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Abstract

Background: We investigated the relationship between serum creatinine (SCr) and estimated glomerular filtration rate
(eGFR), evaluated by different formulae, and all-cause mortality (ACM) in type 2 diabetes mellitus (T2DM) outpatients.
Methods: This observational cohort study considered 1365 T2DM outpatients, who had been followed up for a period
of up to || years. eGFR was estimated using several equations.

Results: Seventy subjects (5.1%) died after a follow-up of 9.8 + 3years. Univariate analysis showed that diagnosis
of nephropathy (odds ratio (OR): 2.554, 95% confidence interval (Cl): 1.616—4.038, p < 0.001) and microvascular
complications (OR:2.281, 95% Cl: 1.449-3.593, p < 0.001) were associated with ACM. Receiving operating characteristic
(ROC) curves showed that the areas under the curve for ACM were similar using the different eGFR equations. eGFR
values were predictors of ACM, and the hazard ratios (HRs) of the different equations for eGFR estimation were similar.
Conclusion: In our cohort of T2DM outpatients, different eGFR equations perform similarly in predicting ACM,

whereas SCr did not.
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Introduction

Type 2 diabetes mellitus (T2DM) increases the risk of
chronic kidney disease (CKD), even if the relationship
between these two conditions is still a matter of debate. In
the 1999-2006 National Health and Nutrition Examination
Survey (NHANES), the prevalence of CKD in patients
with diagnosed, undiagnosed diabetes mellitus (DM), pre-
DM and non-DM was 39.6%, 41.7%, 17.7% and 10.6%,
respectively. Among patients with CKD, 39.1% were found
to have undiagnosed DM or pre-DM.! On the other hand,
pre-DM was not independently related to renal dysfunction
after adjustment for major clinical characteristics.? It should
be considered that only 1.8% of primary care DM diagno-
ses met American Diabetes Association (ADA) criteria.’
Approximately 20%—-30% of patients with DM have dia-
betic nephropathy as a complication,* and in Italy, DM is
the cause of end-stage renal disease in 20% of incident
dialysis subjects.> CKD is a well-established risk factor for
cardiovascular (CV) and all-cause mortality (ACM) in

patients with or without DM, and classification of CKD
should be taken into account in order to correctly prescribe
oral anti-diabetic drugs.”
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In a previous study, we suggested that evaluation of
estimated glomerular filtration rate (eGFR) with different
equations may differently classify CKD stages in T2DM
patients.® Data about the impact of eGFR with different
equations on ACM in T2DM are scarce. Therefore, we
conducted a prospective, longitudinal, observational study
in order to investigate the possible relationship between
renal function, evaluated both with serum creatinine (SCr)
and different eGFR formulae, and ACM in a cohort of
T2DM consecutive outpatients.

Patients and methods

This prospective, longitudinal, observational study, in
agreement with the terms of the Declaration of Helsinki as
revised in 2000, included a cohort of Caucasian T2DM
outpatients consecutively observed at the referral centre of
the University Hospital of Ferrara between January 1996
and December 2006. Exclusion criteria were missing data
and being on renal replacement therapy (RRT). At the first
enrolment visit, height and weight were measured, and
body mass index (BMI) was calculated as weight (kg)/
height (m?). Blood samples for serum determination of
creatinine, glucose, glycated haemoglobin (Variant II
HbA2/HbAlc Dual Program), total cholesterol, high-den-
sity lipoprotein cholesterol (HDL-C) and triglycerides
(Cobas c, Roche Diagnostics, Mannheim, Germany) were
drawn in the morning after 12 h fasting. Low-density lipo-
protein cholesterol (LDL-C) was calculated by the
Friedewald equation. SCr level assays were performed
with the Jaffe method on a Hitachi Modular (Roche
Diagnostics, Mannheim, Germany). Also subjects with
pre-existing diagnosis of nephropathy, microalbuminuria
and macroalbuminuria were included. The variables were
analysed as categorical ones (i.e. presence/absence). Office
blood pressure (BP) was measured with a mercury sphyg-
momanometer under standardized conditions (between 9
and 11 a.m., after 10 min rest in the sitting position, with
no meal, alcohol or caffeine ingestion in the two preceding
hours). Averages from at least three measurements, taken
during three different visits performed at the beginning of
the study, were calculated. Moreover, age, sex, data about
the presence of micro or macroalbuminuria, dyslipidaemia
and the presence of history of smoking habit, hyperten-
sion, coronary artery disease (CHD), peripheral arterial
disease (PVD), cerebrovascular disease (CeVD), periph-
eral neuropathy and diabetic foot were recorded, along
with the use of anti-hypertensive and lipid-lowering drugs.

