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Abstract

Aims Type 2 diabetes (T2D) accelerates the decline in glomerular function; however, some individuals do not develop chronic
kidney disease despite advanced age and long-lasting T2D. We aimed to phenotype patients with T2D aged 80 years or older
who presented with a fully preserved kidney function.

Methods From an Italian population of 281,217 T2D outpatients, we collected data on demographics, anthropometrics,
diabetes duration, HbAlc, fasting plasma glucose, lipids, liver enzymes, estimated glomerular filtration rate (¢GFR), albumin
excretion rate (AER), chronic complications, and medication use. We primarily compared patients with a fully preserved
kidney function (eGFR > 90 ml/min/1.73 m? and AER <30 mg/24 h, or G1A1) with those with mild kidney impairment
(eGFR 60-90 ml/min/1.73 m? and AER < 30 mg/24 h, or G2A1).

Results N=113,860 had available data for eGFR and AER, 21,648 of whom were aged >80. G1Al (n=278) and G2A1
(n=6647) patients represented 1.3 and 30.7% of aged T2D patients, respectively, with an average diabetes duration of
16 years. Differences between the G1A1 and G2A1 groups were entered in a multiple logistic regression analysis with and
without imputation of missing data. After adjustment and in both imputed and non-imputed datasets, younger age, lower
BMI and lower triglycerides were associated with fully preserved versus mildly impaired kidney function. The comparison
between G1A1 and G1A2/3 yielded different results.

Conclusions In a rare population of patients with a fully preserved kidney function despite old age and long-lasting diabetes,
lower BMI and triglycerides suggest that protection from lipotoxicity may preserve kidney function over time.
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Italy is one of the western countries with the highest preva-
lence of aging citizens [1, 2]. Due to its aging population,
Italy faces a huge public spending on pensions and age-
related health problems, including type 2 diabetes (T2D)
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[3]. Chronic kidney disease (CKD) is also a major health
burden in aged people, and particularly in those with T2D
[4]. According to population-based studies, the prevalence
of CKD in individuals aged 65 years or older ranges from
35 to 44%, with the highest representation observed in those
aged 80 years and older [5]. While the progressive decline in
glomerular filtration rate (GFR) is a feature of normal aging,
T2D accelerates GFR decline, making diabetic individuals
prone to develop CKD [6, 7]. A recent observation across
Europe has documented a prevalence of CKD stage I1I-V
of 28.5% in France and 27.6% in Germany in people with
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diabetes aged 65—74 years [8]. In the RIACE study, a pro-
spective observational study evaluating about 16,000 indi-
viduals with T2D in Italy [9], the prevalence of CKD stage
I1I-V in the highest age quartile was 34.1% in males and
39.8% in females (AS, unpublished observations). Due to
the worldwide epidemic of T2D [10], end-stage renal disease
(ESRD) will inevitably become a primary health problem,
which will also lead to a progressive increase of the mean
age of people undergoing dialysis, a challenging issue in a
frail population [11, 12]. The size of this problem urgently
calls for strategies to better identify, target, and treat people
at risk to progress towards ESRD and, even more, to die for
cardiovascular disease [13, 14].

On the other hand, likely thanks to a favorable genetic
predisposition, a number of individuals do not develop renal
impairment with age and keep fully preserved renal function
despite diabetes. A detailed characterization of the pheno-
type of this subset of individuals would instruct strategies to
prevent renal dysfunction in large strata of the general and
diabetic population.

Herein, we provide for the first time an extensive com-
parative phenotyping of T2D subjects aged 80 years or
older that exhibit a fully preserved renal function, taking
advantage of a large clinical database on the Italian T2D
population. To this end, we approached a population of
elderly patients with an estimated glomerular filtration rate
(eGFR) > 60 ml/min/1.73 m?, and with a normal albumin
excretion rate (AER <30 mg/24 h or mg/g of creatinine).
We then compared the rare population of patients with fully
preserved kidney function (eGFR >90 ml/min/1.73 m?,)
with those with mild renal impairment (eGFR 60-90 ml/
min/1.73 m?). In parallel, we also compared patients
with versus those without micro-/macro-albuminuria and
eGFR > 90 ml/min/1.73 m?, to evaluate whether determi-
nants of isolated eGFR decline and of isolated AER increase
in this elderly T2D population coincide.

