RD, Jarrett RJ, Argyropoulos A, Mahmud UKeen H.
Microalbuminuria as a predictor of clinical nephropathy in insulin-dependent
diabetes mellitus. Lancet (1982) 1(8287):1430–2. doi: 10.1016/S0140-6736(82)92450-3

16. Mogensen CE, Chachati A, Christensen CK, Close CF, Deckert T, Hommel
E, et al. Microalbuminuria: an early marker of renal involvement in diabetes.
Uremia Invest (1985) 9(2):85–95. doi: 10.3109/08860228509088195

17. Gaede P, Tarnow L, Vedel P, Parving HHPedersen O. Remission to
normoalbuminuria during multifactorial treatment preserves kidney function in
patients with type 2 diabetes and microalbuminuria. Nephrol Dial Transplant
(2004) 19(11):2784–8. doi: 10.1093/ndt/gfh470

18. Gall MA, Hougaard P, Borch-Johnsen KParving HH. Risk factors for
development of incipient and overt diabetic nephropathy in patients with non-
insulin dependent diabetes mellitus: prospective, observational study. Bmj (1997)
314(7083):783–8. doi: 10.1136/bmj.314.7083.783

19. Hovind P, Tarnow L, Rossing P, Jensen BR, Graae M, Torp I, et al.
Predictors for the development of microalbuminuria and macroalbuminuria in
patients with type 1 diabetes: inception cohort study. Bmj (2004) 328(7448):1105.
doi: 10.1136/bmj.38070.450891.FE

20. Xu J, Lee ET, Devereux RB, Umans JG, Bella JN, Shara NM, et al. A
longitudinal study of risk factors for incident albuminuria in diabetic American
indians: the strong heart study. Am J Kidney Dis (2008) 51(3):415–24. doi: 10.1053/
j.ajkd.2007.11.010

21. Tanaka S, Tanaka S, Iimuro S, Yamashita H, Katayama S, Akanuma Y, et al.
Predicting macro- and microvascular complications in type 2 diabetes: the Japan
diabetes complications study/the Japanese elderly diabetes intervention trial risk
engine. Diabetes Care (2013) 36(5):1193–9. doi: 10.2337/dc12-0958

22. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF3rd, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern Med (2009)
150(9):604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

23. Cook NR. Use and misuse of the receiver operating characteristic curve in
risk predict ion. Circulation (2007) 115(7) :928–35. doi : 10.1161/
CIRCULATIONAHA.106.672402

24. Dunkler D, Gao P, Lee SF, Heinze G, Clase CM, Tobe S, et al. Risk prediction
for early CKD in type 2 diabetes. Clin J Am Soc Nephrol (2015) 10(8):1371–9. doi:
10.2215/CJN.10321014

25. Ismail-Beigi F, Craven T, Banerji MA, Basile J, Calles J, Cohen RM, et al.
Effect of intensive treatment of hyperglycaemia on microvascular outcomes in type
2 diabetes: an analysis of the ACCORD randomised trial. Lancet (2010) 376
(9739):419–30. doi: 10.1016/S0140-6736(10)60576-4

26. Zoungas S, Chalmers J, Ninomiya T, Li Q, Cooper ME, Colagiuri S, et al.
Association of HbA1c levels with vascular complications and death in patients with
type 2 diabetes: evidence of glycaemic thresholds. Diabetologia (2012) 55(3):636–
43. doi: 10.1007/s00125-011-2404-1

27. Forsblom CM, Groop PH, Ekstrand A, Tötterman KJ, Sane T, Saloranta C,
et al. Predictors of progression from normoalbuminuria to microalbuminuria in
NIDDM. Diabetes Care (1998) 21(11):1932–8. doi: 10.2337/diacare.21.11.1932

28. Russo GT, De Cosmo S, Viazzi F, Pacilli A, Ceriello A, Genovese S, et al.
Plasma triglycerides and HDL-c levels predict the development of diabetic kidney
disease in subjects with type 2 diabetes: The AMD annals initiative. Diabetes Care
(2016) 39(12):2278–87. doi: 10.2337/dc16-1246

