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Renal Function Decrement in Type 2 Diabetes Mellitus
Patients in Cipto Mangunkusumo Hospital
Kuspuji Triyanti, Suhardjono, Pradana Soewondo, Hamzah Shatri

ABSTRACT

Aim: to screen for reduction of renal function in type 2
diabetes mellitus (DM) patients based on various estimated
Glomerular Filtration rate (eGFR).

Methods: 1283 newly registered type 2 DM patients were
included in the study from the year 2003 until 2006. We
calculated the eGFR by the Cockroft-Gault (CG), Cockroft-
Gault adjusted for body surface area (CG-BSA), 4-variables
Modification of Diet in Renal Disease (MDRD), and Chi-
nese adapted MDRD (C-MDRD) methods based on serum
creatinine. We also investigated the significant risk factors
based on the method with the highest percentage of renal
dysfunction.

Results: type 2 DM patients with serum creatinine >2
mg/dL (the abnormal limit in Indonesia) was only 5.8%, but
the prevalence of patients with eGFR <60 mL/mnt was 36.1%
(CG), 43.7% (CG-BSA), 13.2% (MDRD), or 22.8% (C-
MDRD). We used CG-BSA to determine risk factors as the
method with highest percentage of renal dysfunction. Sig-
nificant risk factors for renal dysfunction based on multi-
variate analysis were history of hypertension (P=0.025,
95%CI 1.08-3.19), proteinuria (P=0.015, 95%CI 1.13-3.22),
and diabetic retinopathy (P=0.001, 95%CI 1.43-4.20).

Conclusion: the use of eGFR is recommended to screen
in type 2 DM patients than the use of mere serum creatinine.
We advocate the use of CG-BSA method to increase the
physician’s awareness, as more subjects will fall within the
ambit of CKD.
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glomerular filtration rate.
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide
public health problem.1-3 It is recognized as an important
condition due to its correlation with some factors. The
first factor is the rapidly increased prevalence in all over
the word. Screening surveys conducted in Australia,
Japan, and European countries identify that the
prevalence of CKD is about 6-11% among common
population and it increases of 5-8% annually. CKD is
more prevalent among the population with risk factors,
i.e. 50-60%. Similar condition also occurs in developing
countries.4,5 The second factor associated with CKD is
the extreme high cost for end-stage renal disease
(ESRD).3-5 Most patients in the world is unable to
undergo hemodialysis or kidney transplantation because
of such expensive cost.6 Third, CKD increases the risk
of cardiovascular disease. 3-5 This has been demonstrated
by various study reports which indicate that there is
correlation between decreased renal function and
increased mortality risk of cardiovascular disease.3 The
fourth factor includes effective management that has
been demonstrated to prevent disease progression.3-5

Unfortunately, most patients with CKD have not been
diagnosed early until they have more severe disease
condition.6

Mass screening for CKD is expensive, inefficient
and not effective. Currently, screening for any group with
risk factors has been recommended.7 One of population
that has high-risk for CKD is patients with diabetes
mellitus (DM).

The number of worldwide diabetic patients,
particularly type-2 DM, has been increasing. Its
complication has also increased, such as renal
complication or diabetic nephropathy (DN). Moreover,
DN has become the main reason for patients to have
renal replacement therapy in the western countries
(25-42%).8-11 In Indonesia, the prevalence is also likely
increase in patients with ESRD who have undergone
renal replacement therapy. 8,12,13
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As the other causes of CKD, there is also reduced
glomerular filtration rate (GFR) in DN, a sign of CKD
progression.7 GFR is the parameter of renal function
which determines CKD classification and treatment.14-

16 It is not easy to directly measure such parameter;
therefore, most clinicians use estimated GFR based on
serum creatinine level.15-17 Two method that most
frequently used are the Cockroft-Gault (CG) method and
Modification of Diet in Renal Disease. In addition, there
are also CG method adjusted to body surface area (CG-
BSA), and Chinese adapted MDRD (C-MDRD). Such
adaptation is considered as necessary, particularly due
to different body size between the Asian and Western
ethnic.15-18 However, estimated GFR has not been
performed as a routine although it has been frequently
recommended.18 GFR is also correlated to various risk
factors, which should be noticed and controlled.19

This study was conducted in 100 newly diagnosed
patients with type-2 DM at outpatient Endocrinology
clinic, Cipto Mangunkusumo hospital in 2003. It showed
prevalence of proteinuria as 37%. The study evaluated
decreased renal function based on CG <60 mL/min and
found 40% result.20 However, the result based on
MDRD, CG-BSA, and C-MDRD has not been known.
Therefore, we consider that it is necessary to identify
the profile of renal function in patients with type-2 DM
by calculating estimated GFR and the affecting risk
factors.

