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ABSTRACT 

Background. This study investigated the prevalence and clinical correlates of renal phenotypes in two cohorts of type 2 
diabetes ( T2D ) patients, assessed temporal trends, and evaluated associations with treatment regimens. These figures 
wer e compar ed to those pr eviousl y r ecorded in a similar, r eal w orld cohort 15 y ears earlier in Italy. 
Methods. Clinical data from 378 914 T2D patients attending the AMD network in 2023 in Italy were retrieved and 

compared to a similar cohort of prevalent patients in 2009. Renal phenotypes were classified as isolated albuminuria, 
isolated reduced eGFR ( < 60 ml/min/1.73 m 

2 ) , or both. Multi v ariate logistic r egr ession identified factors associated with 

these phenotypes. 
Results. In the 2023 study cohort, 51.3% of patients showed pr eserv ed r enal function, 17.9% had isolated low eGFR, 17.4% 

had isolated albuminuria, and 13.3% exhibited both conditions. Female gender was independently associated with 
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isolated low eGFR ( OR = 1.28 ) , whereas male gender was linked to albuminuria. Age was significantly related to both 

r enal a bnormalities, while longer dia betes duration incr eased the likelihood of low eGFR. 
Conclusions. Compared with the 2009 cohort, the prevalence of CKD in T2D remains stable in 2023, with albuminuric 
phenotypes decreasing and isolated low eGFR phenotypes increasing. These trends may reflect the aging population and 

ev olving tr eatment practices, including a gr owing use of ne phr opr otecti v e a gents such as RAS inhibitors, SGLT2 
inhibitors, and GLP-1 r ece ptor a gonists as well as better contr ol of b lood pr essur e. Longitudinal ad hoc studies ar e needed 

to address changing clinical scenarios. 

Ke yw ords: albumin uria, chr onic kidney disease, estimated glomerular filtr ation r ate, type 2 diabetes mellitus ( T2D ) 
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KEY LEARNING POINTS 

W ha t was known: 
� In the last two decades, there has been a significant impr ov ement in the management of type 2 diabetes, thanks also to the 

introduction in the clinical practice of new classes of drugs. 
� Mor e r ecentl y, howev er, ther e is evidence of a change in the epidemiology of kidney complications. 

This study adds: 
� This study investigated the prevalence and clinical correlates of renal phenotypes in a cohort of type 2 diabetes ( T2D ) 

patients, assessed temporal trends over a 15-year period, and evaluated associations with treatment regimens. 

Potential impact: 
� The diabetic population is aging, the prevalence of CKD is stable, the albuminuric phenotype is decreasing, and the pheno- 

type associated with low eGFR is increasing. 
� These changing renal presentations may be the results of new therapeutic regimens but at the same time could bear influ- 

ence on treatment choices in clinical practice. 

NTRODUCTION 

hronic kidney disease ( CKD ) is a major public health concern. It 
lready affects ∼1 in 10 individuals worldwide and is estimated 

o become the fifth leading cause of death by 2040 [ 1 , 2 ]. CKD is 
tr ongl y linked to increased mortality and morbidity, primarily 
ue to car dio v ascular complications. Dia betes, particularl y type 
 diabetes ( T2D ) that constitutes > 90% of all diabetes cases, re- 
ains the primary cause of CKD [ 3 ]. CKD in patients with di- 
 betes r e pr esents a significant burden on national health ser- 
ices, accounting for a large proportion of all cases of end-stage 
idney disease: nearly half in the USA and 20% in the EU [ 4 ]. 
ndeed, several studies have shown that both increased urinary 
lbumin excretion ( UAE ) [ 5–11 ] and reduced GFR [ 5 , 6 ] are inde- 
endent predictors of CV events. 

In the last two decades, there has been a significant impr ov e- 
ent in the management of type 2 diabetes, with a trend to war d 

etter control of several modifiable risk factors such as arterial 
ypertension, dyslipidemia, and obesity, thanks also to the in- 
roduction of new classes of drugs such as of sodium-glucose 
otransporter 2 inhibitors ( SGLT2i ) and glucagon-like peptide 1 
 ece ptor a gonists ( GLP-1 RA ) [ 12 , 13 ]. As a consequence , w e have 
bserved a declining rate of mortality and morbidity for CV dis- 
ase or amputation while the risk for ESKD r emained sta b le [ 14 , 
5 ]. 