Materials and methods
Study design

This study reports a sub-analysis of the background popula-
tion of the DARWIN-T2D (DApagliflozin Real World evI-
deNce in Type 2 Diabetes) project. DARWIN-T2D was a
multicentre nationwide retrospective study conducted on 46
diabetic outpatient clinics in Italy, supported by the Italian
Diabetes Society. The study collected routinely accumulated
clinical data stored in electronic charts and was primarily
designed to compare the baseline clinical characteristics and
the change in metabolic parameters in patients who were
newly initiated on dapagliflozin, dipeptidyl-peptidase 4
inhibitors, sulphonylurea, or GLP-1 receptor agonists. The
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retrospective analysis was performed by an automated soft-
ware that interrogated the same electronic chart system at all
centers (MyStar Connect [MSC], Me.te.da). Data collection
spanned the period from 13th March 2015 to 31st December
2016. The study design and primary results have already
been published [15, 16].

Source of data

In addition to the subsets of patients who were newly initi-
ated on glucose lowering medications and formed the pri-
mary study cohort, we collected clinical data of the back-
ground population of all patients with a diagnosis of T2D
attending the participating centers, at the last available visit,
irrespectively of medications and with no exclusion criteria.
This total population was comprised of 281,217 patients.

The software automatically extracted the following data
for each patient: age, sex, diabetes duration, height, weight,
body mass index (BMI), waist circumference, smoking sta-
tus, systolic and diastolic blood pressure, fasting plasma
glucose, HbAlc, total cholesterol, high-density lipopro-
tein (HDL) cholesterol, triglycerides concentrations, low-
density lipoprotein (LDL) cholesterol (calculated using the
Friedewald formula [17]), liver enzymes, estimated glo-
merular filtration rate (¢GFR) calculated from serum cre-
atinine according to the CKD-EPI formula [18], albumin
excretion rate (AER). Only one value of eGFR and AER
was used to categorize patients. In the database, AER was
coded using different units of measure (65.5% mg/l or mg/
min; 34.5% mg/24 h or mg/g creatinine). To derive AER
values in the same range of the mg/24 h or mg/g creatinine
(normal value < 30), AER reported as mg/l or mg/min (nor-
mal value < 20) were multiplied by 1.5, assuming a standard
fixed daily urinary volume of 1500 ml. Detailed information
on chronic diabetic complications (retinopathy, neuropathy,
peripheral arterial disease, foot problems, cerebrovascular
disease, and heart disorders) were recorded from the elec-
tronic chart, were they are coded according to the ICD-9
system. Finally, we collected data on ongoing glucose lower-
ing medications and medications for the treatment of con-
comitant conditions, including hypertension, dyslipidemia,
and cardiovascular disease.

Cohort selection

Out of the total population of 281,217 patients, we
retained for further analysis only those for whom eGFR
and AER were both available at the same visit. We then
selected patients aged 80 years or older and the resulting
population was divided into two groups according to the
National Kidney Foundation (NKF) classification [19]:
G1A1 (eGFR>90 ml/min/1.73 m? and AER <30 mg/g
or mg/24 h); G2A1 (eGFR 60-90 ml/min/1.73 m? and
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AER <30 mg/g or mg/24 h). Comparisons were performed
between these two final groups. For an exploratory addi-
tional analysis, we compared patients with G1A1 versus
those with G1A2/3 to evaluate whether the presence of
micro-/macroalbuminuria in individuals with normal eGFR,
was associated with a similar phenotype as the presence of a
mild eGFR impairment with normoalbuminuria.

Statistical analysis

Continuous data are presented as mean + standard devia-
tion, whereas categorical data are presented as percentage.
Continuous data that significantly departed from the nor-
mal distribution upon a Kolmogorov—Smirnov test were log
transformed before analysis. Comparisons of continuous
variables between the two groups were performed using the
2-tail unpaired Student’s ¢ test, whereas comparisons of cat-
egorical variables were performed using the Chi-square test.
After describing the differences between the two groups, a
multiple logistic regression analysis was performed on the
entire dataset with normal kidney function (G1A1) as the
dependent variable and parameters that differed between the
two groups at p <0.10 as explanatory variables. To address
the issue of missing data, we performed a multiple imputa-
tion (MI) procedure. Six imputations were performed using
the Markov chain Monte Carlo (MCMC) method, which
creates multiple imputed datasets using simulations from a

Fig. 1 Study flowchart and
degrees of renal impairment.

a Study flowchart. b Frequen-
cies of the various degrees of
renal impairment in patients
aged < 80 years. ¢ Frequencies
of the various degrees of renal
impairment in patients aged