METHODS

This study was a cross-sectional study by using
secondary data (retrospective). During the study, there
was data of 3802 new patients that had their first visit to
Endocrine-Metabolic outpatient clinic in 2003-2006. From
such data, 1283 newly diagnosed patients with type-2
DM were eligible, i.e. who had met the inclusion criteria
and had no exclusion criteria.

Inclusion criteria: visit the outpatient clinic at
Department of Endocrine Metabolic/Internal Medicine
for the first time with diagnosis of type-2 DM during the
period of January 2003–December 2006 and have a
complete medical record of data needed in this study.

Exclusion criteria: have other concomitant disease
that may cause CKD (except hypertension), such as
kidney stones, congenital kidney disease,
glomerulonephritis (based on history in medical record),
having fever or infection, liver cirrhosis, history of
amputation, having any drug treatment that may affect
the serum creatinine level, such as cimetidin and
trimetoprim, and creatinine serum level obtained by other
than Jaffe-kinetic laboratory method.

The sample was selected by taking all of available
medical record, i.e. data of every new patient that visit
the outpatient clinic at Department of Endocrinology/
Internal Medicine, Cipto Mangunkusumo General
Hospital and data of eligible patients during the study
period.

Based on the subjects’ medical records, data of
history, physical examination and laboratory test of
serum creatinine level was evaluated. Data of lipid
profile, urinalysis, urine examination of quantitative
protein and retina examination was also examined to
evaluate any diabetic retinopathy. All examinations should
be performed in 3 month period of time since the date of
patient’s fist visit to the outpatient clinic at the
Department of Metabolic Endocrine/ Internal Medicine,
Cipto Mangunkusumo General Hospital. Afterward,
based on the result of serum creatinine level, the
estimated glomerular filtration rate was calculated by
using CG method, CG-BSA, MDRD, and Chinese
adapted-MDRD.

Statistical Analysis
The prevalence was calculated for each estimated

GFR method. Afterward, calculation was performed to
obtain the odds ratio for estimated GFR with highest
percentage (as screening for decreased renal function
in a patient), and to obtain the risk factor of estimated
GFR by using chi square test. Significant level of 5%
was used in this study.

RESULTS

Baseline Characteristics
 The subject characteristics are showed on table 2.

The number of patients with creatinine > 2 mg/dL was
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only 5.8%, while the percentage of patients who had
decreased renal function (GFR < 60 ml/min) based on
CG method, MDRD method and Chinese adapted
MDRD method was 36.1%, 13.2%, and 22.8%
respectively. The percentage was higher when the CG-
BSA (43.7%).

Of 425 patients aged > 60 years, 54.1% had
decreased renal function based on CG method; while
based on CG-BSA, there was 63% and 19.3%.when it
was based on MDRD method. In contrast, there was
only 7.5% patients who had serum creatinine level >2
mg/dL.

Table 3 demonstrates various risk factors and
classification of GFR CG-BSA, the method that obtain
the highest result for decreased renal function.

Based on classification of serum creatinine level and
GFR CG-BSA as the method of highest percentage
detection for decreased renal function, at serum
creatinine level of 1-1.5 mg/dL, there was 47.1%
patients who already had GFR <60 mL/min. (Table 4)

Figure 1 shows that the higher serum creatinine level,
the lower GFR CG-BSA. This figure also indicates that
there are quite many patients with serum creatinine level
< 2 mg/mL but their GFR has decreased to < 60 mL/
menit.

Figure 1. Correlation between GFR CG-BSA and serum creatinine
level

Risk Factors Correlated to Renal Function
Highest percentage of decreased renal function was

found by CG-BSA calculation method and further analysis
between such method and risk factors was performed
(table 5). No test was performed on age and sex factors
because botgh factors have been included as variables
calculated in GFR formula.