In 2009, we r e ported that 36%, 24%, and 12% of patients had 

lbuminuria, low eGFR, and both albuminuria and low eGFR, re- 
pecti v el y [ 16 ]. Similar data were also reported by another Italian 

tudy, although in a smaller population [ 17 ]. 
The pr esent r e port offers an updated analysis of pr ev alent 

enal phenotypes and their clinical and biochemical correlates 

based on a large cross-sectional survey conducted in 2023 in
Italy. These data may be r elev ant to inform clinical decision-
making and impr ov e outcomes in patients with CKD and T2D. 

MATERIALS AND METHODS 

Data are derived from an initiative of the Italian Association of
Clinical Diabetologists [Associazione Medici Diabetologi ( AMD ) ],
esta b lished in 2004 for continuous monitoring and impr ov e-
ment of diabetes care [ 18–20 ]. The initiative involves 296 dia-
betes clinics, all using an electronic clinical record system for 
the ev er yday mana gement of outpatients. Ad hoc softw ar e w as
developed to extract information from these clinical databases.
Data from all participating centers were collected anonymously 
and centrall y anal yzed [ 18–20 ]. The data base includes infor-
mation on all patients with T2D who are receiving care dur-
ing the period between 1 J an uar y 2004 and 31 December 2023.
In accordance with national guidelines governing retrospective 
studies utilizing anonymized data, the r equir ement for obtain- 
ing informed consent from patients was not applica b le. The
core dataset included measurements of HbA1c, blood pressure,
serum cr eatinine, urinar y albumin excr etion, total cholester ol,
low-density lipopr otein cholester ol ( LDL ) , high-density lipopr o-
tein cholesterol ( HDL ) , and triglycerides. Estimated glomerular 
filtr ation r ate ( eGFR ) was estimated for each patient by using
the Chronic Kidney Disease Epidemiology Collaboration formula 
deri v ed fr om serum cr eatinine v alues [ 21 ]. Albumin uria w as di-
agnosed if the urinary albumin concentration was > 30 mg/l, if
the urinary albumin excretion rate was > 20 μg/min, or if the
urinar y albumin-to-cr eatinine ratio w as > 2.5 mg/mmol in men
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F igure 1: Pre valence of four renal phenotypes among the studied cohort ( 2023 ) . 

Figure 2: Renal phenotypes: comparison between the 2009 and 2023 cohorts. 
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r 3.5 mg/mmol in women. Renal risk was assessed using the 
DIGO classification [ 22 ]. 

Renal phenotypes were assessed using AMD-Annals data for 
023. A total of 378 914 participants with DM2, for whom albu- 
inuria and eGFR information w ere available , w ere evaluated. 

atients with missing data on key v aria b les wer e excluded fr om 

he analysis. 
Descripti v e data are summarized as mean and standard de- 

iation for continuous variables and percentages for categorical 
 aria b les. Multi v ariate logistic r egr ession anal yses, with back- 
 ard v aria b le selection, wer e performed to ev aluate factors in- 
e pendentl y associated with an increased likelihood of hav- 

ng isolated low eGFR, isolated albuminuria, or the simultane- 
us presence of low GFR and albuminuria. The reference cate- 
ory included patients with absent albuminuria and with eGFR 

60 ml/min/1.73 m 

2 . The following cov ariates wer e tested be- 
ause of a pr ov en or suspected relationship with the follow- 
ng outcomes: ag e, g ender, BMI, diabetes duration, HbA1c, sys- 
olic and diastolic b lood pr essur e , total c holesterol, LDL c holes- 
er ol, HDL cholester ol, trigl ycerides, r etinopathy, and glucose- 

lo wering, lipid-lo wering and antihypertensi v e a gents. Multi v ari-
a b le models wer e used to explor e inde pendent associations with
renal phenotypes and were not intended for pr edicti v e mod-
eling. Results are expressed as odds ratio ( OR ) and their 95%
confidence interv al. Statistical anal yses wer e performed with
SAS softw ar e, v ersion 9.4 ( SAS Institute Inc., North Carolina,
USA ) . 

