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Aims: Nephropathy is a complication of type 2 diabetes, with increased albuminuria and

reduced glomerular filtration rate (GFR) as biomarkers. Rates of progression to end-stage-

renal disease are variable among patients. In this study we have examined the GFR decline

in newly diagnosed T2DM.

Methods: A cohort of 410 patients with newly diagnosed T2DM and with at least four serum

creatinine during the follow-up period were recruited. A linear model was used to calculate

the decline in eGFR. A multivariable logistic model was used to identify independent pre-

dictors of rapid eGFR decline.

Results: Average follow-up was 12.4 years. The eGFR change was �0.80 ± 2.23 ml/

min/1.73 m2 per year. Patients were arbitrarily stratified into rapid decliners (�-3.0 ml/

min/1.73 m2 per year), moderate decliners (-2.9/-1 ml/min/1.73 m2 per year) and slow/no

decliners (>-1.0 ml/min/1.73 m2 per year). Subjects in the 3 categories were 11.4%, 27.3%,

and 61.3%, respectively. Albuminuria was the stronger predictor of rapid eGFR decline.

Conclusions: A rapid decline in eGFR occurs in approximately 1 out of 10 newly diagnosed

subjects. This rapid decline can be predicted by widely accessible clinical features, such

as albuminuria. Identification of rapid decliners may help to reduce progression toward

advanced stages of nephropathy.
� 2021 Elsevier B.V. All rights reserved.
1. Introduction

Diabetic nephropathy is a common complication of type 2

diabetes (T2DM) [1] and its clinical consequences, such as

chronic kidney disease (CKD), nephrotic syndrome, end-
stage renal disease (ESRD) and cardiovascular disease (CVD),

may be severe and life threatening [2,3]. Therefore, it is impor-

tant to timely identify patients with incipient nephropaty or

at high risk of marked loss of renal function in order to imple-

ment strategies to stop or slow down the progression of the
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disease. Increased albuminuria and reduced glomerular filtra-

tion rate (GFR) are the classic biomarkers of nephropathy, and

its progression is heralded by significant changes in these two

parameters [4,5].

It is well known that albuminuria, hypertension and poor

glycemic control contribute to the decline of GFR [6–8], and

that nephropathy is often associated to other microvascular

or macrovascular complications [9,10].

Studies exploring the decline of GFR in T2DM (6–10) have

observed that patients may follow different trajectories, a

small group of patients with a rapid decline of GFR and others

patients who decline less rapidly. All the studies agreed on

the importance of the identification of patients with a rapid

decline. However, these studies have included patients with

longstanding disease in whom the phenomenon is strongly

influenced by prolonged exposure to hyperglycemia as well

as medications used for treating diabetes and hypertension.

The information of the decline of GFR in the years immedi-

ately following the diagnosis of T2DM is lacking. We believe

that this information is important as the prevention of eGFR

decline should be as precocious as possible.

Therefore, in the present study we evaluated changes in

estimated GFR (eGFR) occurring in a cohort of T2DM patients

since time of diagnosis for several years. Most importantly,

we aimed to identify rapid decliners in eGFR and independent

predictors of this rapid loss of renal function in order to iden-

tify patients who may benefit of a precocious implementation

of preventive measures.

2. Materials and methods

2.1. Study population

The present study was carried out in 410 subjects enrolled in

the Verona Newly Diagnosed Diabetes Study (VNDS), an ongo-

ing study on genetics, pathophysiology and clinics of patients

with newly diagnosed T2DM. Supplementary figure 1 shows

the flow of study participants, while supplementary table 1

shows that the selected 410 subjects were similar, in term of

the major clinical characteristics, to the all cohort. The details

of study were already presented in previous publications

[11,12]. In brief, patients referred to the Diabetes Clinic,

embedded in the Division of Endocrinology, Diabetes and

Metabolic Diseases of the University and Hospital Trust of

Verona and whose disease was diagnosed in the past

6 months were offered to participate in this study. Patients

of the present study had their first visit between January 1,

2002 and December 31, 2009 and continued to attend the

Clinic in the following years, with at least one assessment

of serum creatinine per year. The observation period of this

cohort ended on December 31, 2019 and a minimum of 4 cre-

atinine qualified subjects for inclusion in the analysis.