80 years or older. G classes are
determined according to eGFR
values in ml/min/1.73 m2:
G1>90; G2 60-90; G3 30-59;
G4 15-29; G5< 15. A classes

Age <80 years

Bayesian prediction distribution for normal data. Goodness
of fit of the imputed data versus original data was compared
by evaluating mean and distributions for continuous vari-
ables, and by evaluating percentages for categorical vari-
ables. Then, the logistic regression analysis was performed
on each imputed dataset and coefficient pooled as described
by Rubin [20]. SPSS version 25 was used. As imputation
of a substantial amount of information may result in distor-
tion of the model, we retained only variables that showed a
significant association with normal kidney function in both
the analysis with and without MI. The statistical significance
threshold level was set at p <0.05.

Results
Patients

Figure 1a shows the study flowchart. Of the total 281,217
patients, 167,357 were discarded for missing information
on eGFR (n=149,475) and/or AER (n=155,258). Of the
remaining 113,860 patients for whom both eGFR and
AER were available, 21,648 patients (19.0%) were aged
80 years or older. Prevalence of the various degrees of kid-
ney impairment according to NKF in subjects aged < 80
or 80+ years are shown in Fig. 1b, c, respectively. Among
patients aged 80 years or older, 278 (1.3%) had normal

A Total population
(n =281,217)

eGFR and AER available
(n = 113,860)

T

Age 80+ years

are determined according to (n=92,212) (n =21,648)
albuminuria values in mg/g of
creatinine or mg/24h: A1 <30; ‘
A2 30-300; A3>300 B 40 | C 40 G2ATn = 6647
‘ (30.7%)
30 304 G1A2/3
£ £ n=121
k3 g (0.6%)
8 204 8 204
k] S |G1A1
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0 0
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kidney function, defined as eGFR >90 ml/min/1.73 m?
and AER <30 mg/24 h, or as G1A1 according to NKF.
This rare group of elderly patients was primarily com-
pared with a group of elderly patients with mild kidney
impairment (n=6647; 30.7%), defined as eGFR between
60 and 90 ml/min/1.73 m? with AER <30 mg/24 h, or as
G2A1 class according to NKF. Secondarily, we compared
G1ALl patients with G1A2/3 patients (n=121), i.e., those
with eGFR > 90 ml/min/1.73 m? but AER > 30 (in mg/g
or equivalent).

Comparisons between G1A1 and G2A1

The clinical characteristics of patients in the two main
groups are summarized in Table 1. Patients with G1A1
versus those with G2A1 were younger by 1.3 years, more
prevalently males (58.3 versus 48.7%), with lower BMI
(26.6 versus 27.2 kg/m?) and lower triglyceride levels
(106.5 versus 117.2 mg/dl). There was no significant dif-
ference in blood pressure, glucose control, diabetes dura-
tion, frequency or micro- and macroangiopathy. There
were also no significant differences in the use of glucose-
lowering medications between the two groups. Among
other drugs, use of statin was less frequent and use of cal-
cium channel blockers was more frequent in G1A1 versus
G2A1 patients.

Gender-specific analysis

Among males, the differences between G1A1l and
G2A1 patients remained the same as in the total cohort
for age (82.4+2.9 versus 83.5+3.2 years; p<0.001),
BMI (26.2 +4.5 versus 27.0 +4.0 kg/m?; p=0.034)
and triglycerides (98.0 +41.4 versus 111.8 +56.7 mg/
dl; p=0.003). In addition, liver enzymes tended to
be lower (SGOT 18.0+5.4 versus 18.9+4.8 U/I;
p=0.020-SGPT 16.9 £ 8.6 versus 17.7+8.3; p=0.058)
and AER was significantly lower (mean+SD 17.1 £6.1
versus 18.8 +4.7 mg/24 h; median and IQR: 18 IQR 13-22
versus 19 IQR 15-22 mg/24 h; p=0.019) in G1A1 versus
G2Al, even in the normal range.

Among females, similar trends were detected: the dif-
ference in age between G1A1l and G2A1 was still statis-
tically significant (82.4+3.2 versus 83.9+3.5 years;
p=0.009), but the differences in BMI (27.2 + 6.0 versus
27.4 +4.8 kg/m?; p=0.060) and triglycerides (119.9 +66.2
versus 122.5+57.9 mg/dl; p=0.783) were not statistically
significant.