For each patient, renal function was evaluated by eGFR
using the following equations.

e Modification of diet in renal disease (MDRD)
186 formula:® GFRyprpise=186 % (SCr)~ 154 x [age
(years) 0203 x(0.742 if female) x (1.212 if African-
American)];

e MDRDI175 formula:'® GFRyprpi7s=175%(SCr)
~L134x [age (years)™0203x(0.742 if female)x (1.212
if African-American)];

e Mayo Clinic Quadratic formula:!! GFRyuyo=
exp[1.911+5.249/SCr—2.114/SCr?>—0.00686 x age
(years)—0.205 (if female)];

e Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula:!2

o If female and if SCr < 0.7mg/dL: GFRp.
gp1= 144 x SCr/0.770329x 0.9932¢°

o If female and if SCr > 0.7mg/dL: GFRxp.
gp1= 144 x SCr/0.771209x 0.993a¢e

o If male and if SCr < 0.9mg/dL: GFRp.
gpr= 141 % SCr/0.970411x 0.993ag¢

o If male and if SCr > 0.9mg/dL: GFRp.
gpr= 141 xSCr/0.971209x 0.993a¢e

o Cockcroft-Gault formula:'> GFR.;=[140—age
(years)] xbody weight (kg)/72xSCr (mg/dL)]
(x0.85 if female).

o Schaeffner’s equation:'* GFRyq; =3736 x[SCr0%7]
x [age 093] x 0.82 (if female).

Duration of follow-up was 9.8 + 3 years, and ACM was
the primary end-point. The data on deaths during the fol-
low-up period were drawn from the database of the Emilia-
Romagna region of Italy.

Statistical analysis

Data were expressed as mean + standard deviation (SD) or
as percentage. The primary outcome was ACM. Survivors
and deceased were compared using the chi-square test for
estimating the occurrence of categorical variables and
t-test and Mann—Whitney for parametric and non-paramet-
ric continuous variables, respectively. In order to analyse
the prediction of ACM due to impaired renal function,
receiving operating characteristic (ROC) curve analysis
was performed. Cox regression analysis for hazard ratio
(HR) calculation was also performed in order to determine
the independent prognostic factors for ACM. Age, anthro-
pometric parameters, biochemical variables, eGFR evalu-
ated with different formulae, presence or absence of
microalbuminuria, macroalbuminuria, microvascular and
macrovascular complications were the independent varia-
bles. All p-values were two tailed, with statistical signifi-
cance defined as p < 0.05. SPSS for Windows was used as
a statistical system (SPSS, Version 13; SPSS Inc., Chicago,
IL, USA).

Results

The clinical and biochemical data of the 1365 patients
enrolled, as recorded at the start of the study, are
shown in Table 1. The mean age of the population was
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58 + 10years, 296 subjects (21.7%) had diagnosis of
nephropathy, 153 (11.2%) had microalbuminuria, 36
(2.6%) had macroalbuminuria, 161 (11.8%) had macro-
vascular complications, 416 (30.5%) had microvascular
complications and 70 (5.1%) died during the follow-up.
The majority of deaths were due to CV diseases (85%).
Biochemical, clinical data, SCr and eGFR derived with
different formulae of the whole population, survivors and
deceased are shown in Table 2. Deceased patients had

Table I. Clinical and biochemical data of the 1365 type 2
diabetes mellitus outpatients.

Parameters All
Male/female (n/n) 549/816
Microalbuminuria, n (%) 153 (11.2)
Macroalbuminuria, n (%) 36 (2.6)
Current or ex-smokers, n (%) 116 (8.5)
Dyslipidaemia, n (%) 1096 (80.3)
Hypertension, n (%) 1002 (73.4)
Coronary artery disease, n (%) 95 (7)
Peripheral arterial disease, n (%) 53 (3.9)
Cerebrovascular disease, n (%) 20 (1.5)
Retinopathy, n (%) 131 (9.6)
Peripheral neuropathy, n (%) 35(3.9)
Nephropathy, n (%) 296 (21.7)
Diabetic foot, n (%) 22 (1.6)
Anti-hypertensive drugs, n (%) 821 (60.1)
Lipid-lowering drugs, n (%) 661 (48.4)

