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Abstract: The prognostic information about CKD progression,
particularly for GFR categories 1 and 2, is still limited. This cohort
was therefore conducted to determine the CKD progression using a
competing risk approach.
We conducted a retrospective cohort study linking community
health screening with hospitals and death registry data in a province
of Thailand, from 1997 to 2011. A competing risk model was applied by
treating death as a competing risk factor to estimate 2-, 5-, and 10-year
probability of kidney failure and median time for CKD progression from
lower to higher GFR category.
There were 17,074 non-diabetic and 15,032 diabetic CKD subjects.
Diabetic subjects progressed more rapidly through GFR categories with
the median times for CKD progression from GFR categories G1 to G2, G2
to G3a, G3a to G3b, G3b to G4, and G4 to G5 of 4.4, 6.1, 4.9, 6.3, and 9.0
years, respectively. Non-diabetic subjects took longer to progress with the
corresponding median time of 9.4, 14.0, 11.0, 13.8, and >14.3 years. After
adjusting for confounders, diabetic subjects were 49% (cause-specific
hazard ratio (cHR) ¼ 1.49, 95% CI: 1.37, 1.62) more likely to develop
kidney failure than non-diabetic subjects. Albuminuria categories A3 and
A2 were, respectively, 3.40 (95% CI: 3.07, 3.76) and 1.71 (95% CI: 1.53,
1.92) higher risk of kidney failure when compared to A1.
For each albumin category, death rate increased as albuminuria
increased particularly in diabetic subjects, which was approximately
2 times higher in A3 compared to A1. Considering GFR category, it
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gradually increased from G1 to G4 and sharply increased from G4 to
G5 in both non-diabetic and diabetic subjects.
This study has quantified CKD progression in an Asian population
within ordinary practice. Diabetic subjects progress through GFR and
albuminuria categories and reach kidney failure about twice as rapidly as
non-diabetic subjects.
(Medicine 94(4):e475)
Abbreviations: ACR = albumin-to-creatinine ratio, BMI = body
mass index, CBC = complete blood count, CIF = cumulative
incidence function, CKD = chronic kidney disease, cHR = causespecific hazard ratio, CI = confidence interval, FPG = fasting
plasma glucose, GFR = glomerular filtration rate, IDMS = isotope
dilution mass spectrometry, KM = Kaplan–Meier, KDIGO =
kidney disease: improving global outcomes, UA = urinary analysis,
UBPHO = Ubon Ratchathani Public Health Office.

INTRODUCTION

C

hronic kidney disease (CKD) is now recognized as one of
the leading causes of disease burden globally. The prevalence of CKD with glomerular filtration rate (GFR) categories
1 (G1) to 4 (G4) was 13.1% to 17.5% in the adult US and Thai
population, respectively.1,2 Although several previous community-based studies3–10 have assessed the prognosis of
CKD in general populations, none has yet estimated the time
for changing kidney function and the probability of kidney
failure or death according to each GFR category, particularly for
early stages of G1 and G2. Although some studies had large
overall sample sizes,4,7 most of them had relatively low numbers of subjects for each GFR category, lacked information on
progression through GFR categories,3,4,6 –10 had short follow-up
times,4–6,8 and were thus unable to assess the probability of
kidney failure or death. In addition, a high proportion of CKD
subjects died before reaching kidney failure, therefore estimating the rate of kidney failure occurrence without taking into
account death as a competing risk would yield biased results.11
We therefore conducted a large retrospective cohort study
considering death as a competing risk, which aimed to quantify
CKD progression starting forward from G1 to kidney failure,
separately in diabetic and non-diabetic patients.

