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Abstract: Renal clearance function and urinary albumin excretion are

important markers for diabetic nephropathy. We assessed whether the

creatinine clearance rate (CCR) and daily urinary albumin (DUA)

excretion, which both require 24-hour urine data, are better predictors

of mortality in diabetic inpatients compared with the estimated

glomerular filtration rate (eGFR) and urine albumin–creatinine ratio

(ACR).

We enrolled 1011 patients who were hospitalized due to poor

glucose control, and collected clinical information, including 24-hour

urine data, from their medical records. We determined the mortality rate

after discharge by examining the national registry data in Taiwan.

The subjects had a median follow-up of 6.5 years (interquartile

range between 3.5 and 9.6 years). Subjects with a CCR< 60 mL/min

and a DUA� 300 mg/d had the highest mortality rate, with a

hazard ratio of 3.373 (95% confidence interval¼ 2.469–4.609),

compared with the mortality rate in subjects with a CCR� 60 mL/

min and a DUA< 300 mg/d. In terms of predicting mortality in diabetic

inpatients, ACR had a similar sensitivity to DUA (40.3% versus

38.0%), but eGFR provided lower sensitivity than CCR (54.5% versus

66.5%).

Creatinine clearance rate and DUA have an additive effect on

predicting mortality in diabetic inpatients after discharge. Moreover,

CCR is a more sensitive predictor of mortality than eGFR. Therefore,

determining CCR using 24-hour urine data, as well as either ACR

or DUA, should provide better prediction of mortality in diabetic
D, PhD, and Shih-Yi Lin, MD, PhD

Abbreviations: ACE = angiotensin-converting enzyme, ACR =

albumin–creatinine ratio, ARB = angiotensin II receptor

antagonist, BMI = body mass index, CCR = creatinine clearance

rate, CKD = chronic kidney disease, DUA = daily urinary albumin

excretion, eGFR = estimated glomerular filtration rate, HbA1c =

glycated hemoglobin, HDL = high-density lipoprotein, HR =

hazard ratio, MDRD = Modification of Diet in Renal Disease.

INTRODUCTION

D iabetes mellitus is the leading cause of chronic kidney
disease (CKD), which is associated with a high mortality

rate and remains a global health burden.1–4 Although a decrease
in renal clearance function and an increase in urinary albumin
excretion have both been identified as important indicators
for diabetic nephropathy,5 accurate early predictors of
mortality for inpatients with diabetic nephropathy remain under
investigation.

To assess renal clearance function and the stage of CKD,
the creatinine clearance rate (CCR) is often used as a surrogate
marker; however, it requires collection of 24-hour urine, which
is inconvenient for clinical practice especially for outpatients.6

Therefore, several creatinine-based equations have been devel-
oped that only require spot urine data, including the estimated
glomerular filtration rate (eGFR) derived from the Modification
of Diet in Renal Disease (MDRD) equation.7–9 Indeed, the
eGFR is well associated with renal events and mortality, and has
become widely adopted in clinical practice. However, as there
is some disagreement between CCR and eGFR in inpatients,
CCR and eGFR should not be used interchangeably in clinical
practice.10

Daily urinary albumin (DUA) excretion is also used as
a predictive factor for renal events and mortality in diabetic
patients.11,12 However, as the DUA also requires 24-hour urine
data, the albumin to creatinine ratio (ACR), which is calculated
from the concentrations of albumin and creatinine in a spot
urine sample, is often used for outpatients. Indeed, the ACR has
been validated for estimating urine albumin excretion.6,9

It has been reported that albuminuria and low eGFR are
independent risk factors for all-cause mortality in diabetic
population.13–15 As diabetic patients have a high prevalence
of hospital admission,16 and it is practicable to collect the
24-hour urine data for diabetic patients when they are hospi-
talized, we were in an ideal position to examine the predictive
value of CCR and DUA. In the present study, we aimed to
examine whether 24-hour urine data (CCR and DUA) is more
informative in predicting mortality than using the estimated
CR) for diabetic nephropathy. Further-
mortality rate among different nephro-
on CCR and DUA in diabetic inpatients.
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METHODS