higher mean age, lower BP and lower ¢GFR than survi-
vors, while prevalence of micro- or macroalbuminuria,
smoking history, hypertension, CHD, PVD, CeVD, retin-
opathy, peripheral neuropathy and diabetic foot had simi-
lar prevalence in the two groups; 37.8% of the survivors
and 24.3% of the deceased patients were on statins
(»=0.022). On the other hand, univariate analysis showed
that diagnosis of nephropathy (OR: 2.554, 95% CI:
1.616—4.038, p < 0.001) and microvascular complica-
tions (OR: 2.281, 95% CI: 1.449-3.593, p < 0.001) were
associated with death, being the two complications more
prevalent in deceased than in survivors (41.4% vs 20.6%,
p <0.001 and 50% vs 29.4%, p < 0.001, respectively).
Kaplan—Meier survival curve of subjects with and with-
out diagnosis of nephropathy at the beginning of follow-
up is shown in Figure 1.

ROC analysis showed that areas under the curve (AUC)
were similar using the different equations for eGFR calcu-
lation; all equation areas were superior to the SCr AUC
(Figure 2). ROC curves were calculated for different time
periods, 10 and 15 years, but the results were not different.

In order to evaluate the relationship between the differ-
ent eGFR equations and ACM, we calculated HR and 95%
CI by Cox regression analysis. ACM was the dependent
variable, and eGFR and the other parameters were the inde-
pendent ones. Age was the major risk factor for ACM (HR:
1.087, 95% CI: 1.055-1.121, p < 0.001). However, taking
out age from the model in order to avoid overadjusting for
age also eGFR values were predictors of ACM. The HRs of

Table 2. Clinical and biochemical data and renal function estimated by different equations in the whole population, survivors and

deceased.

Whole population Survivors Deceased p

(n=1365) (n=1295) (n=70)
Age (years) 5810 578+ 10 64.5 £87 <0.001
Body mass index (kg/m?) 29.7£53 298 +53 28.6 £52 NS
Glycated haemoglobin (%) 74+ 13 74+ 13 72+ 1.6 NS
Systolic blood pressure (mmHg) 136 + 14 136 £ 15 132+ 15 0.025
Diastolic blood pressure (mmHg) 787 79+7 77+7 0.018
Total cholesterol (mg/dL) 186 + 39 185 + 38 184 + 42 NS
LDL-cholesterol (mg/dL) 105 + 34 105 + 34 106 + 35 NS
HDL-cholesterol (mg/dL) 50 £ 14 50+ 14 49+ 14 NS
Triglycerides (mg/dL) 158 + 96 149 £ 65 149 + 68 NS
Serum creatinine (mg/dL) I.1 £0.6 1.07 + 0.64 1.53 + 1.06 <0.001
GFRyprp 186 (ML/Min/1.73m?) 77.7 £265 78.6 £25.9 62.3 304 <0.001
GFRyprp 175 (ML/Min/1.73m?) 73.0 £249 739 £244 58.6 £ 28.5 <0.001
GFRyavo (ML/min/1.73 m?) 90.3 £26.7 914 £257 723 £ 347 <0.001
GFR«p.gp (ML/min/1.73 m?) 764 +242 774 +£23.6 59.8 £27.9 <0.001
GFRc. (mL/min) 95.0 £ 40.4 96.1 + 40.1 73.4 £ 405 <0.001
GFRgs; (mL/min/1.73 m?) 769 +31.9 78.2 + 32.1 549 +22.1 <0.001

LDL: low-density lipoprotein; HDL: high-density lipoprotein, SCr: serum creatinine; GFRypgp gs: Modification of Diet in Renal Disease (MDRD) 186
formula; GFRyprp 75 MDRD 175 formula; GFRyayo: Mayo Clinic Quadratic formula; GFR¢p gpi: Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula; GFR(_: Cockcroft—-Gault formula; GFRy: Schaeffner’s equation.

Survivors and deceased subjects are compared.
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Figure 1. Kaplan—Meier curves of patients with and without diagno

the different equations for eGFR estimation were similar
(Table 3).