RESULTS 

A total of 378 914 participants with T2D attending diabetes cen-
ters in Italy in the year 2023, for whom information on albumin-
uria and eGFR was available , w ere evaluated. 

Figure 1 shows the prevalence of the four renal phenotypes in
the study population. Half of the patients ( 51% ) had normal re-
nal function ( i.e. normoalbuminuria and eGFR ≥60 ml/min ) , 18%
had an isolated reduction in eGFR, 17% had isolated albumin-
uria, and the remaining 13% presented with both albuminuria
and a reduction in eGFR. 
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Table 1: Characteristics of the 2023 study cohort, o ver all and according to renal phenotype ( data are mean ± standard de via tion, median, and 
IQR or percentages ) . 

Characteristics Overall 
Albuminuria, no 

eGFR ≥60 ml/min 
Albuminuria, no 

eGFR < 60 ml/min 
Albuminuria, yes 
eGFR ≥60 ml/min 

Albuminuria, yes 
eGFR < 60 ml/min 

N ( % ) 378.914 194.492 ( 51.3 ) 67.852 ( 17.9 ) 66.076 ( 17.4 ) 50.494 ( 13.3 ) 
Males ( % ) 59.3 57.8 50.5 68.6 65.1 
Age ( years ) 69.8 ± 10.9 66.9 ± 10.6 75.6 ± 8.9 67.8 ± 10.8 75.9 ± 8.9 
BMI ( kg/m 

2 ) 28.7 ± 5.4 28.6 ± 5.4 28.7 ± 5.3 28.9 ± 5.6 28.8 ± 5.4 
Duration of T2D ( years ) 13.2 ± 9.8 11.6 ± 9.1 15.5 ± 10.3 12.7 ± 9.4 17.2 ± 10.4 
HbA1c ( % ) 7.1 ± 1.2 7.0 ± 1.1 7.1 ± 1.1 7.2 ± 1.3 7.2 ± 1.2 
LDL cholesterol ( mg/dl ) 81.2 ± 31.9 83.1 ± 32.1 78.3 ± 30.5 81.5 ± 32.9 76.8 ± 31.4 
Systolic blood pressure ( mmHg ) 134.5 ± 18.3 133.7 ± 17.7 132.6 ± 18.2 137.0 ± 18.9 136.7 ± 19.6 
Diastolic blood pressure ( mmHg ) 76.3 ± 10.1 76.9 ± 9.8 74.2 ± 9.9 77.6 ± 10.3 74.9 ± 10.3 
eGFR ( ml/min/1.73 m 

2 ) 70.4 ± 26.4 85.3 ± 13.6 39.5 ± 18.4 84.1 ± 14.2 36.8 ± 17.0 
Smoking ( % ) 17.6 17.5 11.3 25.3 16.8 
Retinopathy ( % ) 13.2 11.0 13.6 14.9 19.4 
Major car dio v ascular ev ent ( % ) a 15.6 11.6 19.8 15.7 25.1 

a My ocardial infar ction, stroke , cor onar y r ev ascularization, cor onar y by-pass, peripheral r ev ascularization, peripheral by-pass 

Table 2: Pharmacological treatments according to renal phenotype in 2023 cohort ( data are percentages ) . 