The clinical evidence on which the diagnosis of T2DM had

beenmadewas reviewed at the recruitment and the diagnosis

was confirmed according to standard criteria. The large

majority of patients were drug-naı̈ve (about 95%). Patients

older than 75 years, on insulin therapy, of non-Italian ances-

try, with positive anti-glutamic acid decarboxylase antibodies

and/or with history of malignancies or any severe impair-
ment of hepatic and/or renal function were excluded from

the study. All participants gave their informed consent and

the study was approved by the local Ethics Committee.

3. Clinical data

Weight in kilograms divided by the square of height in meters

was used to calculate the body mass index (BMI).. Blood pres-

sure was measured with a standard mercury manometer on

the right arm when sitting. Hypertension was considered

when participants were taking any antihypertensive medica-

tions or their blood pressure was � 140/90. A confirmed his-

tory of myocardial infarction, angina, coronary

revascularization, stroke, transitory ischemic attack, carotid

revascularization, non-traumatic amputation, gangrene and/

or lower limb revascularization was considered a valid proxy

for prior clinical CVD. Presence of diabetic retinopathy was

investigated by indirect ophthalmoscopy after pupillary dila-

tion by a single expert ophthalmologist.

Venous bloodwas drawn in themorning after an overnight

fast in all patients. Serum creatinine (Jaffè rate-blanked and

compensated assay), lipids, plasma glucose were assayed by

standard laboratory procedures. Hemoglobin A1c (HbA1c)

was measured by high performance liquid chromatography

and standardized according to IFCC. Glomerular filtration rate

was estimated (eGFR) using the Modification of Diet in Renal

Disease equation (MDRD) [13]. An eGFR below 60 ml/

min/1.73 m2 was considered for the diagnosis of CKD. Urinary

albumin excretion was measured in two early morning urine

samples as the albumin-to-creatinine ratio /A/C ratio; units:

mg albuminuria/g creatininuria) by an immunonephelomet-

ric method. Microalbuminuria and macroalbuminuria were

defined as urinary excretion of 30–300 and > 300 mg/g, respec-

tively. Considering the low number of subjects with macroal-

buminuria, a combined variable of albuminuria that

comprises the 5 subjects with macroalbuminuria plus the 47

subjects with microalbuminuria was computed for the

analysis.

3.1. Statistical analysis

Data are presented as mean ± SD and frequency. The Anova,

with the Sceffé test for multiple comparisons, and v2 test

were used to compare baseline characteristics of participants

after their stratification according to changes of eGFR across

years. A linear regression analysis of time on eGFR was used

to calculate the slope of the regression line for each single

participants, which was then used as a proxy of the change

over time. A minimum of 4 serum creatinine measurements

was considered necessary for the inclusion in the analysis.

Patients were stratified into three groups based upon the fol-

lowing values of eGFR change: rapid decliners (�-3.0 ml/

min/1.73 m2 per year), moderate decliners (-2.9/-1 ml/

min/1.73 m2), slow/no decliners (>-1.0 ml/min/1.73 m2 per

year). The thresholds were chosen on the basis of previous

studies that reported that an eGFR loss of (�-3.0 ml/

min/1.73 m2 per year reflects three times more rapid decline

than expected by normal aging (about �1.0 ml/min/1.73 m2

per year) [8].
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To identify predictors of the rapid decline of eGFR, a mul-

tivariable logistic regression analysis was performed with the

status of rapid decliner as dependent variable and covariates

statistically different in the 3 categories of eGFR change or

biologically plausible as independent variables.

Statistical analysis was performed with SPSS statistical

package software. P values < 0.05 were considered statistically

significant.