29. Takagi M, Babazono TUchigata Y. Differences in risk factors for the onset of
albuminuria and decrease in glomerular filtration rate in people with type 2
diabetes mellitus: implications for the pathogenesis of diabetic kidney disease.
Diabetes Med (2015) 32(10):1354–60. doi: 10.1111/dme.12793

30. Low S, Tai ES, Yeoh LY, Liu YL, Liu JJ, Tan KH, et al. Onset and progression
of kidney disease in type 2 diabetes among multi-ethnic Asian population. J
Diabetes Complications (2016) 30(7):1248–54. doi: 10.1016/j.jdiacomp.2016.05.020

31. Krolewski AS, Bonventre JV. High risk of ESRD in type 1 diabetes: new
strategies are needed to retard progressive renal function decline. Semin Nephrol
(2012) 32(5):407–14. doi: 10.1016/j.semnephrol.2012.07.002

32. Magee GM, Bilous RW, Cardwell CR, Hunter SJ, Kee F, Fogarty DG. Is
hyperfiltration associated with the future risk of developing diabetic nephropathy?
a meta-analysis. Diabetologia. (2009) 52(4):691–7. doi: 10.1007/s00125-009-1268-0

33. Warram JH, Gearin G, Laffel LKrolewski AS. Effect of duration of type I
diabetes on the prevalence of stages of diabetic nephropathy defined by urinary
albumin/creatinine ratio. J Am Soc Nephrol (1996) 7(6):930–7. doi: 10.1681/
ASN.V76930

34. KDOQI. Clinical practice guidelines and clinical practice recommendations
for diabetes and chronic kidney disease. Am J Kidney Dis (2007) 49(2 Suppl 2):S12–
154. doi: 10.1053/j.ajkd.2006.12.005

35. Chen Y, Zelnick LR, Wang K, Hoofnagle AN, Becker JO, Hsu CY, et al.
Kidney clearance of secretory solutes is associated with progression of CKD: The
CRIC study. J Am Soc Nephrol (2020) 31(4):817–27. doi: 10.1681/ASN.2019080811
Frontiers in Endocrinology 17
36. Remuzzi G, Benigni ARemuzzi A. Mechanisms of progression and
regression of renal lesions of chronic nephropathies and diabetes. J Clin Invest
(2006) 116(2):288–96. doi: 10.1172/JCI27699

37. Ohse T, Inagi R, Tanaka T, Ota T, Miyata T, Kojima I, et al. Albumin
induces endoplasmic reticulum stress and apoptosis in renal proximal tubular cells.
Kidney Int (2006) 70(8):1447–55. doi: 10.1038/sj.ki.5001704

38. Morigi M, Macconi D, Zoja C, Donadelli R, Buelli S, Zanchi C, et al. Protein
overload-induced NF-kappaB activation in proximal tubular cells requires H(2)O
(2) through a PKC-dependent pathway. J Am Soc Nephrol (2002) 13(5):1179–89.
doi: 10.1097/01.ASN.0000013304.48222.02

39. Li X, Pabla N, Wei Q, Dong G, Messing RO, Wang CY, et al. PKC-delta
promotes renal tubular cell apoptosis associated with proteinuria. J Am Soc Nephrol
(2010) 21(7):1115–24. doi: 10.1681/ASN.2009070760

40. Babazono T, Nyumura I, Toya K, Hayashi T, Ohta M, Suzuki K, et al. Higher
levels of urinary albumin excretion within the normal range predict faster decline
in glomerular filtration rate in diabetic patients. Diabetes Care (2009) 32(8):1518–
20. doi: 10.2337/dc08-2151