Characteristics 
Albuminuria, no eGFR 

≥60 ml/min 
Albuminuria, no eGFR 

< 60 ml/min 
Albuminuria, yes eGFR 

≥60 ml/min 
Albuminuria, yes eGFR 

< 60 ml/min 

N ( % ) 194 492 ( 51.3 ) 67 852 ( 17.9 ) 66 076 ( 17.4 ) 50 494 ( 13.3 ) 
Metformin ( % ) 83.5 55.2 83.2 42.2 
Sulphonylureas 5.6 6.3 6.2 5.6 
Glinides 0.5 1.5 0.5 1.6 
Pioglitazone 4.5 3.9 3.9 3.1 
Acarbose 0.9 1.8 0.9 1.9 
DPP4i 17.8 27.4 16.8 26.8 
SGLT2i 36.6 39.1 43.1 40.9 
GLP1-RA 35.2 31.8 36.9 31.7 
Insulin 26.0 38.9 35.2 52.1 
Lipid-lowering agents 70.6 74.5 71.2 74.7 
Antihypertensi v e drugs 63.2 80.9 69.0 82.7 
ACEi/ARBs 82.2 77.8 83.7 74.7 
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Figur e 2 compar es the curr ent pr ev alence of the four pheno- 
ypes observed in the 2023 cohort with that recorded in 2009. The 
r ev alence of patients with normal renal function has slightly 
ecreased in 2023 from 53% to 51% ( relative reduction of 2.5% ) ; 
eople with exclusi v e r eduction of eGFR incr eased fr om 11% 

o 18% ( r elati v e incr ease of 58% ) , and those with isolated al- 
umin uria decr eased fr om 24% to 17% ( r elati v e r eduction of 
7% ) . Those presenting with both albuminuria and reduced eGFR 

lightl y incr eased fr om 12% to 13% ( r elati v e incr ease of 9.0% ) . 
Ta b le 1 shows the c har acteristics of the 2023 cohorts based 

n renal phenotype. The prevalence of male gender was higher 
n association with albuminuria, while the mean age and mean 

uration of diabetes were higher in patients with reduced eGFR. 
bA1c values are slightly higher in the other groups compared 

ith participants with normal renal function. Participants with 

oth albuminuria and reduced eGFR showed higher triglyceride 
alues, low er HDL c holesterol values, and higher average blood 

r essur e v alues. They also had a higher pr ev alence of micr o and 

acr ov ascular complications. 
Ta b le 2 shows current treatments in different renal pheno- 

ypes. Metformin use, as expected, w as substantiall y lower in 

ubgroups c har acterized by reduced glomerular filtr ation r ate , 
n which the prescription of DPP4i use was conversely higher. 

The use of SGLT2i and GLP-1 RA w as particularl y high in partici-
pants with albuminuria only ( 43% ) . Insulin treatment was more 
commonl y pr escribed in patients with albuminuria and reduced 

eGFR ( 52% ) . 
Ta b le 3 compar es the c har acteristics of patients in 2009 with

those in 2023 within each of the four renal phenotypes. Data
show an increase in the pr ev alence of males in low eGFR groups
in the 2023 cohort. In general mean age and duration of diabetes
were higher in this more recent cohort. Furthermore, there was a
substantial impr ov ement in all gr oups in meta bolic contr ol, lipid
pr ofile, and b lood pr essur e v alues, as well as a reduction in the
pr ev alence of retinopathy. An opposite trend was registered for
the pr ev alence of smokers, which increased in 2023 compared
with 2009 in phenotypes c har acterized by the presence of albu-
minuria and/or reduced eGFR. 

The relationship between traits of CKD and traditional dia- 
betes and car dio vascular risk factors was further investigated 

by m ulti v ariate logistic anal ysis. Age w as inde pendentl y r elated
to both features of kidney dysfunction ( Ta b le 4 ) , while disease
duration associated to low eGFR alone or in combination with
albuminuria. 

Being female was associated with isolated low eGFR 

( OR = 1.28, 95% CI 1.21–1.36 ) , but less likely with albumin-
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Table 3: Patient characteristics according to the renal phenotype: comparison between 2009 and 2023 cohorts ( data are mean ± standard 
de via tion or percentages ) . 

Albuminuria, no eGFR 
≥60 ml/min 

Albuminuria, no eGFR 
< 60 ml/min 

Albuminuria, yes eGFR 
≥60 ml/min 

Albuminuria, yes eGFR 
< 60 ml/min 

Characteristics 2009 2023 2009 2023 2009 2023 2009 2023 

N ( % ) 63 639 ( 51.6 ) 194 492 ( 51.3 ) 13 660 ( 11.3 ) 67 852 ( 17.9 ) 28 806 ( 23.8 ) 66 076 ( 17.4 ) 14 684 ( 12.2 ) 50 494 ( 13.3 ) 
Males 56.3 57.8 42.2 50.5 69.0 68.6 59.5 65.1 
Age ( years ) 64.1 ± 10.7 66.9 ± 10.6 74.0 ± 8.0 75.6 ± 8.9 65.0 ± 10.8 67.8 ± 10.8 73.4 ± 8.5 75.9 ± 8.9 
BMI ( kg/m 