METHODS
Setting and Participants
The design of this study was a retrospective cohort of CKD
subjects living in Ubon Ratchathani province, Thailand. Subjects were enrolled to our cohort since they were first diagnosed
as CKD. The province consists of 20 districts with a population
of 1.8 million. The Ubon Ratchathani Public Health Office
(UBPHO) has provided medical services under a universal
www.md-journal.com |
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Studied Variables and Measurements

coverage scheme launched by the Thai government since
2002. This scheme provides a health promotion service called
a ‘‘core package,’’ which includes annual screening for hypertension, diabetes, dyslipidemia, cardiovascular diseases
(CVDs), and includes core laboratory tests (ie, complete blood
count (CBC), fasting plasma glucose (FPG), lipid profile, blood
urea nitrogen (BUN), serum creatinine, and urine analysis
(UA)). The UBPHO computerized databases were retrieved
between 2002 and 2011 and then were merged with the
hospital databases from 20 district hospitals (covering 98%
of records for both out- and in-patients) from 1997 to 2011. The
2 databases were then linked to the Thailand death registry
using individuals’ unique personal identification numbers, see
Figure 1.
Subjects were eligible if they had the following criteria:
aged 18 years or older, had been diagnosed as having CKD at
the time of screening or later at follow up of diseases/conditions
identified at screening, and had at least 3 months of follow-up.
Those who had received maintenance dialysis and/or transplantation were excluded.

We used the current CKD nomenclature recommended by
the Kidney Disease: Improving Global Outcomes (KDIGO)
2012 guideline to classify CKD and its progression.12 CKD,
persistent abnormalities of kidney structure or function for
longer than 3 months, were classified based on cause, GFR,
and albuminuria category (CGA) as follows: cause included
diabetes and non-diabetes, GFR category consisted of normal or
high (90 ml/min/1.73 m2, G1), mildly decreased (60–89 ml/
min/1.73 m2, G2), mildly to moderately decreased (45–59 ml/
min/1.73 m2, G3a), moderately to severely decreased (30–
44 ml/min/1.73 m2, G3b), severely decreased (15–29 ml/min/
1.73 m2, G4), and kidney failure (<15 ml/min/1.73 m2, G5).
Albuminuria category was classified as normal to mild (albumin-to-creatinine ration (ACR) <30 mg/g, or protein reagent
strip negative to trace, A1), moderate (ACR 30–300 mg/g, or
protein reagent strip þ, A2), and severe (ACR >300 mg/g, or
protein reagent strip  þ þ, A3). GFR and albuminuria were

Hospital databases
(1997–2011)

Total adult poputation
N=1,297,262

UBPHO database
(2002–2011)

Age 18-39 years
N = 646,618

Age 40-59 years
N = 434,493

Age ≥ 60 years
N = 216,151

CKD screened
N = 51,384

CKD and CKD Progression

CKD screened
N = 87,662

CKD screened
N = 80,319

CKD selected based on KDIGO guideline 2012

CKD
N = 1,563

CKD
N = 10,692

CKD
N = 19,851

All CKDs
n = 32,106

Non-diabetic CKD
n = 17,074

Death registry database
(1997–2011)

Diabetic CKD
N = 15,032

FIGURE 1. Flow of cohort study and data retrieval.
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repeatedly assessed every 3–6 months depending on patients’
conditions. CKD progression was defined as a change of GFR
category with 25% or greater drop in e-GFR from baseline.
The serum creatinine was measured using the Modified
Jaffe method at each hospital’s laboratory unit. The automated
clinical analyzers used in district hospitals were ABX Pentra
4001, Cobas1, and Erba Mannheim1. The laboratory tests of
these hospitals were standardized and calibrated every 3 months
by the Department of Medical Science, Ministry of Public
Health, Thailand. The modified Jaffe method was then converted to the isotope dilution mass spectrometry (IDMS) equivalent using the calibration equation from the Thai SEEK study.2
The e-GFR was then calculated using the CKD-EPI equation.13
To avoid acute changes in creatinine due to intercurrent illness,
only out-patient determinations of serum creatinine and UA
were used. The UA was done using a urine dipstick for testing
urine protein (CYBOWTM, Gyung-Num, Republic of Korea)
and microscopic examinations. The result was reported as
negative, trace, or 1þ.

Epidemiological Study of Chronic Kidney Disease Progression

kidney failure (ie, interested event) and death (ie, competing
risk event) adjusting for baseline characteristics and co-morbidities, that is, sex, body mass index (BMI), hypertension, CVDs
and albuminuria category. Age was not included in the multivariate cause specific hazard model because it had already been
taken into account in the GFR estimation. In addition, the naı̈ve
Kaplan–Meier (KM) method was also applied to estimate the
probability of interested events without accounting for competing risk of death. All analyses were performed using STATA
version 13.0, and P-value less than 0.05 was taken as the
threshold for statistical significance.