Patients
The cohort study comprised diabetic subjects who were

hospitalized in the Endocrinology and Metabolism ward in
Taichung Veterans General Hospital due to a primary diagnosis
of poor glucose control between August 1996 and August 2007.
The clinical data were obtained by reviewing medical records.
We also collected the 24-hour urine data, including urine
volume and concentrations of albumin and creatinine. We only
collected the record of the last admission with completed
24-hour urine data in the repeatedly hospitalized patients.
Hypertension was defined as the use of antihypertensive medi-
cations or blood pressure higher than 130/80 mm Hg. Mortality
data between August 1996 and December 2011 were obtained
from the Collaboration Center of Health Information Appli-
cation, Department of Health, Executive Yuan, Taiwan. Cardi-
ovascular disease was defined as coronary heart disease,
cerebrovascular disease or peripheral artery disease. The study

Lee et al
complies with the Declaration of Helsinki and the research
protocol was approved by the Institutional Review Board of
Taichung Veterans General Hospital.
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FIGURE 1. Flow diagram of enrolment of study subjects.
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Assessments
The biochemistry analyses were performed using blood

samples collected after overnight fasting, and urinary samples
were collected for 24 hours based on the standard procedure in
our ward. Briefly, the collection of urine sample was started
after first emptying the bladder at 7 AM in the morning, and the
collection was not finished until the bladder was emptied at 7 AM

the next morning. Serum creatinine was also detected during the
collection of urine. Serum concentrations of total cholesterol,
high-density lipoprotein cholesterol and, triglycerides were
determined using enzymatic methods (Advia 1800; Siemens,
New York, NY). Creatinine was determined using the
Jaffé method (Advia 1800; Siemens). Urinary albumin was
determined using the polyethylene glycol enhanced immuno-
turbidimetric method (Advia 1800; Siemens), and glycated
hemoglobin was determined by cation-exchange high perform-
ance liquid chromatography (NGSP certificated, G8, Tosoh,
Tokyo, Japan).

Creatinine clearance rate (mL/min) was determined from
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the following formula: (urine creatinine [mg/dL]� urine
volume [mL])/(serum creatinine [mg/dL]� 1440 [minutes]).
Daily urinary albumin (mg/d) was calculated by: urine albumin

ry
ntrol 

o 24 h urinary albumin or creatinine data 
=1073)
o serum creatinine data (n=83)
stolic blood pressure less than 80 mmHg or 
ily urinary excretion less than 300 ml (n=3)
eath in hospitalization (n=7)
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TABLE 1. The Clinical Data of All Enrolled Subjects

All Patients

Age, y 63 � 15
Male, n (%) 569 (56.3%)
Diabetic duration, y 9.6 � 7.9
Current smoking, n (%) 289 (28.6%)
BMI, kg/m2 23.9 � 4.2
HbA1c, % 10.3� 3.0
Creatinine clearance rate, mL/min
�60, n (%) 475 (47.0%)
30–59.9, n (%) 391 (38.7%)
<30, n (%) 145 (14.3%)

Daily urinary albumin excretion, mg/d
<30, n (%) 311 (30.8%)
30–299, n (%) 415 (41.0%)
�300, n (%) 285 (28.2%)

Antihypertensive agents
ACE inhibitor or ARB, n (%) 334 (33.0%)
a-blocker, n (%) 128 (12.7%)
b-blocker, n (%) 63 (6.2%)
Calcium channel blocker, n (%) 226 (22.4%)
Diuretics, n (%) 96 (9.5%)