Multivariate Analysis
This study used logistic regression analysis as the

multivariate analysis. Variables included in the
multivariate analysis were all variables that has
significant level of p<0.25. The end result revealed
variables that have significant correlation to decreased
renal function includes history of hypertension, proteinuria
and diabetic retinopathy.
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DISCUSSION

This study found 13.2% prevalence of decreased
GFR based on MDRD method in newly diagnosed
patients with type-2 DM. Based on CG method, the
prevalence was 36.1%; based on Chinese modified
MDRD 22.8%, and based on BSA was 43.7%. A study

by Galastri et al in 2003 at Outpatient clinic of Metabolic
Endocrine, Cipto Mangunkusumo hospital found
prevalence of decreased estimated GFR by CG method
CG <60 mL/min as 40%.20 Razy et al found 30.7% (16
of n=52) patients with proteinuria who had decreased
renal function based on creatinine clearance (GFR < 60
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mL/min).22 Middleton et al in UK, by using MDRD
method, found 27.5% prevalence of decreased renal
function in patients with type-2 DM.23 Coresh et al in
United States shows 15.1% prevalence in patients with
type-2 DM.24 Such difference in prevalence might be
caused by different method in examination and
creatinine calibration. 23 However, overall, there was quite
high prevalence of decreased renal function..

A study by Kong et al found 6% prevalence of
patients with serum creatinine level >2 mg/dL. When the
GFR calculation was based on MDRD, the prevalence
of patients with GFR < 60 mL/min/1.73 m2 was 15.8%.25

Similar result has been found in this study. There was
only 5.8% patients with serum creatinine level >2 mg/
dL, but there was 13.2% patients with GFR <60 mL/min
(MDRD method) – 43.7% (CG-BSA method). Galastri
et al only found increased serum creatinine level in 2%
patients; however, the percentage of patients with GFR
<60 mL/min reached 40%.20 This indicates that increased
serum creatinine level is less sensitive in evaluating
decreased renal function. Therefore, this parameter is

less ideal for renal function. In addition to the influence
of many factors, a great GFR changes is necessary to
increase serum creatinine level exceeding the normal
limit. 25

Early stage of CKD is usually asymptomatic which
likely causes this disease regarded as mild illness. 26 The
higher prevalence of patients with estimated GFR <60
mL/min compared to patients with serum creatinine >2
mg/dL indicates calculation of estimated GFR is
important to remind the doctors on possibility that CKD
has occurred. There are a lot of patients with CKD and
patients at risk for CKD; therefore, doctors, including
the specialist other than nephrologist, should be
proficient in GFR estimating method. 26

Calculating estimated GFR by direct note on
laboratory test is one of methods that may increase
doctors’ awareness on CKD. 27

The definition of decreased renal function in this
study was GFR <60 mL/min. This number refers to study
results that indicated an association of such value with
increased risk of progression toward end-stage renal
disease (ESRD) and mortality due to cardiovascular
disease.27 Go et conducted a longitudinal study on
estimated GFR evaluation and demonstrated that there
was a correlation between decreased GRF with risk of
death, cardiovascular events and hospitalization. The
correlation was obvious on GFR value <60 mL/min, and
it sharply increased on GFR <45 mL/min.28 Indeed, some
studies found a correlation between increased serum
creatinine level and mortality risk, risk of cardiovascular
disease and cardiovascular events. However, because
serum creatinine has no linear comparison with GFR,
than it is better to use the estimated GFR.24

In this study, patients at outpatient clinic were
participated. Therefore, we expect a more accurate
calculation of estimated GFR, which is in accordance
with the patients’ characteristics that became study
samples in preliminary studies resulting formula of GFR
MDRD method.4,17 Some literatures have shown the
accuracy or MDRD method, particularly for patient in
outpatient clinic with CKD.5,17

Zuo et al conducted a study about using various
estimated GFR in Chinese patients who suffered from
CKD. They compared the GFR measurements, i.e. by
using Technetium (Tc) 99m, GFR CG method, GFR
MDRD method 7 variables, and 4 variables. Overall,
the accuracy and precision of the three estimation method
are similar; however, the CG method has greater bias.
One of factors that cause different results between
various measurements is ethnicity. They suggested that
a correction factor is necessary to calculate the GFR.29

Our study did not compare the calculation of estimated
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GFR with GFR measurement using inulin/contrast and
the different result found needs further study. Ethnicity
has become one of the causes and it may become a
correction factor.