Ethical Considerations
The study protocol was reviewed and approved by the
Ramathibodi Hospital Ethical Committee and the Ethical Committee of Ubon Ratchathani Public Health Office. Permissions
for obtaining and describing data were approved. The patient
records/information was anonymized and de-identified prior
to analysis.

Diabetes Mellitus
Diabetes was identified from the databases according to
the ICD10 code, which codes E10–E14. Diagnosis of diabetes
was made by physicians based on elevated fasting plasma
glucose (126 mg% on 2 consecutive occasions) along with
clinical presentations of diabetes. In addition, this diagnosis was
verified by the evidence of repeated determinations of fasting
plasma glucose or prescriptions of anti-diabetic medications.

All-Cause Mortality
All-cause mortality was retrieved from the Bureau of
Strategy and Statistics, Ministry of Public Health database from
January 01, 1997 to December 31, 2011. The data were validated by verifying with death certificate information from the
Ministry of the Interior. It is mandatory that all deaths are
registered in Thailand, so death registries were considered
complete and no loss to follow up was assumed.

Statistical Analysis
Among 32,106 eligible subjects, the data for body weight,
height, albuminuria at baseline were missing in 0.5%, 12.4%
and 25% of subjects, respectively. The missing data were thus
imputed using multivariate chain equation assuming that the
data were missing at random.14,15 Twenty imputations were
constructed using linear regression to obtain the summarized
estimates for further analysis.16
Time from diagnosis of CKD to CKD progression or death,
whichever occurred first, was calculated for each subject.
Subjects were censored if they were free from interested events
and competing risk event at the end of the study period
(December, 2011). Our outcomes of interest were CKD progressions, which were changes forward from G1 to G2, G2 to
G3a, G3a to G3b, G3b to G4, and G4 to G5, whereas higher
GFR category for each change and death were considered as
competing risk events. For instance, G3a, G3b, G4, G5, and
death were considered as competing risk events for a change
from G1 to G2. The subdistribution hazard function17–19 was
used to estimate the cumulative incidence function (CIF) and
the median times of CKD progression for each change separately by diabetic and non-diabetic subjects. GFR category was
treated as time varying covariates.
The cause specific hazard function17–19 was used to estimate the cause specific hazard ratio (csHR) of diabetes on
Copyright
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RESULTS
A flow chart of data retrieval for our cohort has been
demonstrated in Figure 1. Among approximately 1.3 million
adult population, 646,618, 434,493, and 216,151 were in age
groups of 18 to 39, 40 to 59, and 60 years or older, respectively.
Of these, 51,384 (7.9%), 87,662 (20.2%), and 80,319 (37.2%) in
the corresponding age groups were screened for CKD between
1997 and 2011, respectively. A total of 32,106 subjects were
classified as CKD according to the criteria of GFR and albuminuria. Among them, 17,074 (53.2%) and 15,032 (46.8%)
subjects were respectively non-diabetes and type 2 diabetes,
respectively.
Their baseline characteristics have been described in
Table 1. Among diabetic subjects, the mean age was 60.6 years,
27% were males, and the median follow-up time was 4.7 years
(range: 0.3, 14.2) with 70,414 person-years of observation. The
median duration of diabetes was 2.0 years (range: 0–11.8
years), most subjects (70.5%) received oral hypoglycemic
drugs, followed by insulin (14.6%), both oral hypoglycemic
drugs and insulin (8.0%), and diet control only (6.9%).
Among non-diabetic subjects, the mean age was 65.3
years, 45% were males, and the median follow-up time was
4.2 years (range: 0.3, 14.3) with 72,879 person-years of observation. All covariate distributions were statistically different
between diabetic and non-diabetic groups, except the mean
systolic blood pressure and diastolic blood pressure, respectively. Notably, the proportion of subjects on renin–angiotensin
system blockade agents was significantly higher in the diabetic
than non-diabetic groups (26.8% vs 13.3%, P < 0.001), see
Table 1.