2 ) 29.4 ± 5.2 28.6 ± 5.4 29.7 ± 5.1 28.7 ± 5.3 30.2 ± 5.3 28.9 ± 5.6 30.0 ± 5.2 28.8 ± 5.4 
Duration of DM2 ( years ) 9.7 ± 8.6 11.6 ± 9.1 13.3 ± 10.4 15.5 ± 10.3 11.0 ± 9.0 12.7 ± 9.4 15.3 ± 10.5 17.2 ± 10.4 
HbA1c ( % ) 7.4 ± 1.5 7.0 ± 1.1 7.4 ± 1.4 7.1 ± 1.1 7.8 ± 1.6 7.2 ± 1.3 7.7 ± 1.5 7.2 ± 1.2 
LDL cholesterol ( mg/dl ) 110.0 ± 33.8 83.1 ± 32.1 106.4 ± 34.1 78.3 ± 30.5 107.1 ± 34.9 81.5 ± 32.9 103.9 ± 34.4 76.8 ± 31.4 
Systolic blood pressure 
( mmHg ) 

137.7 ± 18.3 133.7 ± 17.7 139.5 ± 18.9 132.6 ± 18.2 141.5 ± 19.5 137.0 ± 18.9 143.8 ± 20.5 136.7 ± 19.6 

Diastolic blood pressure 
( mmHg ) 

79.1 ± 9.5 76.9 ± 9.8 77.3 ± 9.8 74.2 ± 9.9 80.5 ± 10.0 77.6 ± 10.3 78.5 ± 10.3 74.9 ± 10.3 

eGFR ( ml/min/1.73 m 

2 ) 85.1 ± 13.9 85.3 ± 13.6 48.0 ± 9.8 39.5 ± 18.4 84.±14.4 84.1 ± 14.2 42.8 ± 12.7 36.8 ± 17.0 
Smoking 17.5 17.5 8.8 11.3 23.8 25.3 13.4 16.8 
Retinopathy 14.2 11.0 18.5 13.6 22.4 14.9 30.5 19.4 
Glucose-lowering treatment 
Diet only 7.9 2.7 6.3 2.2 4.2 1.6 3.7 1.4 
OHA 

∗ 66.8 71.3 54.0 58.9 59.7 63.2 38.7 46.5 
Insulin + OHAI 14.4 21.5 16.0 28.0 22.2 29.5 19.2 34.7 
Insulin 10.9 4.5 23.7 10.9 13.9 5.7 38.4 17.4 

Table 4: Results of multiv aria te logistic regression analysis ( backward models ) showing the relationship between traits of CKD, traditional 
diabetic and cardio v ascular risk factors in the 2023 cohort. Reference ca tegory: pa tients with normoalbuminuria and eGFR ≥60 ml/min/1.73 
m 

2 . 

Low eGFR normoalbuminura Normal eGFR albuminuria Low eGFR albuminuria 

Inde pendent v aria b les OR 95%CI OR 95%CI OR 95%CI 

Age 1.097 1.092–1.101 1.013 1.010–1.016 1.120 1.114–1.126 
Female gender 1.280 1.205–1.359 0.604 0.568–0.642 0.615 0.568–0.665 
Duration of T2D ( years ) 1.011 1.008–1.015 — — 1.012 1.008–1.017 
BMI ( kg/m 

