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Abstract. – AIM, The aim of this study was to
investigate the annual rate of glomerular filtration
rate (GFR) decline and associated risk factors
with this decline in diabetic nephropathy patients.

PATIENTS AND METHODS, A total of 122 type 2
diabetes mellitus (DM) patients (66F, mean follow
up time 39 ± 19 months, mean age 56 ± 10 years,
mean duration of diabetes diagnosis 12.1 ± 9.5
years) between 2003 and 2010 were evaluated ret-
rospectively. Socio-demographic characteristics
and blood pressure data, laboratory parameters,
HbA1c, daily urine protein excretion both of the
first and last visits of all patients were recorded.

Patients were separated into three groups ac-
cording to rate of GFR decline. Group 1 (n:35),
group 2 (n:42) and group 3 (n:45) consisted of
patients < 1 ml/dk/1.73 m2, 1-5 ml/dk/1.73 m2 and
> 5 ml/dk/1.73 m2 annual rate of GFR decline re-
spectively. Demographics, laboratory data and
their treatments were compared in all three
groups and were investigated factors that may
influence the rate of GFR decline.

RESULTS, The annual rate of GFR decline was
1.4 ± 2.3 ml/sec, –2.9 ± 1.0 ml/sec and -11.9 ± 9.1
ml/sec in group 1, 2 and 3 respectively. Daily urine
protein excretion was 0.9 ± 1.3, 1.2 ± 1.5 and
5.2±5.5 g in groups respectively, was found signifi-
cantly higher in group 3 (p < 0.001). Serum albumin
level was significantly lower in group 3 (p < 0.001).

We found positive correlation between annual
rate of GFR decline and last visit systolic blood
pressure (SBP), daily proteinuria and parathor-
mone levels (r: 0.339, 0.447 and 0.289 p < 0.001, <
0.001 and 0.02 respectively) and negative correla-
tion between GFR decline and ΔSBP (Δ systolic
blood pressure), pretreatment albumin, calcium
and hemoglobin levels (r: –0.409, –0.526, –0.233
and –0.467, p < 0.001, < 0.001, < 0.001 and 0.016 re-
spectively).

CONCLUSIONS, Proteinuria, hypoalbumine-
mia, anemia, and a change in SBP were found
most effective in annual rate of GFR decline in
patients with diabetic nephropathy. The early de-
tection of these factors may slow the progres-
sion of nephropathy.
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Introduction

Diabetic nephropathy (DN) is one of the most
important reasons of end-stage renal failure1,2. In-
cidences of diabetes mellitus and DN are increas-
ing in recent years. The prevalence of diabetic
nephropathy ranges between 4% to 8%. Type 2-
related nephropathy is reported to be 10 to 15-
fold more frequent3-5.

Decline in GFR is 1 ml/min/1.73 m2/year in
diabetic nephropathy, and it is considered as
rapidly progressive nephropathy, if the decline
exceeds 5 ml/min/1.73 m2 year-1 6,7. Although hy-
pertension and proteinuria remain to be the lead-
ing risk factors in the progression of diabetic
nephropathy, the associated risk factors have not
been fully elucidated8,9. 

In this study, we aimed to determine the annu-
al decrease in GFR and the associated risk factor
in outpatients with diabetic nephropathy.

Patients and Methods

This retrospective study was conducted on 122
patients with type 2 DM who were followed up
in Clinical of Nephrology, Sisli Etfal Training
and Research hospital between the years 2003-
2010.

Patients who were diagnosed with diabetic
nephropathy by renal biopsy or those who were
diagnosed with diabetes and receiving oral an-
tidiabetics/insulin treatment and determined to
have persistent albuminuria (> 300 mg/day) with
at least 2 of 3 three tests during 3 weeks period
were included in the study.

Patients with solitary kidney, polycystic renal
disease, history of renal calculi, ischemic renal
disease or biopsy-proven non-nephropathic renal
disease were excluded.