CKD Progression
The numbers of GFR category G1, G2, G3a, G3b, G4, and
G5 at baseline enrollment have been described in Table 1.
Additional baseline characteristics of subjects by GFR category
have also been described in Supplementary Table 1 http://
links.lww.com/MD/A170. The median time for CKD progression was estimated separately by diabetic and non-diabetic
groups, see Figure 2. This suggested that diabetic subjects
progressed more rapidly through GFR categories with the
median times for CKD progression from GFR category G1
to G2, G2 to G3a, G3a to G3b, G3b to G4, and G4 to G5 of 4.4,
www.md-journal.com |
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TABLE 1. Baseline Characteristics of Subjects by Non-Diabetic and Diabetic Groups
Characteristics
Follow-up time, years, median (range)
Age, year, mean (SD)
Male, no (%)

BMI, mean (SD)
e-GFR,y ml/1.73 m2, mean (SD)
SBP,z mmHg, mean (SD)
DBP,§ mmHg, mean (SD)
Co-morbidity, no (%)
HTjj
CVDô
Dyslipidemia
RAS# blockade use, no (%)
GFR category, no (%)
G1
G2
G3a
G3b
G4
G5
Albuminuria category, no (%)
A1
A2
A3

Non-Diabetic N ¼ 17074

Diabetic N ¼ 15032

P-Value

4.2
65.3
7659
22.0
45.8
127.6
77.1

(0.3, 14.3)
(13.9)
(44.4)
(4.4)
(22.5)
(23.1)
(13.2)

4.7
60.6
4048
23.8
47.8
127.6
77.0

(0.3, 14.2)
(11.0)
(26.9)
(4.1)
(18.9)
(19.6)
(11.2)

<0.001
<0.001
<0.001
<0.001
<0.001
0.898
0.337

6190
2472
3657
2276

(36.3)
(14.5)
(26.7)
(13.3)

6455
1569
5416
4023

(42.9)
(10.4)
(39.1)
(26.8)

<0.001
<0.001
<0.001
<0.001

902
1439
6347
4475
2759
1152

(5.3)
(8.4)
(37.2)
(26.2)
(16.1)
(6.8)

601
1069
7001
4152
1825
384

(4.0)
(7.1)
(46.6)
(27.6)
(12.1)
(2.6)

<0.001
<0.001
<0.001
0.005
<0.001
<0.001

5170 (44.8)
3367 (29.2)
3008 (26.1)

<0.001
<0.001
<0.001

6867 (53.4)
3485 (27.1)
2510 (19.5)



Body mass index.
Estimated glomerular filtration rate.
z
Systolic blood pressure.
§
Diastolic blood pressure.
jj
Hypertension.
ô
Cardiovascular disease.
#
Renin–angiotensin system.
y

6.1, 4.9, 6.3, and 9.0 years, respectively. Non-diabetic subjects
took longer to progress with the corresponding median times of
9.4, 14.0, 11.0, 13.8, and >14.3 years.

Kidney Failure
The overall kidney failure rates were 2.8% (95% CI: 2.7,
2.9) and 1.8% (95% CI: 1.7, 1.9) in diabetic and non-diabetic
subjects, respectively. The CIF curves of kidney failure were
plotted against the KM-methods, see Figure 3. This suggested
that the probabilities of kidney failure by CIFs at 2, 5, and 10
years from index date were, respectively 3.7%, 11.0%, and
25.3% for diabetic subjects; and 3.1%, 7.5%, and 13.8% for
non-diabetic subjects. The naı̈ve KM method tended to overestimate the probabilities of kidney failure when compared to
the CIFs, ie, the probabilities at 2, 5, and 10 years were 3.8%,
11.8%, and 30.8% for diabetic subjects and 3.2%, 8.2%, and
17.3% for non-diabetic subjects, respectively.
After adjusting for sex, BMI, hypertension, CVDs, and
albuminuria at baseline, the csHR of diabetes was 1.49 (95% CI:
1.37, 1.62), indicating diabetic subjects were 49% significantly
higher risk to develop kidney failure than non-diabetic subjects,
see Table 2. Albuminuria at baseline was strongly associated
with kidney failure with the csHRs of 1.71 (95% CI: 1.53, 1.92)
and 3.40 (95% CI: 3.07, 3.76) for albuminuria category A2 and
A3 compared to A1, respectively. In addition, having hypertension and CVDs at baseline were also at higher risk to develop