Antihyperglycemic agents
Insulin secretagogues, n (%) 325 (32.1%)
Metformin, n (%) 213 (21.1%)
Thiazolidinediones, n (%) 12 (1.2%)
a-Glucosidase inhibitor, n (%) 11 (1.1%)
Insulin therapy, n (%) 523 (51.7%)
Statins, n (%) 95 (9.4%)

ACE¼ angiotensin-converting enzyme, ARB¼ angiotensin II recep-

Creatinine Clearance Rate for Predicting Death
concentration (mg/dL)� urine volume (mL)/100.5 The
eGFR (mL/min/1.73 m2) was calculated based on the MDRD
equation using the following formula: eGFR (mL/min/
1.73 m2)¼ 186� (serum creatinine [mg/dL])�1.154� (age
[year]) �0.203 (�0.742, if female).9 Albumin–creatinine ratio
was determined from the following formula: albumin (mg)/
creatinine (g). Chronic kidney disease was defined as
a CCR< 60 mL/d or an eGFR< 60 mL/min/1.73 m2; and
albuminuria was defined as a DUA� 300 mg/24 hours or
ACR� 300.5,9

Statistical Analysis
All descriptive data are presented as mean� standard

deviation. Independent t test was used to compare continuous
variables at baseline between 2 groups. x2 test was used to
compare categorical variables across groups. Receiver operat-
ing characteristic analysis was assessed for differentiating
mortality between CCR and eGFR or DUA and ACR. Corre-
lation coefficient was determined by Pearson correlation.
Agreement between CCR and eGFR or DUA and ACR were
assessed by the Bland–Altman plot analysis.17 Multivariate
linear regression analyses were used to assess the risk factors
for the patient with a higher eGFR than CCR. One-way analysis
of variance was used to compare among all groups, and pairwise
multiple comparisons were used to assess the differences
between 2 groups if analysis of variance revealed the statistical
significance. Univariate survival analysis was assessed by
Kaplan–Meier analysis, and the overall significance was
detected by the log-rank test. Multivariate Cox proportional
hazards regression analyses were used to determine mortality
according to CKD and albuminuria. Statistical analysis was
performed using SPSS 22.0 (IBM, Armonk, NY).

RESULTS
Among 2177 diabetic patients hospitalized due to poor

glucose control during the study period, we enrolled 1011
subjects for analyses, after excluding subjects with incomplete
urine data, a lack of serum creatinine, low blood pressure, a
urine volume less than 300 mL/d, and death in hospitalization.
There were 558 (55.2%) subjects who died during the 15 years
(median of 6.5 years, interquartile range between 3.5 and 9.6
years) of follow-up (Figure 1). The baseline characteristics of
the enrolled subjects are shown in Table 1.

There was a significantly positive correlation between
ACR and DUA (r¼ 0.722, P< 0.00001), and the mean of
differences between the values of ACR and DUA was 91.5
with 95% confidence interval (95% CI) for the bias ranging
from �5.2 and 188.3 in the Bland–Altman plot. Although the
correlation between eGFR and CCR was also significantly
positive (r¼ 0.705, P< 0.00001), the mean of differences
between the values of eGFR and CCR was 4.2 with 95% CI
for the bias ranging from 2.5 and 5.8.

Using ROC analyses for differentiating mortality based on
CCR, the area under the curve (AUC) was 0.694 (95%
CI¼ 0.662–0.727; Figure 2A). This was significantly greater
(P< 0.001) than the AUC obtained using eGFR (0.639, 95%
CI¼ 0.605–0.673). Using a CCR cutoff value of 60 mL/min
had a higher sensitivity (66.5%) for predicting mortality than
using eGFR (54.5%), in spite of a lower specificity (63.6%) than
using eGFR (67.5%). On the other hand, the AUC (0.657, 95%
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CI¼ 0.623–0.690) for differentiating mortality based on DUA
was similar to that (0.677, 95% CI¼ 0.644–0.710) obtained
using ACR (Figure 2B).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
To understand why the CCR and eGFR values were
different in the diabetic inpatients, we divided the subjects into
2 groups, a CCR< eGFR (n¼ 562) group and a CCR� eGFR
(n¼ 449) group, and evaluated their clinical characteristics. We
found that patients in the CCR< eGFR group were nonsmokers,
and showed female predominance, lower body mass index
(BMI), lower blood pressure, lower serum creatinine, lower
triglycerides, and higher high-density lipoprotein cholesterol
than those in the CCR� eGFR group (Table 2). Using multi-
variate linear regression analyses, we determined that female
gender, low BMI, low blood pressure, and low serum creatinine
contributed to the overestimation of renal function using the
MDRD eGFR formula. In particular, low BMI was an inde-
pendent factor for overestimating renal function by the eGFR
formula in both male and female patients (Table 3).