All socio-demographic data of the patients,
such as age, gender, duration of diabetes, addi-
tional systemic diseases (hypertension, coronary
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artery disease, ischemic heart disease, malignan-
cy, cerebrovascular disease, etc.), and their treat-
ments were registered from the patients files.
Systolic (SBP) and diastolic blood pressures, 12
hours fasting blood test (fasting glucose, serum
urea, creatinine, uric acid, albumin, calcium,
phosphor, triglyceride, total cholesterol, HDL-
cholesterol, LDL-cholesterol), intact parathor-
mone (iPTH), HbA1c, hemoglobin and daily uri-
nary protein excretion of patients in the first and
last visits were registered.

The glomerular filtration rates (GFR) of the pa-
tients during the first and last visits were calculated.
Mean annual decline in GFR for each patient was
estimated by the ratio of follow up duration to the
change in GFR. Patients were separated into 3
groups according to their mean annual decline of
GFR. Group 1 (n=35): Slow progression group
with a decrease of < 1 ml/min/1.73 m2/year in GFR,
Group 2 (n=42): Normal progression group with a
decrease of < 1 to 5 ml/min/1.73 m2/year in GFR,
Group 3 (n=45): rapidly progressive group with a
decrease of > 5 ml/min/1.73 m2/year in GFR6. An-
nual changes of GFR data were estimated by
MDRD formula. The following formula was used:
GFH (ml/min/1.73 m2 year-1) = 186 × (SCr)-1.154 ×
(age)-0.203 × (0.742, if female) × (1.210, if black)9.

Socio-demographic data, blood tests and the
treatments that the groups received were com-
pared to each other, and the factors effecting the
decline rate of GFR were investigated. 

Statistical Analysis
All data were transferred to SPSS 17.0 soft-

ware (SPSS Inc., Chicago, IL, USA). Parametric
data were presented as mean±SD. One way
ANOWA test was used for the analysis of para-
metric data of the groups and post hoc analysis
of significant data were performed by Tukey
HSD test. Spearman and Pearson tests were used
in correlation analysis. Mann Whitney U test and
Kruskal-Wallis H tests were used in the analysis
of non-parametric tests. p < 0.05 was accepted to
be significant for all data.

Results

Of the 122 patients included in the study, 66
(54.1%) were females, the mean age was 56±10
years and the mean follow up period was 39±19
months. Mean annual decrease rate of GFR was
estimated to be 4.99 ml/min. Mean time of diag-
nosis was 13.5±8.0 years.
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Patients were separated into 3 groups accord-
ing to their annual decline rates of GFR. Of the
35 patients included in Group 1, nineteen were
females. Mean age in this group was 57.9±8
years, mean follow up period was 46.9±20
months, and annual change in GFR was 1.4±2.3
ml/min/1,73 m2year-1, and mean time of diagno-
sis was 12.1±9.5 years.

Of the 42 patients in normal progression group
(Group 2), nineteen were females. Mean age in
this group was 57.8±11 years, mean follow up
period was 47.5±17 months, annual change in
GFR was 2.9±1.0 ml/min/1.73 m-1/year-1 and
mean time of diagnosis was 14.6±8.3 years.

Of the 45 patients in rapidly progression group
(Group 3), twenty five were females. Mean age
in this group was 53.5±12 years, mean follow up
period was 26.1±12.9 months, annual change in
GFR was –22.9±9.1 ml/min/1,73 m-2/year-1 and
mean time of diagnosis was 13.5±6.1 years.

There were no significant differences between
the groups in terms of age and gender (p = 0.10
and p = 0.95, respectively). However, the mean
follow up duration was significantly shorter in
group 3, compared with the others. 

There was no significant difference regarding
time of diabetes diagnosis (p < 0.396). 

Demographic data and the baseline laboratory
tests of the patients in the groups are presented in
Table I and Table II. 

According to the post hoc analysis of the data
during the initial visit, the amount of daily protein
excretion did not significantly differ in groups 1 and
2 (p = 0.91), but observed to be significantly in-
creased in group 3 compared to the other groups (p
< 0.001 and p < 0.001, respectively). 