4. Results

The main clinical features of the cohort are presented in

Table 1. Men were more represented than women, mean age

was approximately 60 yrs, as many as 50% of subjects were

obese and HbA1c was mildly elevated in most subjects. At

baseline 37 patients (9%) had eGFR < 60 ml/min/1.73 m2. 47

patients (11.9%) had microalbuminuria, 5 had macroalbumin-

uria (1.3%), 52 (13.2%) micro or macroalbuminuria, 16 (4.0%)

had retinopathy (non-proliferative in all of them), 41 (10%)

had a history of clinical cardiovascular disease (myocardial

infarction, stroke, etc). As many as 70% of patients had hyper-

tension and 58% were treated for high blood pressure. The

percentages of hypertensive treatment were 68.1% in the

rapid decline, 60.0% in moderate decline and 56.4% in slow/

no decline (p = 0.312). Fifteen percent of patients were assum-

ing statins.

The median follow-up period was 12.4 years (range 2.4–

16.8). During this period the minimum number of creatinine

measurements was 4 and the maximum 17, with an average

of 10.

Table 1 illustrates main clinical characteristics of patients

after stratification according to eGFR change. As compared to
Table 1 – Clinical characteristics of the 410 newly diagnosed typ
immediately following the diagnosis.

All subjects Slo
de
n =

Age (years) 58.6 ± 8.9 57
Sex (F,%) 32.4 29
BMI (Kg/m^2) 30.2 ± 5.1 30
SBP (mmHg) 137.6 ± 18.1 13
DBP (mmHg) 84.4 ± 9.2 84
HbA1c (mmol/molHb) 52.2 ± 13.5 50
Cholesterol (mmo/l) 5.0 ± 1.0 4.9
LDL-Cholesterol (mmol/l) 3.1 ± 0.9 3.0
HDL-Cholesterol (mmol/l) 1.20 ± 0.35 1.1
Triglycerides (mmol/l) 1.6 ± 1.0 1.7
Baseline eGFRMDRD (ml/min 1.73 m2) 84.0 ± 21.2 83
eGFR change (ml/min 1.73 m2/year) �0.80 ± 2.24 0.4
eGFRMDRD � 60 ml/min/1.73 m2 (%) 9.0 7.6
eGFRMDRD > 120 ml/min 1.73 m2) (%) 5.9 4.8
Hypertension (%) 70.2 68
Albuminuria (%) (n = 395) 13.2 11
Retinopathy (%) (n = 397) 4.0 3.7
Prior clinical cardiovascular dis. (%) 41 10

BMI: body mass index; SBP:systolic blood pressure; DBP: diastolic blood

HDL: high density lipoprotein; eGFR: estimated glomerular filtration rate; A

b at the apex refers to the p < 0.05 for multiple comparisons (test Sceffé)
slow/no decliners patients with a rapid decline were signifi-

cantly older, more frequently of male gender, had higher sys-

tolic blood pressure, and baseline eGFR. They also had more

frequently hypertension, micro/macroalbuminuria, retinopa-

thy and CVD. Moderate decliners had HbA1c higher than

slow/no decliners but no other significant difference when

compared to this group. The percentage of subjects with

either baseline eGFR lower than 60 ml/min/1.73 m^2 (37 sub-

jects) or higher than 120 ml/min/1.73 m2 (24 subjects) were

not significantly different among the three groups.

The multivariate logistic analysis (Table 2) showed that

retinopathy, micro/macroalbuminuria, systolic blood pres-

sure and baseline eGFR at baseline were significant predictors

of a rapid decline in eGFR. The results of the multivariate

analysis did not change when in the model were included

antihypertensive and statin therapy. Moreover, the inclusion

of a categoric variable of subjects with hyperfiltration at base-

line (eGFR > 120 ml/min/1.73 m2) compared to those with

eGFR � 120 ml/min/1.73 m2 instead of eGRF, showed a ten-

dency of an increased risk of rapid decline in subjects with

glomerular hyperfiltration (OR 2.0, CI 95% 0.6–7.3; p = 0.285),

even though a clear tendency to a higher prevalence of sub-

jects with glomerular hyperfiltration was observed in the

rapid decline group.