Based on CKD stage (CCR, mL/min) and albuminuria
(DUA, mg/d), we categorized all enrolled subjects into
4 groups: 381 subjects with CCR� 60 mL/min and
DUA< 300 mg/d, 94 subjects with CCR� 60 mL/min and
DUA� 300 mg/d, 345 subjects with CCR< 60 mL/min and
DUA< 300 mg/d, and 191 subjects with CCR< 60 mL/min
and DUA� 300 mg/d. The baseline clinical data for the patients
in these 4 groups are shown in Table 4. During follow-up, 133
(34.9%), 54 (57.4%), 213 (61.7%), and 158 (82.7%) subjects in

tor antagonist, BMI¼ body mass index, HbA1c¼ glycated hemoglobin.
each group died, respectively. The mortality rate was signifi-
cantly different (P [log-rank test]<0.00001) among the 4 groups
based on CCR and DUA (Figure 3). Using Cox regression

www.md-journal.com | 3
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analysis, the patients with a CCR< 60 mL/min and

FIGURE 2. Receiver operating characteristic analysis curves for d
estimated glomerular filtration rate; or (B) daily urinary albumin e
DUA� 300 mg/d had the highest hazard ratio (HR) for total
mortality compared with patients with a CCR� 60 mL/min and
DUA< 300 mg/d (HR¼ 3.373 [95% CI¼ 2.469–4.609,

TABLE 2. The Clinical Data of Subjects Grouped According to D
Rate, mL/min) and Estimated Glomerular Filtration Rate (mL/min

CCR< eGFR (n¼

Age, y 63� 16
Male, n (%) 289 (51.4%)
BMI, kg/m2 22.5� 4.0
Systolic blood pressure, mm Hg 130� 18
Diastolic blood pressure, mm Hg 75� 10
Diabetic duration, y 10.0� 8.0
Current smoking, n (%) 145 (25.8%)
White blood cell count, 106/L 8643� 3999
HbA1c, % 10.3� 3.1
Total cholesterol, mmol/L 4.8� 1.6
Triglyceride, mmol/L 1.8� 1.8
HDL cholesterol, mmol/L 1.04� 0.40
Serum creatinine, mmol/L 108� 68
Albumin creatinine ratio, mg/g 726.6� 2482.
Daily urinary albumin excretion, mg/d 446.1� 1026.
Hypertension, n (%) 395 (70.3%)
Antihypertensive agents, n (%) 263 (46.8%)
Antihyperglycemic agents, n (%) 203 (36.1%)
Statins, n (%) 56 (10.0%)

BMI¼ body mass index, HbA1c¼ glycated hemoglobin, HDL¼ high-de

4 | www.md-journal.com
P< 0.00001]; Table 5). Patients with a CCR< 60 mL/min

rentiating mortality based on (A) creatinine clearance rate and
etion and urine albumin creatinine ratio.
and DUA< 300 mg/d or with a CCR� 60 mL/min and
DUA� 300 mg/d also showed higher mortality rates compared
with the patients with a CCR� 60 mL/min and DUA< 300 mg/d

ifferences in Creatinine Clearance Rate (Creatinine Clearance
/1.73 m2)