2 ) 1.017 1.011–1.023 — — 1.017 1.009–1.025 
Smokers ( yes vs. no ) — — 1.725 1.610–1.849 1.552 1.406–1.713 
HbA1c ( % ) 0.935 0.904–0.968 1.056 1.025–1.087 — —
Systolic blood pressure ( mmHg ) 0.994 0.092–0.096 1.01 1.008–1.011 1.005 1.003–1.007 
Diastolic blood pressure ( mmHg ) 0.994 0.990–0.997 — — — —
HDL cholesterol ( mg/dl ) 0.992 0.989–0.994 0.997 0.995–1.000 0.989 0.985–0.992 
Triglycerides ( mg/dl ) 1.004 1.004–1.005 1.001 1.001–1.002 1.006 1.005–1.007 
Retinopathy ( yes vs. no ) — — 1.286 1.180–1.401 1.292 1.159–1.441 
Treatment with SGLT2i ( yes vs. no ) 1.341 1.263–1.424 1.309 1.238–1.385 1.581 1.470–1.700 
Treatment with GLP1-RA ( yes vs. no ) — — — — 0.922 0.852–0.997 
Treatment with insulin ( yes vs. no ) 1.116 1.037–1.200 1.316 1.232–1.405 1.586 1.460–1.722 
ACEi-ARB — — 1.136 1.052–1.226 0.860 0.785–0.942 
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ria ( OR = 0.60, 95% CI 0.57–0.64 ) or the simultaneous oc- 
urrence of low eGFR and albuminuria ( OR = 0.62, 95% CI 
.57–0.67 ) . 

Worse glycemic control also affected the presence of albu- 
inuria with an increased risk of 6% for every 1% increase in 

bA1c ( OR = 1.06, 95% CI 1.03–1.09 ) , while it was inversely as- 
ociated with the risk of low eGFR ( OR = 0.94, 95% CI 0.90–0.97 ) . 
igher BMI was associated with a higher likelihood of low eGFR 

lone or associated with albuminuria. Higher SBP levels were as- 
ociated with albuminuria alone or associated with low eGFR, 
hile they were inv ersel y associated with low eGFR. CKD was 

also associated with the typical atherogenic lipid profile. In fact,
HDL cholester ol lev els wer e inv ersel y r elated to the risk of kid-
ney abnormalities. 

By contrast, high levels of triglycerides were directly associ-
ated with an increased likelihood of having albuminuria and/or
low eGFR. Smoking was clearly associated with albuminuria and
increased the risk by 73%. By contrast, the use of drugs inhibiting
the renin-angiotensin system ( i.e. ACE inhibitors or angiotensin
r ece ptor b lockers ) w as associated with albumin uria. Retinopa-
thy was associated with a 29% increased risk of albuminuria
alone or associated with low eGFR. 
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Finally, patients with low eGFR and albuminuria, alone or in 

ombination, wer e mor e likel y to be tr eated with SGLT2i or in- 
ulin. 

ISCUSSION 

n this r e port, we pr esent the r esults of an anal ysis of an ex- 
ensi v e data base of patients with T2D, attending the outpatient 
linic of the AMD Italian network in 2023. We provide updated 

nformation on the pr ev alence of CKD, its different phenotypes 
nd related CV risk determinants, and prevalent pharmacologic 
r eatment, and compar e these data with those of a pr evious sim- 
lar cohort attending the same centers in 2009. 

The percentage of patients with CKD in 2023 is slightly higher 
han what we hav e pr eviousl y described ( i.e. 48.7% vs. 47.4% ) 
 16 ], indicating a stabilization of the pr ev alence of CKD, in line 
ith that r ecentl y r e ported by the USRDS [ 23 ]. This finding is 
ot unexpected, considering the enhanced management of kid- 
ey disease risk factors r e ported in recent years [ 24 , 25 ], a trend 

e also observe in our sample. In addition, the clinical use of 
edications like RAS inhibitors, as well as the more recent in- 

roductions of SGLT2 inhibitors and GLP-1 receptor agonists, has 
een shown to decrease both the incidence and pr ogr ession of 
KD [ 26 , 27 ]. On the other hand, the incr eased survi v al of pa- 

ients with T2D and the consequent longer duration of the dis- 
ase could explain, at least in part, the marginal increase in CKD 

hat we describe. 
Overall, as expected, patients with CKD show an unfav ora b le 

V risk pr ofile r egarding gl ycemic contr ol, lipid pr ofile, and b lood 

r essur e contr ol compar ed with patients with pr eserv ed kidney 
unction, with some peculiarities. Of patients, 17.9% have low 

GFR in the presence of normoalbuminuria ( i.e. normoalbumin- 
ric CKD ) , a percentage higher than that we observed in 2009 
 17.9% vs. 11.3% ) . This is in line with that described by Afkarian 

t al. [ 28 ] who showed that among US adults with diabetes from 

988 to 2014, the overall prevalence of diabetic kidney disease 
id not change significantly. By contrast, the pr ev alence of albu- 
inuria declined, and the prevalence of reduced eGFR increased. 

his is an emergent unique CKD phenotype whose clinical out- 
ome is not completely understood. It has, in fact, been associ- 
ted with a slow kidney disease pr ogr ession and a high risk for 
V events [ 29–32 ]. 