There was no significant between-gender heterogeneity
in the differences in drug use between the G1A1 and the
G1A2 group.
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Multivariable analysis

Variables that differed at p <0.10 between the two groups
in Table 1 were entered in a multiple logistic regression
analysis to evaluate which was independently associated
with normal kidney function (Table 2). To verify whether
data missingness affected results of this analysis, we per-
formed MI and repeated the logistic regression analysis
on the imputed dataset (Table 2). The variables that were
independently associated with normal kidney function in
the regression analyses performed with and without MI were
age, BMI and triglyceride concentrations. In the original
dataset without MI, only 182 (65%) patients in G1A1 and
5182 (78%) in G2Ala had complete data for all variables
listed in Table 2. As a consequence of reduced sample size,
especially for G1Al, statistical significance for BMI and
triglycerides was borderline. Indeed, significance improved
by analysing the imputed dataset.

When use of statins and of calcium channel blockers were
added to the model, none remained independently associ-
ated with normal kidney function in both the original and
imputed datasets (not shown).

Comparison between G1A1 and G1A2/3

The clinical characteristics of patients in these two groups
are reported in Supplemental Table S1. Patients in the
G1A2/3 group, versus those in the G1A1, had lower sys-
tolic blood pressure (although with no difference in the use
of anti-hypertensive medications), markedly higher levels of
liver enzymes, and a less frequent use of DPP-4 inhibitors.

Discussion

In this study, we phenotyped a rare population of elderly
individuals with a fully preserved kidney function, despite
long-lasting T2D. We elected to compare primarily patients
in the G1A1 NKF class versus those with mild renal impair-
ment (G2A1 class) to avoid the confounding factors of fluid
retention and use of diuretics that are more frequent in
patients with worse degrees of renal dysfunction (CKD stage
IIT or higher). To further screen an ideal normal renal phe-
notype, we first excluded patients with elevations in AER.
The comparison of elderly T2D patients with fully preserved
versus those with mildly impaired kidney function identified
significant and highly consistent differences in age, BMI,
and plasma triglycerides. Since eGFR declines with normal
aging, patients with fully preserved kidney function were
indeed expected to be relatively younger than those with
mild kidney impairment. However, all were aged 80 years
or older and the age difference between the two groups was
very small compared to the eGFR difference. It is of great
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Table.1 Cli.nical characteristics GlA1 G2A1 »
of patients in the two groups
Auvailable (%) Value Auvailable (%) Value Value

Number 278 6647
Age, years 100.0 82.4+3.0 100.0 83.7+3.4 <0.001
Sex male, % 100.0 583 100.0 48.7 <0.001
Active smoke, % 61.9 33.1 70.4 28.8 0.172
Diabetes duration, years 100.0 16.1+11.0 100.0 15.6+10.9 0.627
Weight, kg 68.7 71.4+15.1 80.9 71.5+13.2 0.185
Height, cm 73.0 163.9+9.0 85.9 162.0+9.3 0.004
BMI, kg/m? 67.3 26.6+5.2 80.2 272+4.4 0.004
SBP, mm Hg 62.6 139.1+18.8  70.7 139.5+19.1 0.699
DBP, mm Hg 62.6 74.5+9.0 70.6 75.2+9.1 0.249
FPG, mg/dl 90.6 145.1+49.2 925 141.5+45.0 0.461
HbAlc, % 94.2 73+13 97.2 72+1.1 0.949
Total cholesterol, mg/dl 84.2 164.1+42.5  88.7 168.3+37.6 0.072
HDL cholesterol, mg/dl 82.0 509+15.2 85.9 52.3+14.9 0.115
Triglycerides, mg/dl 84.5 106.5+53.3 879 117.2+57.5 0.003
LDL cholesterol, mg/dl 80.6 92.7+35.3 84.4 92.6+32.1 0.838
SGOT, U/l 97.8 182+5.5 99.7 18.5+4.7 0.068
SGPT, U/l 96.8 17.1+9.4 97.3 16.9+7.6 0.724
eGFR, ml/min/1.73 mq 100.0 97.7+11.4  100.0 74.4+8.2 <0.001
AER, mg/g 100.0 16.7+6.4 100.0 18.5+4.6 0.064
Median (IQR) 17 (13-22) 18 (15-22)
Eye disease 69.4 712