562) CCR� eGFR (n¼ 449) P

62� 14 0.38314
280 (62.4%) 0.00063
25.5� 4.0 <0.00001
134� 16 0.00063
77� 10 0.00027
9.0� 7.8 0.06275

144 (32.1%) 0.03379
8243� 3834 0.16340
10.4� 2.7 0.63611
4.9� 1.5 0.18100
2.4� 2.7 0.00055

0.98� 0.33 0.01402
139� 112 <0.00001

9 631.7� 1838.7 0.49972
0 776.6� 2637.6 0.00655

354 (78.8%) 0.00259
235 (52.3%) 0.09145
170 (37.9%) 0.61397

39 (8.7%) 0.55939

nsity lipoprotein.
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(HR¼ 1.887 [95% CI¼ 1.428–2.494, P< 0.00001] and
HR¼ 1.677 [95% CI¼ 1.124–2.503, P< 0.01137; respect-
ively). Furthermore, the patients with a CCR< 60 mL/min and
DUA� 300 mg/d also had the highest HR for cardiovascular

Creatinine Clearance Rate for Predicting Death
mortality when compared with patients with a CCR� 60 mL/min

and DUA< 300 mg/d (HR¼ 4.174 [95% CI¼ 2.589–6.730,
P< 0.00001]; Table 6).

DISCUSSION
In the present study, we found a joint effect of albuminuria

and CKD on mortality in diabetic patients. That is, the risk of total
mortality was highest in diabetic inpatients with both CKD and
albuminuria. There was a high mortality rate in our cohort of
diabetic inpatients after discharge; more than 55% of patients
died during follow-up (median follow-up time of 6.5 years). As
the 1-year mortality rate in diabetic patients hospitalized for
hyperglycemia in the United States is reportedly around 17%,16

early awareness of diabetic nephropathy is important. Our results
are similar to previous studies that indicated that albuminuria is
significantly associated with mortality in all CKD stages,18–20

and that late CKD stages and albuminuria have an additive impact
on mortality in diabetic, as well as nondiabetic, subjects.21–23 To
the best of our knowledge, this is the first study showing that CCR
and DUA determined from a 24-hour urine collection in diabetic
inpatients are predictive of patient mortality.

It has been reported that albuminuria is not rare in the
diabetic population, especially in those of Asian origin.24 In the
present study, the proportion of subjects with albuminuria was
28% in inpatients with a mean diabetic duration of 9.6 years.
The prevalence of albuminuria was higher than the 12%, which
was reported in the Asian population who had had diabetes for a
mean duration of 7.1 years in the Developing Education on
Microalbuminuria for Awareness of Renal and Cardiovascular
Risk in Diabetes (DEMAND) study.24 The renal function
impairment might not reflect the presence of albuminuria.
Macisaac et al25 demonstrated that only 26% of diabetic patients
with CKD had macroalbuminuria (>200 mg/min). It is notable
that typical pathological findings of diabetic nephropathy and
rapid decline of renal function are seen with macroalbuminuria,
rather than normoalbuminuria (<20 mg/min), in diabetic
patients with CKD.26,27 Our findings support screening for both
albuminuria and the CKD stage in diabetic inpatients.

With regard to albuminuria, we found that DUA has a
similar predictive ability for patient mortality to ACR. There-
fore, as ACR is more convenient than DUA, which requires
24-hour urine collection, ACR remains a good indicator for
diabetic complications in clinical practice.5,6 On the other
hand, although the association between eGFR and mortality
has been well investigated,13 we found that determination of
CKD stage using CCR was more sensitive for predicting
mortality than eGFR calculated by the MDRD formula.
Furthermore, in diabetic inpatients, we identified low BMI,
female gender, low blood pressure, and low serum creatinine as
independent factors for a higher eGFR value compared with
CCR. In particular, we found that low BMI was the strongest
contributor to an overestimated renal function using MDRD
formula in both male and female diabetic inpatients. Similarly,
a previous study showed an overestimated prevalence of CKD
based on an MDRD calculated eGFR in an obese population.28