5. Discussion

At the best of our knowledge, the present is the first study

examining the changes of eGFR in the years immediately fol-

lowing diagnosis of T2DM and establishing different cate-

gories of patients according to kidney function loss. The

UKPDS, the largest study in newly diagnosed type 2 diabetes,
e diabetes according to the eGFR trend in the year

w/No
cline
251

Moderate
decline
n = 112

Rapid decline
n = 47

p

.8 ± 9.1a 59.1 ± 8.7 61.5 ± 7.8a 0.028

.1 35.7 42.6 0.133

.1 ± 5.0 30.2 ± 5.0 30.8 ± 5.5 0.717
5.4 ± 16.4a 139.1 ± 18.5 145.6 ± 22.9a 0.001
.1 ± 9.0 84.5 ± 9.4 85.7 ± 10.3 0.538
.7 ± 12.1b 55.0 ± 15.8b 53.8 ± 14.1 0.017
± 1.0 5.0 ± 0.9 4.9 ± 1.0 0.661
± 0.8 3.2 ± 0.9 3.0 ± 1.0 0.228
8 ± 0.34 1.20 ± 0.30 1.26 ± 0.52 0.300
± 1.1 1.6 ± 0.8 1.6 ± 0.8 0.464

.4 ± 19.7a 82.5 ± 19.6 91.0 ± 30.0a 0.052
9 ± 1.09 �1.83 ± 0.59 �5.23 ± 2.36 NA

12.5 8.5 0.315
7.1 8.5 0.481

.6 70.9 83.0 0.131

.2 13.9 30.2 0.004
1.8 11.4 0.023

.0 7.2 17.0 0.171

pressure; HbA1c: glycated hemoglobin; LDL: low density lipoprotein;

lbuminuria: combined variable of micro and macroproteinuria.a and

.



Table 2 – Multivariate logistic regression analysis with rapid decline of eGFR as dependent variable.

OR (IC 95%) p

Age (per year) 1.03 (0.99–1.08) 0.181
Sex (female/male) 1.94 (0.91–4.11) 0.084
BMI (per Kg/m^2) 1.01 (0.93–1.09) 0.900
PAS (per mmHg) 1.03 (1.00–1.06) 0.034
PAD (per mmHg) 0.98 (0.93–1.03) 0.371
Hba1c (per absolute 1%) 0.99 (0.73–1.34) 0.938
eGFR (per ml/min 1.73 m2) 1.02 (1.00–1.03) 0.017
Micro-macroalbuminuria (yes/no) 3.10 (1.29–7.48) 0.012
Retinophaty (yes/no) 3.97 (1.10–14.41) 0.036
Prior clinical cardiovascular disease (yes/no) 2.49 (0.89 – 6.97) 0.084

eGFR, estimatec glomerular filtration rate; BMI, body mass index, PAS, systolic blood pressure; PAD, diastolic blood pressure; HbA1c, glyco-

sylated hemoglobin.
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focused on incidence and progression of micro/macroalbu-

minuria, renal failure (defined as a plasma crea-

tinine > 250 lmol/l not related to an acute clinical event),

dialysis and death from renal diseases, but did not examine

the rates of decline in eGFR [14,15].

We found that approximately 1 out of 10 newly diagnosed

patients with T2DM had a rapid decline in eGFR (�-3 ml/

min/1.73 m2) in the years following time of diagnosis. This

proportion was not much different (11 vs. 15%) from that we

found in patients with T2DM of longer duration and preserved

kidney function at baseline [8]. The proportion, however, is

definitely lower than the 50–60% observed in patients with

CKD (9,10). In our study moderate decliners (-1.0 / �2.9 ml/

min/1.73 m2) amounted to 27%, which means that as many

as 1 patients out of 4 is predicted to have an substantial

reduction in eGFR over 20 years (ranging � 20 to � 60 ml/

min/1.73 m2), assuming a linear loss of function across time.