It should be noted that decreased renal function in
patients with DM is not always accompanied by
proteinuria. Our study found that the prevalence of
patients with decreased renal function without proteinuria
was 11.5% (CG), 12.3% (CG-LPB), and 7.1% (MDRD).
A study by MacIsaac et al in patients with type-2 DM
demonstrated that there could be a decrease of
creatinine clearance without any increased proteinuria.
The prevalence of patients with GFR < 60 mL/min and
without proteinuria in the study by MacIsaac et al. was
39%.26 The National Health and Nutrition Survey
(NHANES) III found that there was no different rate of
decreased renal function annually between micro- and
macroalbuminuria group among the age group 60-79
years with GFR <60 mL/min. The pathogenesis has not
been known and the other causes but DN has not been
fully excluded. 24

There has not any validation for estimated GFR in
patients with type-2 diabetes in Indonesian population,
particularly in patients with renal function disorder. This
and the lack calibration of serum creatinine in
accordance with the CCF laboratory, the place of MDRD
study, has called for further studies on such aspect.

An observational study has indicated that smoking
has enchanced the occurence of microalbuminuria and
the transition into macroalbuminuria.30 The study did not
found any correlation between smoking and decreased
renal function. This might be due to less proportion of
smoker in the study, i.e. only 12.5%. Moreover, the
smoker and ex-smoker were categorized into one group
in the study. A study on type-1 DM found that smoking
cessation may delay the occurrence of DN, which
similarly expected in type-2 DM.30 However, it should
be noted that in patients with type-2 DM with period of
illness <5 years, there was only 11.6% smoker, in
contrast to 13% smoker in patients with period of illness
>5 years

A study by Kuo27 indicated that hypertension was
an independent risk factor of CKD. Our study also found
that history of hypertension had significant correlation
to decreased renal function, and such result remained
after multivariate analysis had been performed. In type-
2 DM, hypertension frequently has multifactor causes
and it is possibly as part of metabolic syndrome.30,31 In
this study, there was no significant correlation between
hypertension and diastolic pressure. Later, after being
analyzed by multivariate analysis, there was also no
significant correlation either with diastolic or systolic

pressure. This might be caused due to single recording
for blood pressure examination. When the correlation
was evaluated for history of hypertension, it revealed
significant result.

Dyslipidemia has no significant correlation in this
study. Galastri et al20 and Razy et al22 also found similar
results. Controversial result was found in various other
studies. Current evidences indicate that dyslipidemia is
the risk factor of CKD occurrence and progression. The
MDRD study itself revealed that low HDL level
correlated to rapid GFR decrease.32 Such differences
might be caused by incomplete data of lipid profile in the
subjects of this study (only 64.5% had undergone
examination) and some subjects were not newly
diagnosed patients or already had treatment for their
dyslipidemia disorder.

Razy et al found that patients with type-2 DM aged
>45 years were likely having DN 1.15 times greater than
aged <45 years.22 A study by Kuo et al in Taiwan found
that the prevalence of CKD in elderly (> 75 years) was
greater 17-25 times than the patients aged younger than
20 years old. Elderly is the main risk factor group for
CKD.27 A study by Tanaka et al in Okinawa, Japan, has
also found increased prevalence of CKD in patients aged
>60 years.33 This was also found in our study. Based on
CG-BSA method, we found that 63% patients aged >60
years in this study had already experienced decreased
renal function. This is important considering that elderly
patients are susceptible for cardiovascular complication
from DM. 34

A study by Kuo et al demonstrated that female had
more frequent CKD, in contrast to other studies in
Western countries, that it is more frequent in male
patients.27 Our study found that there was more female
patients who had decreased renal function. Little has
been known about the correlation between sex and
decreased renal function. This may be correlated to
different race/genetic associated with DN, environment
factor and social factors.27 However, a meta-analysis of
11 clinical trial on ACEI treatment in CKD patients did
not find increased ESRD in male patients. In contrast,
after being adjusted to baseline variables, such as blood
pressure and proteinuria, the evidences indicated that
female patients had higher risk. This may be due to
menopausal state, which had not been calculated on
female subjects in the study. 32

Kong et al found a tendency of reduced body mass
index along with decreased GFR.25 Such condition was
also found in our study. It is assumed that when CKD
begin, there are some advanced changes in metabolism,
especially increased circulating cytokines and hence it
causes inflammation. Reduced clearance of waste
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metabolic product and inflammatory cytokines may cause
chronic inflammation, which can be worsen by
malnutrition, catabolism and susceptibility against sepsis
condition in patients with terminal renal failure. 25 Such
finding is different from some study results in Western
countries, which likely found decreased renal function
in patients with body mass index >25; therefore, they
proposed obesity as a potential risk factor for
proteinuria.35 The study by Galastri et al did not find any
significant correlation between body mass index and
DN.20 While the study by Razy et al found significant
correlation between obesity and albuminuria and
significant correlation between albuminuria and
creatinine clearance (odds ratio 13.867, CI 3.587-
53.600).21 Different result to this study may be due to
different location of study, i.e. the study was performed
at community health center or primary health care.