Since a low BMI may lead to an overestimation of eGFR, we

suggest using 24-hour urine collection for determination of
eGFR to prevent underestimation of CKD stage in diabetic
inpatients.
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TABLE 4. The Clinical Data of Subjects Grouped by Creatinine Clearance Rate (mg/mL) and Daily Urinary Albumin Excretion
(mg/d)

CCR� 60 and
DUA< 300
(n¼ 381)

CCR� 60 and
DUA� 300

(n¼ 94)

CCR< 60 and
DUA< 300
(n¼ 345)

CCR< 60 and
DUA� 300
(n¼ 191) P

Age, y 57� 16y,z 58� 14y,z 68� 13
�,# 67� 11

�,# <0.00001
Male, n (%) 220 (57.7%) 53 (56.4%) 190 (55.1%) 106 (55.5%) 0.90015
BMI, kg/m2 24.2� 4.2y 25.5� 5.0y 23.1� 4.2

�,# 24.0� 3.9 0.00023
Systolic blood pressure, mm Hg 128� 16#,z 137� 16

�,y 128� 18#,z 141� 16
�,y <0.00001

Diastolic blood pressure, mm Hg 76� 10#,y 81� 10
�,y 73� 10

�,#,z 78� 10y <0.00001
Diabetic duration, y 7.7� 7.0#,y,z 11.1� 8.5

�
9.9� 8.4

�,z 11.9� 7.6
�,y <0.00001

Current smoking, n (%) 115 (30.2%) 32 (34.0%) 88 (25.5%) 54 (28.3%) 0.32618
White blood cell count (106/L) 7734� 3496y,z 9107� 5975 8812� 3666

�
9148� 4140

�
0.00052

HbA1c, % 10.9� 2.9z 10.5� 2.5z 10.3� 3.2z 9.3� 2.6
�,#,y <0.00001

Total cholesterol, mmol/L 4.9� 1.4 5.4� 1.8y 4.6� 1.4#,z 5.2� 1.8y <0.00001
Triglyceride, mmol/L 2.1� 2.8 2.4� 2.6 1.9� 1.6 2.2� 1.9 0.18772
HDL cholesterol, mmol/L 1.1� 0.4z 1.0� 0.3 1.0� 0.4 0.9� 0.4

�
0.00173

Hypertension, n (%) 251 (65.9%)#,y,z 75 (79.8%)
�,z 252 (73.0%)

�
171 (89.5%)

�,# <0.00001
Antihypertensive agents, n (%) 144 (37.8%)y,z 45 (47.9%) 198 (57.4%)

�,z 111 (58.1%)
�,y <0.00001

ACE inhibitor or ARB, n (%) 103 (27.0%)#,y,z 39 (41.5%)
�

117 (33.9%)
�

75 (39.3%)
�

0.00530
a-Blocker, n (%) 42 (11.0%) 11 (11.7%) 50 (14.5%) 25 (13.1%) 0.55589
b-Blocker, n (%) 20 (5.2%) 6 (6.4%) 24 (7.0%) 13 (6.8%) 0.78891
Calcium channel blocker, n (%) 57 (15.0%)y,z 18 (19.1%)z 89 (25.8%)

�
62 (32.5%)

�,# 0.00001
Diuretics, n (%) 13 (3.4%)y,z 6 (6.4%)z 42 (12.2%)

�
35 (18.3%)

�,# <0.00001
Antihyperglycemic agents, n (%) 174 (45.7%)y,z 38 (40.4%)z 117 (33.9%)

�,z 44 (23.0%)
�,#,y <0.00001

Insulin secretagogues, n (%) 152 (39.9%)y,z 33 (35.1%)z 97 (28.1%)
�

43 (22.5%)
�,# 0.00008

Metformin, n (%) 108 (28.3%)y,z 26 (27.7%)y,z 56 (16.2%)
�,# 23 (12.0%)