Overall, up to 40% of patients with newly diagnosed T2DM

is expected to develop a substantial or severe impairment of

kidney function in the 20 years following diagnosis, with a

fraction of them most probably reaching ESRD.

It is not surprising that in newly diagnosed T2DM a sizable

subgroup of patients is already at risk of a more or less rapid

decline in GFR because the biological onset of the disease is

estimated to antedate the clinical diagnosis by several years

[16]. Accordingly, many patients with T2DM already have

retinopathy, nephropathy, somatic and/or autonomic neu-

ropathy and/or clinical or preclinical CVD at time of diagnosis

[12]. Moreover, T2DM is often associated to features of the

Metabolic Syndrome, such as hypertension, atherogenic dys-

lipidemia, microalbuminuria, insulin resistance, abdominal

obesity [17], all conditions which were related to an increased

risk of CKD, as also shown in a large observational cohort of

type 2 diabetes representative of real life clinical practice in

Italy [18–20].

Not surprisingly, and in accordance with previous reports

[7,8], in our study micro/macroalbuminuria was the most

important risk factor for rapid decline of eGFR. Albuminuria,

indeed,isnotonlyastatisticalmarkerbutalsoacausativefactor

precipitating CKD [21]. This points out the need to periodically

measure albuminuria and implement strategies to reduce it

with effective anti-hypertensive and anti-hyperglycemic

medications [22–25].
Hypertension conveyed an increased risk for a more rapid

decline in eGFR. The result confirms previous findings [26]

and stress the concept that diabetes care includes a careful

control of blood pressure and not only HbA1c in order to pro-

tect the kidney.

In our study the presence of retinopathy was among risk

factors for a rapid decline in eGFR. Retinopathy may be con-

sidered a marker of a diffuse microvascular disease [27,28].

Therefore, it is important to give a value to the finding of

retinopathy at time of diagnosis of T2DM. It is indeed a valu-

able clinical marker of patients who require a well scheduled

staging also of kidney function and deserve a more powerful

control of all modifiable risk factors.

The results of our study are clinically relevant because

they point out the need of a comprehensive assessment of

kidney function when T2DM is first diagnosed and a strict

surveillance of patients who have risk factors for its rapid

decline (e.g., micro/macroalbuminuria, hypertension, poor

glucose control, retinopathy), without any optimism when

finding a high/normal eGFR because it also conveys an

increased risk of more rapid decline in kidney function. As

shown by previous studies, glomerular hyperfiltration

remarkably contributes to kidney disease in T2DM [29,30].

The present study has major limitations: lack of data on

ACE inhibitors or ARRB and the new drugs SGLT-2 inhibitors

or GLP-1 agonists during the follow-up period, drugs that

may modify the eGFR decline. GFR was estimated and not

directly measured but this limitation is common to the vast

majority of studies involving hundred or thousand patients.

On the other hand, subjects belonging to the age category in

which the estimate of GFR is less solid (e.g., >75 years) were

not included in this study. Moreover, it should be acknowl-

edged that eGFR measurements may vary significantly from

time to time within the same subjects even for transient con-

ditions (for instance, dehydration, drugs). The slope of eGFR

for each single patient was derived from a linear regression

model. Subjects were selected if they had more than four

eGFR determinations during the study period, this selection

limits the generalizability of the results.

Strengths of the study are the prospective design with

serial assessment of serum creatinine for several years, the

quite large number of subjects examined, the focus on newly

diagnosed drug-naı̈ve T2DM the comprehensive assessment



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 5 ( 2 0 2 1 ) 1 0 8 7 7 8 5
of several clinical features with standardized methods, the

measurement of serum creatinine and all biochemical

parameters in the same laboratory.

In conclusion, our study demonstrates that, a rapid decline

of renal function can occur in a sizable proportion of subjects

with T2DM in the years immediately following the diagnosis.

This decline can be predicted using a simple clinical approach

based upon the assessment of albuminuria, eGFR, blood pres-

sure and retinal status. Finding micro-macroalbuminuria,

hypertension, glomerular hyperfiltration and retinopathy

should prompt caregivers to implement effective strategies

aiming at protecting the kidney of people with newly diag-

nosed T2DM.