Serum albumin levels did not significantly dif-
fer between the groups 1 and 2 (p = 0.90). How-
ever, it was found to be significantly elevated in
group 3, compared to the other two groups (p <
0.001 and p < 0.001, respectively).

Hemoglobin levels were significantly lower in
group 3 compared to group 2 (p < 0.039), while
there was no significant difference between the
other groups. 

Serum calcium levels did not significantly dif-
fer between the groups 1 and 2 (p 0.81). Howev-
er, it was found to be significantly elevated in
group 3, compared to the other two groups (p <
0.001 and p < 0.001, respectively).

At time of admission, 23 patients in Group 1, 30
in Group 2 and 36 in group 3 were receiving insulin
treatment. No difference was detected between the
groups in terms of treatment mortality (p = 035).
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Group 1 Group 2 Group 3 
(n: 35) (n: 42) (n: 45) p

Age (years) 57.9 ± 8 57.8 ± 11 53.5 ± 12 0.10
Gender (M/F) 16/19 20/22 20/25 0.95
Follow up duration (months) 46.9 ± 20 47.5 ± 17 26.1 ± 12.9 < 0.001
Duration of diabetes mellitus (years) 12.1 ± 9.5 14.6 ± 8.3 13.5 ± 6.1 0.396
Glomerular filtration rate (GFR) (ml/sec) 46.5 ± 22 47.2 ± 20 49.3 ± 31 0.877
Annual decline of GFR (ml/sec) 1.4 ± 2.3 -2.9 ± 1.0 -11.9 ± 9.1 < 0.001
Systolic blood pressure (the first) (mmHg) (SBP) 155 ± 27 150 ±19 151 ± 23 0.736
Diastolic blood pressure (the first) (mmHg) (DBP) 87 ± 13 86 ±13 87 ± 13 0.949
Systolic BP (the last) (mmHg) 139 ± 18 136 ± 22 145 ± 22 0.192
Diastolic BP (the last) (mmHg) 80 ± 11 76 ± 9 77 ± 11 0.209

Table I. Socio-demographic data of all the patients.

Group 1 Group 2 Group 3 
(n: 35) (n: 42) (n: 45) p

Urea (mg/dl) 70 ± 45 69 ± 38 68 ± 23 0.96
Creatinine (mg/dl) 1.7 ± 0.8 1.6 ± 0.6 1.6 ± 0.6 0.82
Albumin (g/dl) 4.3 ± 0.4 4.2 ± 0.4 3.6 ± 0.5 < 0.001
Proteinuria (g/day) 0.9 ± 1.3 1.2 ± 1.5 5.2 ± 5.5 < 0.001
LDL-Cholesterol (mg/dl) 110 ± 29 112 ± 45 128 ± 55 0.27
Triglycerides (mg/dl) 216 ± 180 145 ± 80 208 ± 135 0.054
Calcium (mg/dl) 9.6 ± 0.4 9.5 ± 0.5 9.0 ± 0.4 < 0.001
Parathormone (pg/dl) 83 ± 67 99 ± 104 167 ± 145 0.046
Hemoglobin (g/dl) 12.6 ± 1.7 12.6 ± 2.1 11.5 ± 1.7 0.02
HbA1c (%) 7.8 ± 1.6 7.5 ± 1.7 7.8 ± 1.5 0.668

Table II. The baseline laboratory data of the patients in the groups.

Discussion

Retrospective analysis of 122 patients with dia-
betic nephropathy demonstrated that severe pro-
teinuria, hypoalbuminemia, anemia, hypocalcemia
and hyperparathyroidism at the time of admission
and the last treatment systolic blood pressure levels
and the decline rate in systolic blood pressure were
effective in the progression of renal disease. In this
study, the annual decrease rate in GFR was detect-
ed to be 4.99 ml/min.