Discussion

The main result of this study is that eGFR correlates with
ACM, whereas SCr does not. It has to be emphasized that
we did not aim to precisely calculate renal function in
order to classify kidney damage rather to evaluate the
prognostic impact of different equations on ACM in T2DM
outpatients. From a clinical point of view, the key-point of
this study is that in the everyday medical practice, in
T2DM outpatients, it is important to consider eGFR, while
how to evaluate it appears to be not so crucial. In fact, the
impact of eGFR is independent from the equation used.
We suggest that combined T2DM and renal dysfunction
lead to poor outcome. Again, we did not aim to evaluate
the classic CV risk factors leading to widespread athero-
sclerotic vascular damage, responsible for both CV mor-
tality and renal failure, but to define the clinical impact of
eGFR in subjects with T2DM. In this study, we focused on
renal dysfunction ‘per se’ in subjects with T2DM without
considering at which CKD stage patients belonged to. To
the best of our knowledge, there are a few data about
eGFR, SCr and prediction of ACM. We found that in
T2DM patients, a simple tool such as the eGFR is a predic-
tor of ACM.

sis of nephropathy at the beginning of follow-up.

Interestingly, even if the equations commonly used in
clinical practice are based on SCr levels, the determination
of SCr alone could not predict mortality, since its levels are
affected by protein intake and muscle mass. Earley et al.!
systematically reviewed the performance of eGFR equa-
tions including formulae originally developed using stand-
ardized SCr measurements. Their study included GFRy;prpy
and GFR kp_gpi; however, neither GFRyprp nor GFR k.
ep; €quations were optimal for all populations and GFR
ranges. In our study, we included both equations based on
standardized SCr measurements and equations based on
non-standardized SCr measurements, and we could not
find any difference in the prediction of different formulae
on ACM.

Evaluation of renal function is a well-established medi-
cal action in T2DM; however, determination of SCr is still
widely used, although the ADA!® suggests to evaluate
e¢GFR by the MDRD equation. Wells et al.!” created a mor-
tality risk calculator for T2DM patients, and eGFR was
one of the parameters needed. Although T2DM is an inde-
pendent risk factor for mortality, its impact on mortality
when renal function is normal is greatly reduced.!® Renal
impairment per se is an independent risk factor for in-hos-
pital mortality due to myocardial infarction and stroke, %20
and DM did not change mortality risk associated with
renal dysfunction in subjects with CV disease.?! It is pos-
sible that high mortality risk secondary to DM could be
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Figure 2. ROC curve analysing sensitivity and specificity and area under the curve for all-cause mortality of serum creatinine
(SCr) and different values of GFR estimated by different formulae. GFRyprp56: Modification of Diet in Renal Disease (MDRD)
186 formula; GFRyprp 751 MDRD 175 formula; GFRyayo: Mayo Clinic Quadratic formula; GFR¢p_gp: Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula; GFR. ¢: Cockcroft—Gault formula; GFRgs,: Schaeffner’s equation.

ROC: receiving operating characteristic; GFR: glomerular filtration rate; Cl: confidence interval.

related to development of diabetic nephropathy, since its
development is associated with fivefold higher risk of
mortality.?

As for the formulae, CKD-EPI could help in diagnos-
ing CKD in patients with high CV risk such as those with
T2DM,!? and analysis of data from Renal Insufficiency
And Cardiovascular Events (RIACE) Italian Multicentre
Study highlighted that evaluating eGFR in T2DM sub-
jects using the CKD-EPI equation, as compared with the
MDRD formula, resulted in reduced CKD prevalence
and provided a better definition of global CV disease
burden.??

Targher et al.?* performed an observational longitudinal
study enrolling 2823 Italian T2DM patients aiming to
compare the performance of the MDRD and CKD-EPI for-
mulae in predicting ACM and CV disease mortality during
a follow-up of 6years. Characteristics of their population
were not very different from those of patients in our study.
Subjects were aged 68 years; 73% were on anti-hyperten-
sive agents, 46% on lipid-lowering agents, 57% on oral

Table 3. Results of the Cox regression analysis.

HR  95%Cl p

GFRyoroias (ML/min/1.73m2)  0.987  0.976-0.998  0.026
GFRyoroizs (ML/min/1.73m?) 0987  0.975-0.998  0.026
GFRuavo (ML/min/1.73m2) 0986 0.976-0.996  0.005
GFRooem (MU/min/1.73m2) 0982  0.971-0.993  0.002
GFR.¢ (mL/min) 0990 0.982-0.998  00l1
GFRg, (mL/min/1.73m?2) 0972 0.960-0.984 <0.00l

GFRypro1gs: Modification of Diet in Renal Disease (MDRD) 186
formula; GFRyprp 175 MDRD 175 formula; GFRyayo: Mayo Clinic
Quadratic formula; GFR¢p_gpi: Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula; GFR(_s: Cockcroft—Gault formula;
GFRgs;: Schaeffner’s equation.