Disclosures

All authors have nothing to disclose.

Funding

No funding was given for this study.

Author’s contributions

GZ,MT: were responsible for the research idea, study design,

data analysis and writing the manuscript.IP,CB,VC,CN,FP,IP,V

S,DT,ER,GDP,CB: were responsible for generating data and

the preparation of the database. RCB, EB: were responsible

for supervision, for critically reviewing the manuscript and

mentorship.

Declaration of Competing Interest

The authors declare that they have no known competing

financial interests or personal relationships that could have

appeared to influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.diabres.2021.108778.
R E F E R E N C E S
[1] Lameire N. Diabetes and diabetic nephropathy - a worldwide
problem. Acta Diabetol 2004;41:S3–5.

[2] Hadjadj S, Cariou B, Fumeron F, Gand E, Charpentier G,
Roussel R, et al. French JDRF Diabetic Nephropathy
Collaborative Research Initiative (search for genes
determining time to onset of ESRD in T1D patients with
proteinuria) and the SURDIAGENE and DIABHYCAR study
groups. Death, end-stage renal disease and renal function
decline in patients with diabetic nephropathy in French
cohorts of type 1 and type 2 diabetes. Diabetologia
2016;59:208–16.

[3] van Dijk PR, Kramer A, Logtenberg SJ, Hoitsma AJ, Kleefstra N,
Jager KJ, et al. Incidence of renal replacement therapy for
diabetic nephropathy in the Netherlands: Dutch diabetes
estimates (DUDE)-3. BMJ Open 2015;5 e005624.
[4] Bramlage P, Lanzinger S, van Mark G, Hess E, Fahrner S, Heyer
CHJ, et al. Patient and disease characteristics of type-2
diabetes patients with or without chronic kidney disease: an
analysis of the German DPV and DIVE databases. Cardiovasc
Diabetol 2019;18:33–45.

[5] Chronic Kidney Disease Prognosis Consortium, Matsushita K,
van der Velde M, Astor BC, Woodward M, Levey AS, de Jong
PE, Coresh J, Gansevoort RT. Association of estimated
glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: a
collaborative meta-analysis. Lancet 2010; 375: 2073-81.

[6] Rossing K, Christensen PK, Hovind P, Tarnow L, Rossing P,
Parving HH. Progression of nephropathy in type 2 diabetic
patients. Kidney Int 2004;66:1596–605.

[7] Moriya T, Tanaka S, Kawasaki R, Ohashi Y, Akanuma Y,
Yamada N, et al. Japan Diabetes Complications Study Group.
Diabetic retinopathy and microalbuminuria can predict
macroalbuminuria and renal function decline in Japanese
type 2 diabetic patients: Japan diabetes complications study.
Diabetes Care 2013;36:2803–9.

[8] Zoppini G, Targher G, Chonchol M, Ortalda V, Negri C, Stoico
V, et al. Predictors of estimated GFR decline in patients with
type 2 diabetes and preserved kidney function. Clin J Am Soc
Nephrol 2012;7:401–8.

[9] Wang Y, Zhao L, Zhang J, Wu Y, Zhang R, Li H, et al.
Implications of a Family History of Diabetes and Rapid eGFR
Decline in Patients With Type 2 Diabetes and Biopsy-Proven
Diabetic Kidney Disease. Front Endocrinol (Lausanne)
2019;10:855–66.

[10] Furuichi K, Shimizu M, Yamanouchi M, Hoshino J, Sakai N,
Iwata Y, et al. Clinicopathological features of fast eGFR
decliners among patients with diabetic nephropathy. BMJ
Open Diabetes Res Care 2020;8 e001157.

[11] Zoppini G, Cacciatori V, Raimondo D, Gemma M,
Trombetta M, Dauriz M, et al. Prevalence of Cardiovascular
Autonomic Neuropathy in a Cohort of Patients With Newly
Diagnosed Type 2 Diabetes: The Verona Newly Diagnosed
Type 2 Diabetes Study (VNDS). Diabetes Care
2015;38:1487–93.