GFR alterations vary among the individuals with
diabetes. While the rate of annual decrease may be
less than 1 ml/min in slow progressive groups, rates
of up to 10-18 ml/min was reported in rapidly pro-
gressive groups10-19. Very low GFR alterations, such
as 0.36 ml/min/1.73 m2 were reported in a type 2
diabetic population in Japan20. However, it was re-
ported as high as 4.7 ml/min/1.73 m2 in Brasil17. In
our study, annual GFH variation rate was detected
as 4.99 ml/min/1.73 m2.

Patients with new onset diabetic renal diseases
are increasing worldwide. The reason of variations
in progression rate of renal disease may be multi-

No significant difference was detected between the
groups in terms of utilization and distribution of an-
ti-hypertensive medication (p = 0.99) (Table III). 

At the time of admission, the number of pa-
tients with diabetic retinopathy in Group 1, 2 and
3 were 8, 11 and 15, respectively. No difference
was detected between the groups regarding dia-
betic retinopathy (p = 0.33).

At the end of follow-up period, it was detected
that one of the renal replacement treatments were
initiated in a total of 4 patients, 1 patient in Group 1,
1 in Group 2, and 2 patients in Group 3 (p = 0.27). 

At the end of follow-up period, GFR increased
in Group 1 patients. Conversely, continued to de-
crease in the other groups. Laboratory data of the
groups are given in Table IV.

The investigation of the factors affecting the
annual GFR decrease of the patients revealed a
significantly positive correlation between annual
decrease in GFR and systolic blood pressure lev-
els in the last visit, as well as between the rate of
daily protein excretion and parathormone levels,
and significantly negative correlation was detect-
ed between levels of serum albumin, calcium and
hemoglobin, which are demonstrated in Table V. 
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factorial, classified as modifiable and non-modifi-
able13,21. Socio-economic factors such as age, gen-
der and diet, and the increase in the occurrence of
obesity and hypertension play an important role in
the progression of diabetic nephropathy8. In most of
the studies, age14,15, male gender15, low baseline
glomerular filtration rate12-16, fasting blood glucose
level at the time of admission16 and concomitant
retinopathy17 were found to be related with the de-
crease in glomerular filtration rate. Proteinuria itself
was reported as a major risk factor for the progres-
sion of diabetic nephropathy11-13,17,18,22.

The rate of decrease in renal function was found
to be 19-fold higher in diabetic patients with
macroalbuminuria, compared to those without al-
buminuria. In patients with microalbuminuria, the
rate of GFR decrease was found to be significantly
higher (5-fold) than the patients with normoalbu-
minuria. These findings demonstrated an indepen-
dent relation between urinary albumin excretion
and decrease in GFR in diabetic patients23-25. Post
hoc analyzes of HUNT 2 study26 also demonstrated
similar results, and reported that urinary albumin
excretion is a persistent risk factor in progression
to end-stage renal failure. In our investigation, uri-
nary protein excretion was found to be more severe
and in nephrotic levels in patients with rapid pro-
gression. A positive correlation was determined be-
tween the rates of urinary protein excretion and de-

cline of GFR. Similarly, Leehey et al20 found in
their study that the rate of GFR decline increased
in correlation with the elevation in proteinuria.

Blood pressure control is known to be effective
in slowing renal disease progression and preventing
cardiovascular complications in diabetic patients27.
However, blood pressure was not determined
whether to be an important factor in reducing GFR
in diabetic patients with chronic renal disease and
well-controlled blood pressure20. RENAAL study28

reported that blood pressure is not a marker of re-
nal progression. However, analysis of recent data
from RENAAL study29 identified SBP as an im-
portant marker of nephropathy progression. Simi-
larly, IDNT30 study considered high blood pressure
to be effective in progression. Ramipril study31 and
ABCD studies32, reported that blood pressure had
no effect on progression. Leehey et al20 identified
an association between high systolic and diastolic
pressure and GFR decline20. This study also re-
vealed no association between SBP and GFR de-
cline in the case that systolic blood pressure is less
than 140 mmHg. A positive correlation was deter-
mined between high SBP and renal progression in
our study. BP was found to be higher in patients
with increased rate of GFR decline, and treatment
rates were also found to be lower. 