Retinopathy 14.0 16.3 0.725

Maculopathy 2.1 29 0.692
Neuropathy 35.6 332

Peripheral 15.2 20.1 0.348

Autonomic 1.0 0.9 0.783
Lower extremities 36.7 42.0

Atherosclerosis obliterans 21.6 25.0 0.915

Revascularization 2.9 1.6 0.186
Foot disease 38.1 41.2

Amputation 1.9 0.7 0.128

Active wound 6.6 4.9 0.269

History of diabetic foot 13.2 14.4 0.851
Cerebrovascular disease 47.8 50.6

Stroke/TIA 9.0 7.3 0.421

Carotid atherosclerosis 47.4 50.4 0.535
Ischemic heart disease 76.6 9,9 754 12.7 0.165
Any microangiopathy 100.0 13.7 100.0 17.1 0.290
Any macroangiopathy 78.4 41.7 79.0 46.8 0.315
Glucose lowering medications, %  72.3 78.7

Insulin 343 34.0 0.238

Metformin 67.2 65.9 0.966

Sulphonylureas 36.8 334 0.602

Acarbose 2.0 3.0 0.353

Pioglitazione 1.5 2.1 0.847

DPP-4i 25.9 18.2 0.151

GLP-1RA 2.5 0.3 0.507

SGLT2i 1.0 0.3 0.474
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Table 1 (continued)

Gl1Al G2A1 p
Auvailable (%) Value Available (%) Value Value
Other therapies, % 66.9 78.9
APA 55.9 59.2 0.516
Statin 54.3 58.4 0.038
ACEi/ARBs 62.4 68.1 0.143
CCB 34.9 28.5 0.043
Beta-blockers 22.6 30.2 0.057
Diuretics 21.0 23.6 0.389
Tab.le.2 Result:S of the mgltiple Model Variable Original dataset Imputed dataset
logistic regression analysis
Beta+SE p value Beta+SE p value
Model 1 Age —0.276 +0.040 <0.001 —0.168 +0.024 <0.001
Sex male —0.228 +£0.223 0.307 —0.334+0.175 0.050
Height 0.008+0.012 0.528 —0.003+0.009 0.752
BMI —0.037+0.019 0.050 —0.044+0.015 0.004
Total cholesterol —0.001+0.002 0.810 0.001+0.001 0.975
Triglycerides —0.003 £0.002 0.050 —0.003 +£0.001 0.012
SGOT —-0.012+0.017 0.456 —0.025+0.013 0.067

interest that, besides age, triglycerides and BMI were the
only variables significantly and independently associated
with normal kidney function, whereas other known deter-
minants of progressive renal impairment, such as diabetes
duration, blood pressure and glycemic control, did not show
any association. Furthermore, no robust difference was noted
between the two groups in the frequency of other chronic
diabetic complications and in the use of a wide range of
medications. This observation indicates that the two groups
were highly comparable in their natural history, except for
kidney function.

A relationship between triglycerides and renal function in
T2D has already been identified: in the cross-sectional anal-
ysis of the RIACE study, the prevalence of CKD increased
by 7-20% for every decile increase in triglyceride concentra-
tions [21]. Triglycerides predicted the development of CKD
in a similar population of T2D patients over time [22], and
a high triglyceride to HDL cholesterol level was associated
with adverse renal outcomes in CKD [23]. However, a recent
Mendelian randomization study performed in non-diabetic
CKD suggested that genetically higher triglycerides were
not associated with kidney function [24].

A possible explanation for the association we detected
between fully preserved eGFR and lower BMI would be
the presence of sarcopenia that may have resulted in lower
creatinine production. However, sarcopenia is not expected
to be associated with lower age and with lower plasma tri-
glycerides [25, 26]. Thus, although we do not have a direct
measure of insulin resistance, we speculate that lower BMI
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and lower triglycerides concentrations identifies a condition
of better insulin sensitivity in patients with a fully preserved
kidney function. In the last decade, it has been recognized
that lipotoxicity, as can result from obesity and hypertriglyc-
eridemia, contributes to the development of kidney disease
[27]. This can be mediated by ectopic lipid accumulation
in the kidney and by the detrimental effects exerted on the
glomerular filtration barrier by a deranged humoral milieu
including adipokines, cytokines, growth factors, and reactive
oxygen species. In T2D, insulin resistance is considered as
a major player in the early phases of diabetic kidney disease
as well as an accelerator of the decline in glomerular filtra-
tion rate [28]. In patients with eGFR > 60 ml/min/1.73 m?,
as those included in the present study, insulin resistance
may mediate the initial interactions between metabolic and
haemodynamic perturbations that trigger kidney disease.