[12] Bonora E, Trombetta M, Dauriz M, Travia D, Cacciatori V,
Brangani C, et al. Chronic complications in patients with
newly diagnosed type 2 diabetes: prevalence and related
metabolic and clinical features: the Verona Newly Diagnosed
Type 2 Diabetes Study (VNDS) 9. BMJ Open Diabetes Res Care
2020;8 e001549.

[13] Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A
more accurate method to estimate glomerular filtration rate
from serum creatinine: a new prediction equation.
Modification of Diet in Renal Disease Study Group. Ann
Intern Med 1999;130:461–70.

[14] Retnakaran R, Cull CA, Thorne KI, Adler AI. Holman RR for
the UKPDS Study Group. Risk factors for renal dysfunction in
Type 2 diabetes. UK Prospective Diabetes Study 74. Diabetes
2006;55:1832–9.

[15] Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA. Holman
RR on behalf of the UKPDS Group. Development and
progression of nephropathy in Type 2 diabetes: The United
Kingdom Prospective Diabetes Study (UKPDS 64). Kidney Int
2003;63:225–32.

[16] Porta M, Curletto G, Cipullo D, Rigault de la Longrais R, Trento
M, Passera P, et al. Estimating the delay between onset and
diagnosis of type 2 diabetes from the time course of
retinopathy prevalence. Diabetes Care 2014;37:1668–74.

[17] Ferreira JP, Verma S, Fitchett D, Ofstad AP, Lauer S, Zwiener I,
et al. Metabolic syndrome in patients with type 2 diabetes
and atherosclerotic cardiovascular disease: a post hoc
analyses of the EMPA-REG OUTCOME trial. Cardiovasc
Diabetol 2020;19:200.

https://doi.org/10.1016/j.diabres.2021.108778
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0005
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0005
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0010
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0015
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0015
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0015
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0015
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0020
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0020
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0020
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0020
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0020
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0030
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0030
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0030
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0035
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0035
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0035
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0035
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0035
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0035
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0040
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0040
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0040
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0040
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0045
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0045
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0045
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0045
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0045
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0050
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0050
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0050
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0050
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0055
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0055
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0055
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0055
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0055
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0055
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0060
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0060
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0060
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0060
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0060
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0060
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0065
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0065
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0065
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0065
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0065
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0070
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0070
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0070
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0070
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0075
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0075
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0075
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0075
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0075
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0080
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0080
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0080
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0080
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0085
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0085
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0085
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0085
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0085


6 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 5 ( 2 0 2 1 ) 1 0 8 7 7 8
[18] Viazzi F, Piscitelli P, Giorda C, Ceriello A, Genovese S, Russo
GT, et al. AMD-Annals Study Group. Association of kidney
disease measures with risk of renal function worsening in
patients with hypertension and type 2 diabetes. J Diabetes
Complications 2017;31:419–26.

[19] Kibria GMA, Crispen R. Prevalence and trends of chronic
kidney disease and its risk factors among US adults: An
analysis of NHANES 2003–18. Prev Med Rep 2020;20. https://
doi.org/10.1016/j.pmedr.2020.101193 101193.

[20] Kim Y, Park CW. Can management of the components of
metabolic syndrome modify the course of chronic kidney
disease? Kidney Res Clin Pract 2020;39:118–20.

[21] Coresh J, Heerspink HJL, Sang Y, Matsushita K, Arnlov J, Astor
BC, et al. Chronic Kidney Disease Prognosis Consortium and
Chronic Kidney Disease Epidemiology Collaboration. Change
in albuminuria and subsequent risk of end-stage kidney
disease: an individual participant-level consortium meta-
analysis of observational studies.Lancet Diabetes Endocrinol
2019;7:115–27.