Other studies, however ( ACCORD ) , did not confirm these re- 
ults and r e ported similar r enal and CV risk in patients with low 

FR independent of the presence of albuminuria [ 33 ]. 
The results of the multivariate analysis provide several in- 

ights into the clinical determinants of CKD in our population. 
hey confirm the strong and independent association between 

ge and both forms of features of kidney dysfunction. At the 
ame time , dur ation of diabetes is associated with low eGFR in 

he presence or absence of albuminuria. Female gender is asso- 
iated with low eGFR, while being male is a risk factor for albu- 
inuria. In addition, our findings also confirm the strong asso- 

iation between glycemic control and albuminuria, according to 
he results of several observational and interventional studies 
 34–37 ] on this topic. 

The evidence for obesity as an independent risk factor for 
KD has been growing in recent years, and our data fit with those 
y Zhang et al. [ 38 ], who r ecentl y showed in a large Chinese pop- 
lation with T2D that higher BMI and waist to height ratio were 
ach associated with a greater prevalence of CVD after adjust- 
ent for each other. 

The association and the potential detrimental effect of arte- 
ial hypertension with kidney damage in patients with diabetes 

has been extensi v el y studied. Our data show a strong and in-
dependent association between SBP and albuminuria, confirm- 
ing several previous studies. Furthermore , w e find a direct rela-
tionship between SBP and eGFR, supporting the hypothesis that 
strict BP control could worsen kidney function through renal hy- 
poperfusion. This confirms our previous data [ 39 ] and those of
other authors [ 40 ]. 

Finall y, the str ong association between SGLT2i prescription 

and CKD, mainly with albuminuria, is a clear result of indication
bias ( Ta b le 4 ) . Nota b l y, the pr oportion of patients r ecei ving in-
sulin therapy, particularly basal insulin, increases progressively 
acr oss the thr ee r enal disease phenotypes, and is > 50% in pa-
tients with both albuminuria and a low glomerular filtration rate.
It is important to note in this regard that the pr ogr essi v e incr ease
in the use of insulin therapy does not correspond to a reduction
in the use of ne phr opr otecti v e drugs such as SGLT2i and GLP-
1RA. This suggests that insulin therapy is generally used along- 
side these drugs, in accordance with the most current recom- 
mendations. 

Our study has several limitations but also strengths that de- 
serve to be highlighted and commented on. Among the limita- 
tions, la borator y parameters were not centralized, and this can
account for some v aria bility. Furthermor e , w e relied on a single
cr eatinine v alue to estimate GFR and this could have led to some
v aria bility as we could not identify occasional acute changes in
serum creatinine in a specific patient. We believe , how ever, that
the large sample size of our study may limit this potential bias.
The mean age of the 2023 study cohort was significantly higher
than the 2009 one and this may have introduced a selection bias
to war d the subgroup of patients with greater life expectancy and
ther efor e a better risk profile. On the other hand, the large size
of our database, accounting for almost 10% of the T2D popula-
tion curr entl y li ving in Ital y, r e pr esents the major str ength of our
study. The homog enous g eographical distribution of centers par- 
ticipating in the data collection across the country is a further
point of strength. 

In conclusion, our data clearly show that the diabetic popu- 
lation is aging, the prevalence of CKD is stable, the albuminuric
phenotype is decreasing, and the phenotype associated with low 

eGFR is increasing. These two CKD phenotypes cluster, at least 
in part, with different risk factors. 

We also describe an impr ov ed contr ol of traditional car-
diovascular risk factors, although optimal control is not yet 
achiev ed. The pr escription of drugs with beneficial effects on re-
nal pr ogr ession and car dio v ascular mortality is rapidl y incr eas-
ing. Their ability to change hard renal and car dio vascular out-
comes will be assessed over the next few years. 
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