hypoglycaemic drugs and 32% on insulin therapy; and
mean HbAlc values were 7.5 + 1.5%. eGFR was
76.7 £ 23mL/min/1.73m?> by MDRD equation and
76.5 £ 19 mL/min/1.73 m? by CKD-EPI formula. In total,
11% of patients died during follow-up, 152 of whom
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(5.4%) died of CV disease. The authors found that the
CKD-EPI equation identified a greater number of all-cause
deaths than the MDRD formula (124 vs 120 deaths) and
concluded that in patients with T2DM, CKD-EPI formula
could provide a more accurate risk prediction of ACM and
CV disease mortality than the MDRD equation (AUC:
0.712 vs 0.679, p < 0.001). In our study, the AUCs were
similar, and only GFR estimated by Schaeffner’s equa-
tion'* showed a higher value. On the other hand, it should
be underlined that GFRyq, has been conceived to estimate
kidney function in subjects aged 70years or older.
However, age is a well-established risk factor for both CV
mortality and ACM. On the other hand, age is a key vari-
able in GFR calculation with any formula, and age and
GFR are highly correlated. Considering age and GFR in
the same model could create overadjustment; therefore,
different models should be created including age or GFR
as the independent variable.

Our study has limitations. First, mortality rate and total
number of death were low, suggesting the possibility that
either the population studied was too small or the duration
of follow-up was too short. Besides, we evaluated GFR
only at the first enrolment visit, and we did not record any
variation during the study period. We also did not record
variations in any of the considered parameters during the
follow-up. Moreover, we only considered ACM without
recording cardiovascular mortality ‘per se’, due to the low
number of non-CV death. Based on the higher proportion
of subjects treated with statins in survivors than in deceased
group, a possible significant impact of cardiovascular
death can only be suggested. The mean age of our popula-
tion was 58 years, and the proportion of subjects with car-
diovascular complication at the start of the study was quite
low; on the other hand, about 22% of subjects had diabetic
nephropathy and more than 10% had microalbuminuria.
Yu et al.?> conducted a cohort study to evaluate the rela-
tionship between proteinuria, GFR and mortality in sub-
jects with T2DM. Patients with proteinuria had higher rate
of mortality; however, patients with both proteinuria and
GFR <60mL/min/1.73m? had higher ACM than those
with proteinuria only. Moreover, Barkoudah et al.?® sug-
gested that decreasing renal function is probably stronger
than microalbuminuria in predicting death. On the other
hand, it has been reported that atherosclerotic vascular
damage is higher in the presence of renal dysfunction.?’

Last but not least, our study is single-centre based and
included only Caucasian subjects. Therefore, our results
may not be generalizable. However, in a previous investi-
gation conducted with a similar design in older subjects
admitted because of cardio-renal syndrome, we found that
evaluation of GFR with whatever formula, but not SCr,
could predict long-term mortality.?® Finally, we confirmed
that in subjects with metabolic derangements, treatment
with statins could impact survival.?®

For the everyday clinical practice in T2DM patients,
the best biomarker is GFR evaluation, independent of
the formula used, and physicians should not rely on SCr
only. Our results regarding the relationship between
e¢GFR and ACM are not different from those published
in a large observational population-based cohort of
T2DM patients enrolled in the National Diabetes
Register (NDR) in Sweden between 2003 and 2006 with
a follow-up of 5.7 years.?* Out of more than 66,000 sub-
jects, a total of 10% of patients experienced a CV event,
and 3.7% of these were fatal. Increasing levels of albu-
minuria and renal impairment were independently asso-
ciated with increasing risk of CV events and ACM.
Moreover, authors reported that in normoalbuminuric
patients, a reduction in renal function was an important
predictor of CV events and ACM. In this study, renal
impairment, defined as eGFR < 60 mL/min/1.73 m?, was
reported in 17% of population; however, eGFR was not
analysed as a continuous variable as we did. In our study,
patients were younger and nephropathy was diagnosed
in 21.7% of cases, and these data could explain some
difference in results; in fact, proteinuria was not inde-
pendently associated with ACM, although micro and
macroalbuminuria was analysed similarly. Moreover, in
our study, the presence of microvascular complication
was associated with death in the univariate analysis but
not in the multivariate ones.

To the best of our knowledge, this is the first study that
made an attempt to analyse the impact of different GFR
equations as long-term prognostic factor in T2DM outpa-
tients. GFR calculation and the evaluation of its reduction,
with any equation, should be a critical step to better define
the highest risk patients and arrange the most appropriate
therapeutic strategy.
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