It is remarkable that BMI and triglycerides were deter-
minants of a fully preserved kidney function even in the
elderly, independently from glycemic and blood pressure
control, and despite a long-lasting diabetes duration. With
aging of the general population and of the diabetic popula-
tion in particular, the clinical phenotyping of normal kidney
function can uncover strategies to preserve renal function
over time. Since kidney function is a determinant of several
health outcomes [29], our data indicate that, even in aged
individuals, avoiding lipotoxicity may ultimately translate
into reduced morbidity and mortality.

Intriguingly, phenotyping aged patients with micro-/
macroalbuminuria despite normal eGFR (G1A2/3) yielded
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differences versus G1A1 that did not reflect those between
GI1A1 and G1A2, liver enzymes being the most striking dif-
ference. A link between non-alcoholic fatty liver disease, the
most common cause of liver enzymes elevation in diabetic
patients, and albuminuria or CKD was shown before and
has a strong biological rationale [30, 31]. In addition, the
less frequent use of DPP-4 inhibitors in aged patients with
micro-/macroalbuminuria may lend support to the micro-
vascular protection exerted by these drugs [32], which are
particularly suitable for the treatment of T2D in the elderly
[33]. Anyway, the comparison between G1A1 and G1A2/3
clearly indicates that eGFR decline and AER increase in
aged diabetic patients are most likely determined by distinct
pathways.

An additional aim of the present study was to describe the
prevalence of the different NFK classes in a large subset of
very elderly people with type 2 diabetes from a real-world
database. The percent of diabetic patients aged 80 years or
older with eGFR < 60 ml/min/1.73 m?, as well as that of
normoalbuminuric individuals, was overall superimposable
to that reported in other studies [34, 35]. However, we would
like to underline that the approach taken by the present study
was a non-traditional one, as it addressed a rare healthy
phenotype rather than a diseased one. In fact, the group of
patients with a fully preserved eGFR despite advanced age
and long-standing diabetes represented only 0.4% of the
total T2D population and only 1.3% of those aged 80 years
or older. In the field of diabetes research, there is a great
interest in the search for factors that protect against chronic
complications [36], in addition to those that promote their
development. A typical study on protective factors in type
1 diabetes is represented by the Joslin Medalist Study [37],
but fewer data on protective factors are available for T2D.

This study has limitations. First, glomerular filtration was
estimated from a single serum creatinine value and using
equations that may not be validated for the elderly popula-
tion, but for whom alternative estimations of kidney function
are not available. It has been shown that the use of a single
eGFR measure can lead to a wrong CKD classification in
up to 25% of cases [38]. Second, AER was determined on
the basis of a single morning urine and had to be converted
from different units of measure. This approach, which is
routinely applied in epidemiological research [39], may
affect the definition of micro- and macro-albuminuria, but
it is less prone to false negatives. As a result, some patients
may have been incorrectly classified in NKF groups based
on single eGFR and AER measure. Finally, a substantial
amount of missing data was expected in a retrospective study
with automated data extraction where no attempt were made
by investigators to fill the gaps, to limit human intervention
and data manipulation. In the multiple regression analyses,
where only patients with complete data are retained, a MI
was needed and we purportedly retained as significant only

variables that were significant with both the original and
imputed datasets: the most relevant results on the differ-
ences in BMI and triglycerides were highly consistent in
the analysis of the dataset with or without MI, implying that
data missingness was not a major bias in the study results.

On the other side, the study has remarkable strengths.
First, the large sample size with nationwide distribution
was representative of the T2D population attending diabetes
outpatient clinics and allowed for the collection of a non-
negligible number of aged individuals belonging to a rare
phenotype of fully preserved kidney function. Furthermore,
patients were extensively characterized in terms of demo-
graphic, biochemical data, complication burden, and medi-
cations, with an uncommonly high degree of detail. Finally,
automatic data extraction from the same electronic chart at
all centers granted uniform data coding, and limited biases
derived from data manipulation or data entry into dedicated
clinical research forms.

In conclusion, we report that the presence of a fully pre-
served kidney function is a rare finding in elderly patients
with T2D, representing 1.3% of all T2D patients aged
80 years or older. This peculiar population of patients
showed lower BMI and lower plasma triglycerides com-
pared with elderly patients with mildly impaired kidney
function. These data imply that avoiding lipotoxicity and
insulin resistance may be a way to preserve kidney function
during aging despite the long-lasting detrimental effects of
hyperglycemia. Since even mild reductions in eGFR was
previously shown to predict mortality [40], strategies to fully
preserve kidney function in the elderly may result in better
outcome and even longer lifespan.
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