�,# <0.00001
Thiazolidinediones, n (%) 8 (2.1%) 0 (0.0%) 4 (1.2%) 0 (0.0%) 0.10535
a-Glucosidase inhibitor, n (%) 4 (1.0%) 0 (0.0%) 7 (2.0%) 0 (0.0%) 0.11266
Insulin therapy, n (%) 259 (68.0%)#,y,z 49 (52.1%)

�,z 165 (47.8%)
�,z 50 (26.2%)

�,#,y <0.00001
Statins, n (%) 30 (7.9%) 10 (10.6%) 37 (10.7%) 18 (9.4%) 0.58863

The median (interquartile range) of CCR is 82.0 (69.9, 101.9), 81.7 (68.7, 116.2), 42.4 (32.3, 51.4), and 34.6 (26.1, 44.4); and DUA is 36 (15, 99),
793 (447, 1407), 48 (14, 119), and 1200 (543, 2437) in subjects in the CCR� 60 with DUA< 300 group, the CCR� 60 with DUA� 300 group, the
CCR< 60 with DUA< 300 group, and the CCR< 60 with DUA� 300 group, respectively.

ACE¼ angiotensin-converting enzyme, ARB¼ angiotensin II receptor antagonist, BMI¼ body mass index, HbA1c¼ glycated hemoglobin,
HDL¼ high-density lipoprotein.�

Significantly different from the CCR� 60 with DUA< 300 group.
# Significantly different from the CCR� 60 with DUA� 300 group.
y Significantly different from the CCR< 60 with DUA< 300 group.
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In addition to CKD and albuminuria, we found that a low
BMI was an independent factor for predicting mortality. The
obesity paradox has been reported in type 2 diabetic patients,
and showed a lower mortality rate in overweight subjects
compared with that in slimmer ones.29,30 In particular,
the subjects included in our study had a mean BMI of
23.9� 4.2 kg/m2, and only 16.5% of subjects had obesity
(�27 kg/m2). Therefore, the inverse association between BMI
and mortality rate may have been a consequence of the large
number of patients with a low or normal BMI. However, the
BMI does not accurately reflect the visceral fat component,
especially for diabetic inpatients. Indeed, the BMI may have
been underestimated in our patient cohort due to dehydration or
protein consumption during hyperglycemia, or overestimated
due to edema caused by albuminuria.

There are limitations in the present study. First, although

z Significantly different from the CCR< 60 with DUA� 300 group.
diabetic patients were hospitalized due to poor glucose control,
the underlying causes were varied. Second, while the 24-hour
urine collection was usually arranged when the patient was in a

6 | www.md-journal.com
stable condition during hospitalization, there might still be day-
to-day variation in the patient’s creatinine and albumin con-
centrations due to activity and/or dehydration. Indeed, hyper-
glycemia can be accompanied with dehydration or muscle
wasting, which could influence the CCR on a daily basis. In
this study, we did not eliminate the possibility of day-to-day
variation on CCR. On the other hand, even though urinary
albumin concentrations can vary with daily activity, previous
studies confirm that using a spot urine ACR is an accurate
marker of DUA, and their agreement should not be affected by
daily variations.31 Third, it has been suggested that urine
samples for determining the ACR should be collected early
in the morning.6,31 However, we calculated the ACR from the
mean concentration of albumin and creatinine in a 24-hour urine
sample. Therefore, our results showing no difference between
the DUA and ACR values (ie, a null hypothesis finding between

DUA and ACR in the Bland–Altman plot) might have occurred
because both values were determined from the same sample.
Fourth, we only selected the MDRD formula to estimate GFR,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 6. Effects of Creatinine Clearance Rate and Daily Urinary A

Hazard Ratio

Categories based on CCR (mL/min) and DUA (mg/d)
CCR� 60 and DUA< 300 1
CCR� 60 and DUA� 300 2.293
CCR< 60 and DUA< 300 2.660
CCR< 60 and DUA� 300 4.174

Age (10 y) 1.426
BMI, kg/m2 0.950
Male 1.204
Total cholesterol, mmol/L 0.954
Hypertension 0.991
HbA1c, % 1.013
Current smoking 0.862

Cardiovascular disease was defined as coronary heart disease, cerebrova
BMI¼ body mass index, CCR¼ creatinine clearance rate, CI¼ con

hemoglobin.