41. Ninomiya T, Perkovic V, de Galan BE, Zoungas S, Pillai A, Jardine M, et al.
Albuminuria and kidney function independently predict cardiovascular and renal
outcomes in diabetes. J Am Soc Nephrol (2009) 20(8):1813–21. doi: 10.1681/
ASN.2008121270

42. Drury PL, Ting R, Zannino D, Ehnholm C, Flack J, Whiting M, et al.
Estimated glomerular filtration rate and albuminuria are independent predictors of
cardiovascular events and death in type 2 diabetes mellitus: the fenofibrate
intervention and event lowering in diabetes (FIELD) study. Diabetologia (2011)
54(1):32–43. doi: 10.1007/s00125-010-1854-1

43. Freeman RV, Mehta RH, Al Badr W, Cooper JV, Kline-Rogers EEagle KA.
Influence of concurrent renal dysfunction on outcomes of patients with acute
coronary syndromes and implications of the use of glycoprotein IIb/IIIa inhibitors.
J Am Coll Cardiol (2003) 41(5):718–24. doi: 10.1016/S0735-1097(02)02956-X

44. Sørensen CR, Brendorp B, Rask-Madsen C, Køber L, Kjøller ETorp-
Pedersen C. The prognostic importance of creatinine clearance after acute
myocardial infarction. Eur Heart J (2002) 23(12):948–52. doi: 10.1053/
euhj.2001.2989

45. Nag S, Bilous R, Kelly W, Jones S, Roper NConnolly V. All-cause and
cardiovascular mortality in diabetic subjects increases significantly with reduced
estimated glomerular filtration rate (eGFR): 10 years' data from the south Tees
diabetes mortality study. Diabetes Med (2007) 24(1):10–7. doi: 10.1111/j.1464-
5491.2007.02023.x

46. Borch-Johnsen K, Feldt-Rasmussen B, Strandgaard S, Schroll MJensen JS.
Urinary albumin excretion. an independent predictor of ischemic heart disease.
Arterioscler Thromb Vasc Biol (1999) 19(8):1992–7. doi: 10.1161/01.ATV.19.8.1992

47. Yuyun MF, Khaw KT, Luben R, Welch A, Bingham S, Day NE, et al. A
prospective study of microalbuminuria and incident coronary heart disease and its
prognostic significance in a British population: the EPIC-Norfolk study. Am J
Epidemiol (2004) 159(3):284–93. doi: 10.1093/aje/kwh037

48. Hillege HL, Fidler V, Diercks GF, van Gilst WH, de Zeeuw D, van
Veldhuisen DJ, et al. Urinary albumin excretion predicts cardiovascular and
noncardiovascular mortality in general population. Circulation (2002) 106
(14):1777–82. doi: 10.1161/01.CIR.0000031732.78052.81

49. Romundstad S, Holmen J, Kvenild K, Hallan HEllekjaer H.
Microalbuminuria and all-cause mortality in 2,089 apparently healthy
individuals: a 4.4-year follow-up study. the nord-trøndelag health study
(HUNT), Norway. Am J Kidney Dis (2003) 42(3):466–73. doi: 10.1016/s0272-
6386(03)00742-x

50. Dinneen SF, Gerstein HC. The association of microalbuminuria and
mortality in non-insulin-dependent diabetes mellitus. a systematic overview of
the literature. Arch Intern Med (1997) 157(13):1413–8. doi: 10.1001/
archinte.1997.00440340025002

51. Arnlöv J, Evans JC, Meigs JB, Wang TJ, Fox CS, Levy D, et al. Low-grade
albuminuria and incidence of cardiovascular disease events in nonhypertensive and
nondiabetic individuals: the framingham heart study. Circulation (2005) 112
(7):969–75. doi: 10.1161/CIRCULATIONAHA.105.538132