4
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kidney failure with the csHRs of 1.47 (95% CI: 1.35, 1.60) and
1.49 (95% CI: 1.37, 1.63), respectively. Conversely, higher
BMI was approximately 28% (95% CI: 21%, 34%) and 55%
(52%, 59%) lower risk of kidney failure for the BMIs of 22 to
24.9 and 25 relative to BMI <22 kg/m2, respectively.

Death Rate
The overall death rates were 5.3% (95% CI: 5.1%, 5.5%)
and 5.9% (95% CI: 5.8%, 6.1%) in diabetic and non-diabetic
subjects, respectively. The overall probabilities of death at 2, 5,
and 10 years from index date were, respectively, 6.0%, 21.1%,
and 48.9% for diabetic subjects and 8.3%, 24.2%, and 48.1% for
non-diabetic subjects. The death rates of these 2 groups were
stratified by GFR and albuminuria category, see Figure 2. This
suggested that, for each albuminuria category, the death rates
gradually increased from G1 to G4 and sharply increased from
G4 to G5 in both non-diabetic and diabetic subjects. For each
GFR category, the death rate increased as albuminuria increased
particularly in diabetic subjects, which was approximately 2
times higher in A3 compared to A1. The death rates were
slightly different from G1 to G4 in both groups, but were
substantially higher in diabetic than non-diabetic groups in G5.
After adjusting for age, sex, BMI, hypertension, CVDs, and
albuminuria at baseline, the risks of death was 6% (csHR ¼ 1.06:
95% CI: 1.01, 1.12) significantly higher for diabetic subjects
when compared to non-diabetic subjects, see Table 2. CVDs had
Copyright
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Diabetes

Median (year)

GFR/Albuminuria
Category

A1
G1

A2
A3

Non-diabetes

IR/100

IR/100

3.5

2.8

3.2

2.9

4.5

3.1

GFR/Albuminuria
Gategory

Median (year)

A1
A2

G1

A3

4.4

9.4
A1
G2

A2

4.2

4.8

3.7

4.6

6.4

4.8

A3

A1
A2

G2

A3
14.0

6.1
A1
G3a

A2
A3

3.4

4.9

4.8

5.3

6.4

6.0

4.9

A1
A2

G3a

A3

Death
A1
G3b

6.7

6.4

6.8

9.3

7.6

8.4

6.7

9.9

9.7

15.0

11.1

29.7

21.0

30.1

20.6

44.9

25.1

A2
A3

11.0

4.8

A1
A2

G3b

A3

6.3

13.8
A1
G4

A2
A3

A1
A2

G4

A3

9.0

>14.3
A1
G5

A2
A3

A1
A2

G5

A3

FIGURE 2. Estimation of median time of CKD progression from lower to higher GFR category and death rate by non-diabetic and diabetic
subjects.

the strongest effect on death with the csHR of 3.11 (95% CI: 2.84,
3.41). Albuminuria categories A2 and A3 were 1.28 (95% CI:
1.18, 1.39) and 2.01 (95% CI: 1.87, 2.17) times more likely to die
relative to albumin category A1. Older age was higher risk of
death with the csHRs of 1.38 (95% CI: 1.11, 1.72) and 2.41 (95%
CI: 1.93, 2.00) for age groups 40–59 and 60 compared to age
group <39 years, respectively. Hypertension was approximately
17% (95% CI: 5%, 30%) higher risk of death than non-hypertension. Female and higher BMI were preventive factors of death, ie,
females were 22% (95% CI: 16%, 28%) lower risk than males,
whereas BMIs of 22 to 24.9 and 25 kg/m2 were 35% (95% CI:
28%, 42%) and 55% (95% CI: 52%, 59%), respectively, lower
risk of death than BMI of <22 kg/m2.
Copyright
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DISCUSSION
We conducted a large cohort study of CKD patients with a
median follow-up time of 4.5 years in the context of normal
primary care. This allowed us to clearly quantify the progression of CKD in both general and diabetic populations.
CKD progressed more rapidly through kidney failure in diabetic
subjects, and on average, the rate of progression was about
double, while the median times for progression were, respectively, about 5 to more than 8 years shorter for changing GFR
category in diabetic subjects compared to non-diabetic subjects.
Albuminuria, CVD, and hypertension were associated with
kidney failure progression, but conversely BMI was found to
reduce such risk.
www.md-journal.com |