TABLE 5. Effects of Creatinine Clearance Rate and Daily Urinary

Hazard Ratio

Categories based on CCR (mL/min) and DUA (mg/d)
CCR� 60 and DUA< 300 1
CCR� 60 and DUA� 300 1.677
CCR< 60 and DUA< 300 1.887
CCR< 60 and DUA� 300 3.373

Age (10 y) 1.384
BMI, kg/m2 0.958
Male 1.275
Total cholesterol, mmol/L 0.942
Hypertension 1.140
HbA1c, % 1.010
Current smoking 0.987

BMI¼ body mass index, CCR¼ creatinine clearance rate, CI¼ confidence

FIGURE 3. Kaplan–Meier curves showing survival rates grouped
based on chronic kidney disease stage and albuminuria (ie, according
to creatinine clearance rates, creatinine clearance rate, in mL/min and
daily urine albumin excretion, daily urinary albumin, in mg/d).
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as suggested by the National Kidney Foundation-Kidney Dis-
ease Outcomes Quality Initiative (NKF-KDOQI) and broadly
applied in Taiwan (including the Taiwan National Data-
base).32,33 However, there are several other formulas to estimate
GFR, such as the Chronic Kidney Disease Epidemiology Col-
laboration (CDK-EPI) equation, that have been developed for
various patient conditions and may provide a more accurate
prediction of patient mortality.34,35 Moreover, our findings
might only apply to diabetic inpatients, and therefore, further
studies are required to confirm the impact of CCR and DUA on
predicting mortality in outpatients and the general population.

In conclusion, we found that diabetic nephropathy is an
important predictor for mortality in diabetic inpatients after
discharge, and albuminuria has an additive contribution on
mortality in diabetic inpatients with a lower CCR. Moreover,
DUA provides a similar predictive ability on mortality to ACR;
however, CCR is more sensitive in predicting mortality than
eGFR based on MDRA formula. Finally, we showed that low
BMI was associated with a higher eGFR value than CCR in the
same diabetic inpatient. Due to the high mortality rate of

Creatinine Clearance Rate for Predicting Death
diabetic inpatients after discharge, further investigation into
the contributing factors and preventive strategies for diabetic
nephropathy is warranted.

lbumin on Cardiovascular Mortality in Cox Regression Analysis

95% CI P

(1.282, 4.103) 0.00516
(1.752, 4.038) <0.00001
(2.589, 6.730) <0.00001
(1.234, 1.649) <0.00001
(0.912, 0.991) 0.01658
(0.839, 1.728) 0.31338
(0.854, 1.067) 0.41020
(0.673, 1.461) 0.96510
(0.956, 1.074) 0.66206
(0.587, 1.267) 0.44989

scular disease, or peripheral artery disease.
fidence interval, DUA¼ daily urinary albumin, HbA1c¼ glycated

Albumin on Total Mortality in Cox Regression Analysis

95% CI P

(1.124, 2.503) 0.01137
(1.428, 2.494) <0.00001
(2.469, 4.609) <0.00001
(1.255, 1.527) <0.00001
(0.930, 0.985) 0.00299
(0.988, 1.645) 0.06140
(0.871, 1.018) 0.13190
(0.862, 1.507) 0.35907
(0.970, 1.051) 0.63428
(0.762, 1.279) 0.92124

interval, DUA¼ daily urinary albumin, HbA1c¼ glycated hemoglobin.
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