COPYRIGHT

© 2022 Gao, Zhu, Sun, Zhu, Jiang, Sun, Wang, Liu, Zheng, Qin, Zhang,
Yang, Xu, Yang, Shan and Chang. This is an
open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply
with these terms.
frontiersin.org

https://doi.org/10.1016/S0140-6736(82)92450-3
https://doi.org/10.3109/08860228509088195
https://doi.org/10.1093/ndt/gfh470
https://doi.org/10.1136/bmj.314.7083.783
https://doi.org/10.1136/bmj.38070.450891.FE
https://doi.org/10.1053/j.ajkd.2007.11.010
https://doi.org/10.1053/j.ajkd.2007.11.010
https://doi.org/10.2337/dc12-0958
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1161/CIRCULATIONAHA.106.672402
https://doi.org/10.1161/CIRCULATIONAHA.106.672402
https://doi.org/10.2215/CJN.10321014
https://doi.org/10.1016/S0140-6736(10)60576-4
https://doi.org/10.1007/s00125-011-2404-1
https://doi.org/10.2337/diacare.21.11.1932
https://doi.org/10.2337/dc16-1246
https://doi.org/10.1111/dme.12793
https://doi.org/10.1016/j.jdiacomp.2016.05.020
https://doi.org/10.1016/j.semnephrol.2012.07.002
https://doi.org/10.1007/s00125-009-1268-0
https://doi.org/10.1681/ASN.V76930
https://doi.org/10.1681/ASN.V76930
https://doi.org/10.1053/j.ajkd.2006.12.005
https://doi.org/10.1681/ASN.2019080811
https://doi.org/10.1172/JCI27699
https://doi.org/10.1038/sj.ki.5001704
https://doi.org/10.1097/01.ASN.0000013304.48222.02
https://doi.org/10.1681/ASN.2009070760
https://doi.org/10.2337/dc08-2151
https://doi.org/10.1681/ASN.2008121270
https://doi.org/10.1681/ASN.2008121270
https://doi.org/10.1007/s00125-010-1854-1
https://doi.org/10.1016/S0735-1097(02)02956-X
https://doi.org/10.1053/euhj.2001.2989
https://doi.org/10.1053/euhj.2001.2989
https://doi.org/10.1111/j.1464-5491.2007.02023.x
https://doi.org/10.1111/j.1464-5491.2007.02023.x
https://doi.org/10.1161/01.ATV.19.8.1992
https://doi.org/10.1093/aje/kwh037
https://doi.org/10.1161/01.CIR.0000031732.78052.81
https://doi.org/10.1016/s0272-6386(03)00742-x
https://doi.org/10.1016/s0272-6386(03)00742-x
https://doi.org/10.1001/archinte.1997.00440340025002
https://doi.org/10.1001/archinte.1997.00440340025002
https://doi.org/10.1161/CIRCULATIONAHA.105.538132
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fendo.2022.1064665
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Establishment and validation of the cut-off values of estimated glomerular filtration rate and urinary albumin-to-creatinine ratio for diabetic kidney disease: A multi-center, prospective cohort study
	1 Introduction
	2 Methods
	2.1 Study population
	2.1.1 Development cohort
	2.1.2 Validation cohort

	2.2 Data collection
	2.3 Ethics statement
	2.4 Statistical analyses

	3 Results
	3.1 Assessment of the cut-off value of eGFR and UACR in predicting DKD in the development cohort
	3.1.1 eGFR &le;84.8 mL/min/1.73 m2 was an earlier predictive cut-off value for DKD
	3.1.2 UACR &ge;15.5 mg/g was an earlier predictive cut-off value for DKD

	3.2 Validation of the cut-off value of eGFR &le; 84.8 mL/min/1.73 m2 and UACR &ge;15.5 mg/g in predicting DKD
	3.2.1 Validation of the cut-off value of eGFR &le; 84.8 mL/min/1.73 m2 in predicting DKD and the relationship between eGFR and cardiovascular disease
	3.2.2 Validation of the cut-off value of UACR &ge;15.5 mg/g in predicting DKD and the relationship between UACR and cardiovascular disease

	3.3 The relationship between eGFR and UACR

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