There was no correlation between blood glucose
control and decreased GFR in this study. In other hand,
this factor may have important role in DN development
and it may interact with other risk factor causing
enhanced progression of disease.30 We assume that it
may be because this study used various kind of
laboratory test as the limit value and due to its
cross-sectional study design.

Proteinuria does not only act as a marker of kidney
disorder and disease severity, but it also has role in CKD
progressivism.32 Strong correlation between proteinuria
and CKD may be found in a screening study by Iseki et
al that found proteinuria as the strongest predictor of
ESRD occurrence in 10 year period (odds ratio 14.9 CI
10.9-20.2).36 Various studies has demonstrated strong
correlation between proteinuria and CKD progressivism,
without considering the cause of CKD.32 In this study,
we also found a correlation between proteinuria and
decreased renal function, and remained after multivariate
analysis. The study conducted by Galastri et al. did not
find any correlation between both factors. This can be
understood because most subjects in the study
approximately had DM less than 4 years.20 At initial stage
of DN, indeed, there is glomerular hyperfiltration;
therefore, the GFR will increase.

Galastri et al found a significant correlation between
DN and diabetic retinopathy.20 Razy et al also found
similar result at the community health center
(Puskesmas).22 Our study also demonstrated a
correlation between decreased renal function and
diabetic retinopathy. This is important because diabetic
retinopathy may increase the suspicion of renal
dysfunction and early intensive treatment for DN has
been proven that it may decrease the incidence of
diabetic retinopathy.23

Limitations
Cipto Mangunkusumo hospital is a type-C or

tertiary hospital or central of referral. This may
influence the patient selection that came to outpatient
clinic at Cipto Mangunkusumo Hospital. The cross-
sectional study design may cause that the causal-effect
correlation between decreased renal function and risk
factors can not be analyzed. However, such study
design is well-applied, especially for disease with long
onset and duration illness. Therefore, we compare the
relative risk through odds ratio, i.e. the prevalence of
disease in the group with and without risk.

This study only included patients with data that meet
the inclusion criteria and without any exclusion criteria.
This condition is frequently found in study field. In the
United States, less than 1 of 4 patients with DM have
HbA1c, lipid profile examination, and blood glucose level
for at least once a year. It reveals that screening and
better treatment are necessary in such patients.34

For more accurate GFR calculation by MDRD
method, we need validation of examination method in
measuring serum creatinine level, i.e. through
calibration in CCF laboratory, i.e. at the place where
MDRD was conducted..36,37 Most sample in this study
had examination at Cllinical Pathology laboratory at
Faculty of Medicine, University of Indonesia, Cipto
Mangunkusumo Central General Hospital. When the test
was not performed at the laboratory, the investigators
asked the laboratory about the examination method and
the test was excluded if there was any different
technique used. Examination of serum creatinine level
was performed at Clinical Pathology Laboratory,
Faculty of Medicine, Cipto Mangunkusumo Hospital by
using the technique of Jaffe kinetic reaction and it was
calibrated continuously according to international
standard prior to the examination. However, we did not
know the comparison of its result with CCF laboratory.

CONCLUSION

We found higher prevalence of decreased renal
function in patients with type-2 DM based on estimated
GFR compared to merely normal limit of serum
creatinine level. Because some patients with GFR <60
mL/min still have serum creatinine level <2 mg/dL;
therefore, we suggest that serum creatinine 2 mg/dL
should better not be used for screening the decreased
renal function in patients with type-2 DM. We
recommend screening GFR in every patients with
type-2 DM, by using estimation method, especially the
CG-BSA method which will reveal more extensive
result for patients with CKD and it may provide better
prevention and treatment.
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The risk factors of decreased renal function include
history of hypertension, proteinuria and diabetic
retinopathy.
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