[22] Oshima M, Neuen BL, Li J, Perkovic V, Charytan DM, de Zeeuw
D, et al. Early Change in Albuminuria with Canagliflozin
Predicts Kidney and Cardiovascular Outcomes: A Post Hoc
Analysis from the CREDENCE Trial. J Am Soc Nephrol
2020;31:2925–36.

[23] Piperidou A, Loutradis C, Sarafidis P. SGLT-2 inhibitors and
nephroprotection: current evidence and future perspectives. J
Hum Hypertens 2020 Aug 10. https://doi.org/10.1038/s41371-
020-00393-4.

[24] Wang K, Hu J, Luo T, Wang Y, Yang S, Qing H, et al. Effects of
Angiotensin-Converting Enzyme Inhibitors and Angiotensin
II Receptor Blockers on All-Cause Mortality and Renal
Outcomes in Patients with Diabetes and Albuminuria: a
Systematic Review and Meta-Analysis. Kidney Blood Press
Res 2018;43:768–79.

[25] Vitale M, Haxhi J, Cirrito T, Pugliese G. Renal protection with
glucagon-like peptide-1 receptor agonists. Curr Opin
Pharmacol 2020;54:91–101.

[26] Yokoyama H, Kanno S, Takahashi S, Yamada D, Itoh H, Saito
K, et al. Determinants of decline in glomerular filtration rate
in nonproteinuric subjects with or without diabetes and
hypertension. Clin J Am Soc Nephrol. 2009;4(1432):1440.

[27] Zhuang X, Cao D, Zeng Y, Yang D, Yao J, Kuang J, Xie J, He M,
Cai D, Zhang S, Wang W, Zhang L. Associations between
retinal microvasculature/microstructure and renal function
in type 2 diabetes patients with early chronic kidney disease.
Diabetes Res Clin Pract 2020; 168: 108373. doi: 10.1016/
j.diabres.2020.108373. Online ahead of print.

[28] Yoshida Y, Kashiwabara K, Hirakawa Y, Tanaka T, Noso S,
Ikegami H, et al. Conditions, pathogenesis, and progression
of diabetic kidney disease and early decliner in Japan. BMJ
Open Diabetes Res Care 2020;8 e000902.

[29] Kaewput W, Thongprayoon C, Chewcharat A, Rangsin R,
Satirapoj B, Kaewput C, Suwannahitatorn P, Bathini T, Mao
MA, Cato LD, Harrison AM, Vaitla P, Cheungpasitporn W. Rate
of kidney function decline and factors predicting progression
of kidney disease in type 2 diabetes mellitus patients with
reduced kidney function: A nationwide retrospective cohort
study. Ther Apher Dial. 2020 Jan 30. doi: 10.1111/1744-
9987.13480. Online ahead of print.

[30] Buyadaa O, Magliano DJ, Salim A, Koye DN, Shaw JE. Risk of
Rapid Kidney Function Decline, All-Cause Mortality, and
Major Cardiovascular Events in Nonalbuminuric Chronic
Kidney Disease in Type 2 Diabetes. Diabetes Care
2020;43:122–9.

http://refhub.elsevier.com/S0168-8227(21)00131-5/h0090
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0090
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0090
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0090
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0090
https://doi.org/10.1016/j.pmedr.2020.101193
https://doi.org/10.1016/j.pmedr.2020.101193
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0100
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0100
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0100
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0105
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0110
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0110
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0110
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0110
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0110
https://doi.org/10.1038/s41371-020-00393-4
https://doi.org/10.1038/s41371-020-00393-4
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0120
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0120
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0120
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0120
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0120
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0120
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0125
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0125
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0125
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0130
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0130
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0130
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0130
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0140
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0140
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0140
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0140
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0150
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0150
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0150
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0150
http://refhub.elsevier.com/S0168-8227(21)00131-5/h0150

	Glomerular filtration rate decline in T2DM following diagnosis. The Verona newly diagnosed diabetes study-12
	1 Introduction
	2 Materials and methods
	2.1 Study population

	3 Clinical data
	3.1 Statistical analysis

	4 Results
	5 Discussion
	Disclosures
	Funding
	Author’s contributions
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