5

Medicine

0

Probability of kidney failure
.1
.2
.3
.4

.5

Vejakama et al

0

5

10

Time (year)

Cumulative incidence (DM)
Cumulative incidence (non-DM)

15
1-KM (DM)
1-KM (non-DM)

FIGURE 3. Estimation of probability of kidney failure by diabetic
groups, subdistribution hazard versus KM method.

Huge numbers of studies have assessed the risk of CKD
occurrence in general and high-risk populations. Contrastingly,
not many studies have determined the progression of disease
after CKD occurrence, and our systematic search in Medline
database (up to July 22, 2012) could only identify 6 studies of
CKD progression.6–8,20– 22 None of them provided times for
changing GFR and albuminuria categories, so our study should



Volume 94, Number 4, January 2015

be able to fill in this remaining gap of knowledge. Like other
previous prognostic studies,6–9,21,22 our study also showed
consistent association between increased GFR and albuminuria
categories and rate of death. In addition to these studies, the
prognosis of death among diabetic subjects were slightly higher
than non-diabetic subjects, but paradoxically the overall rate of
dying at each GFR category were higher in non-diabetic subjects, except for GFR category G4 and G5 (data not shown).
This may be because diabetic subjects progressed through the
GFR category more rapidly which resulted in opportunities for
other unobserved competing events (ie, death in our case) to
play more roles in non-diabetic than diabetic subjects. However,
such competing event effects were blunted by the presence of
severely increased albuminuria.
The association between BMI and CKD among general
population has been clear. However, association between BMI
and kidney failure progression among established CKDs has
been controversial. This paradoxical inverse association was
consistent to findings obtained from previous studies,23– 27
which probably reflected better nutritional status among subjects with higher BMI and this may contribute to the delayed
kidney failure progression.
The impacts of CKD on clinical outcomes have received
less concern given that globally more people are living with
CKD than at any previous time.28 The cost of renal replacement
therapy in Thailand has risen steadily, that is, 53, 467, 900,

TABLE 2. Risk Effect of Diabetes on Kidney Failure and Death: A Cause Specific Hazard Competing Risk Model
Kidney Failure
Characteristics
Diabetes
No
Yes
Albuminuria at baseline
A1
A2
A3
HTy
No
Yes
CVDz
No
Yes
Age (year)
18–39
40–59
60
Sex
Male
Female
BMIjj
<22
22–24.9
25



Death

(95% CI)

P-Value

(95% CI)

P-Value

1
1.49 (1.37, 1.62)

<0.001

1
1.06 (1.01, 1.12)

0.027

1
1.71 (1.53, 1.92)
3.40 (3.07, 3.76)

<0.001
<0.001

1
1.28 (1.18, 1.39)
2.01 (1.87, 2.17)

<0.001
<0.001

1
1.47 (1.35, 1.60)

<0.001

1
1.17 (1.05, 1.30)

0.006

1
1.49 (1.37, 1.63)

<0.001

1
3.11 (2.84, 3.41)

<0.001

1
1.38 (1.11, 1.72)
2.32 (1.93, 3.00)

<0.001
<0.001

csHR

csHR

NA§
NA
NA
1
1.01 (0.93, 1.98)

0.802

1
0.78 (0.72, 0.84)

<0.001

1
0.72 (0.66, 0.79)
0.60 (0.54, 0.66)

<0.001
<0.001

1
0.65 (0.58, 0.72)
0.45 (0.41, 0.48)