Anemia is a common symptom in diabetic pa-
tients, particularly in those with chronic renal

Group 1 Group 2 Group 3
(n: 35) (n: 42) (n: 45)

Angiotensin-converting-enzyme inhibitor (ACE-i) 16 21 22
Angiotensin receptor blockers (ARB) 12 14 14
Combination therapy with ACE-i and ARB 3 3 4
Calcium channel blocker 4 4 5

Table III. Distribution of anti-hypertensive drugs in the groups.

Group 1 Group 2 Group 3 
(n: 35) (n: 42) (n: 45) p

Glomerular filtration rate (the last) (ml/sec) 51 ± 23.8 35.5 ± 20.3 23 ± 13.9 < 0.001
ΔGFR (the first-the last) (ml/sec) -4.5 ± 6.8 11.7 ± 5.7 26.3 ± 27.7 < 0.001
ΔSKB (the first-the last) (mmHg) 16 ± 30 13 ± 22 5 ± 28 0.196
ΔDKB (the first-the last) (mmHg) 7 ± 14 8 ± 16 8 ± 14 0.883
Urea (mg/dl) 60 ± 38 95 ± 62 135 ± 66 < 0.001
Creatinine (mg/dl) 1.5 ± 0.7 2.4 ± 1.5 3.3 ± 1.3 < 0.001
Albumin (g/dl) 4.26 ± 0.4 4.15 ± 0.4 3.72 ± 0.5 < 0.001
Proteinuria (g/day) 0.93 ± 1.0 0.97 ± 1.1 3.7 ± 3.8 < 0.001
Calcium (mg/dl) 9.7 ± 0.4 9.6 ± 0.7 8.6 ± 1.3 < 0.001
Parathormone (pg/dl) 110 ± 84 193 ± 206 288 ± 225 0.001
Hemoglobin (g/dl) 13 ± 1.6 12.3 ± 2.2 12 ± 2.1 < 0.001
HbA1c (%) 8.2 ± 1.3 8.0 ± 1.6 7.8 ± 1.7 0.721 

Table IV. The end of follow up period laboratory data of the patients in the groups.
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failure accompanied with macroalbuminuria.
While anemia is typically observed when GFR is
between 20 to 40 ml/min in non-diabetic patients
with chronic renal failure, diabetic patients may
experience anemia even without decline of renal
functions. Nevertheless, anemia occurs when
GFR is less than 60 ml/min in most of the diabet-
ic patients (≥ %60)33,34. Reduced hemoglobin lev-
els were shown to increase the risk of end stage
renal failure and mortality in RENAAL study28.
Moreover, similar to other studies13,20,28,30,33,34 we
observed a significant association between the
baseline hemoglobin levels and the rate of GFR
change in our patients.

The benefits of intensive glycemic control in the
prevention of microvascular complications includ-
ing DN was reported in many reports performed on
patients with type 1 and type 2 DM13,20,35-37. A
strong relationship was obtained between HbA1c
levels and DN appearance, and this association was
observed even in the absence of retinopathy and al-
buminuria38. The common characteristics of these
studies are the achievements of targeted reduction
in HbA1c levels. We determined in our study that
HbA1c levels were not associated with GFR de-
cline. We consider that these distinguishing results
may be due to lack of expected HbA1c reductions
because of poorly glycemic control and lack of
achieving targeted goals.

There are some limitations in this study: usage
of retrospective data, and insufficient follow-up
period to determine annual alterations in GFR
and end-stage renal failure. However, the effects
of modifiable factors were clearly observed even
in this short duration. 

Conclusions

There are many factors contributing deteriora-
tion of renal functions in patients with diabetic
nephropathy. Proteinuria was quite effective in

renal outcome and GFR decline, and SBP alter-
ations and improved anemia were shown to be
associated with GFR decline. Moreover, the rate
of GFR change was found to be improved in pa-
tients with similar GFR rates, but with well-con-
trolled SBP and less urinary protein excretion.
Early detection of these factors and achieving
glycemic control may slow the progression of
nephropathy.
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