<0.001
<0.001



Cause specific hazard ratio.
Hypertension.
z
Cardiovascular disease.
§
Not applicable.
jj
Body mass index.
y
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1066, and 1300 million US$ in 2008, 2009, 2010, 2011, and
2012, respectively.29 Unfortunately, policy makers and communities have paid insufficient attention to CKD, that is, limited
resources have been allocated to CKD and to risk factors such as
diabetes. To decrease disease and economic burden of the
country, the governments, policy makers, and health care
providers should implement effective treatment managements,
not only aiming at delaying CKD progression, but also implement effective health promotion programs aiming at prevention
of diabetes. In addition, intensive treatments and health promotion programs should be urgently launched and these should
be included in the Universal Health Coverage program in
Thailand.
Our study has some strengths. This is a large cohort of
CKD subjects recruited from real life practice that should be
able to reflect the CKD progression of Asian population. The
sources of the studied populations were from both general and
high-risk populations, thus making the comparison of CKD
prognosis in general and high-risk CKD populations feasible.
The follow-up time was as long as 14 years with a median of 4.5
years, which allowed us to estimate the median time of disease
progression from lower to higher GFR categories. The CKD
misclassification was less likely because the diagnosis of CKD
required evidence of persistent abnormal urine findings or
decreased e-GFR on several occasions at least 3 months apart.
Our study investigated the outcomes of routine clinical practice
currently provided for people with CKD in real-world conditions.
Finally, we properly applied the subdistribution hazard
model to predict the disease prognosis (ie, CIF of CKD progression) and the cause-specific hazard model to evaluate the
prognostic effects (ie csHRs) on kidney failure/death separately
by non-diabetic and diabetic subjects.19,30 The probability of
CKD progression was estimated in presence of competing risks
(ie, higher GFR category and death), which yielded more
accurate estimates than the naı̈ve KM method.17–19 The KM
method treats death as censoring, given the basic assumption of
constant hazard that censored subjects are independent and thus
are good representatives for those subjects who are still
observed. In other words, the censored event should not alter
or preclude (as in our case) kidney failure occurrence. In a real
situation of chronic illness such as CKD, subjects may die from
other causes before reaching kidney failure leaving only surviving subjects in the cohort. As such, the remaining subjects are
prone to survival bias, and thus they are not good representatives for the whole cohort.11 Performing a proportional hazard
assumption test for our data found highly significant violation of
this assumption (P < 0.001, data have not been shown). If such
assumption is not met, applying the naı̈ve KM method would
lead to overestimation of kidney failure rate. This is like what
we observed in our data, the KM method tended to yield higher
probability of kidney failure than the CIF method because it
treated dead subjects as if they were still at risk of having kidney
failure.31 In this case, the KM method overestimated the
cumulative probabilities of kidney failure as a result of high
rate of competing risk.32,33 Although the competing risk models
have been applied and acknowledged more in cardiovascular
and oncology research, their methodological issues have only
recently been discussed in nephrology.11,30,32,33
Our study also had some limitations. This study was a
retrospective cohort in which the data were retrieved from
databases of routine practice. Data quality controls, standardized laboratory tests, and completeness of data were not as
good as a prospective cohort with research purpose. Information
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on treatments of co-morbidity (ie, DM, HT, CVD, dyslipidemia) such as types of drug, drug dosage, drug compliance,
achievement of treatment targets or treatments of CKD itself
were lacking. This may result in biased prognostic effects of the
studied co-variables. This cohort was conducted using data from
only one province located in the North Eastern Thailand, where
the CKD prevalence was highest compared to other regions,
except Bangkok.2 The healthcare resources, in terms of density
of nephrologists, clinicians, nurses, and other health professionals were low compared to other regions of the country.
Consequently, the pattern of CKD progression obtained under
these conditions may not be similar to other developed
countries, but may be generalizable to developing countries
with similar structures.
In conclusion, our study has described CKD progression in
a Thai population with current clinical practice. The CKD
progressed more rapidly and was more likely to reach to kidney
failure in diabetic than non-diabetic subjects. These subjects
may need more aggressive assessments and treatments in order
to delay their disease progression and increase survival.
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