
© The Author(s) 2024. Published by Oxford University Press on behalf of the Endocrine Society. All rights 
reserved. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for 
reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the 
article page on our site—for further information please contact journals.permissions@oup.com. See the 
journal About page for additional terms. This article is published and distributed under the terms of the 
Oxford University Press, Standard Journals Publication Model (https://academic.oup.com/pages/standard -
publication-reuse-rights)   1 

Full Title:  GFR decline predicts total mortality and mediates the effect of tryptophan metabolism 1 

on death risk in type 2 diabetes 2 

Authors: Olga Lamacchia1, Claudia Menzaghi2, Massimiliano Copetti3, Mario Mastroianno4, 3 

Chiara Corsano1,5, Cornelia Prehn6, Jerzy Adamski7,8,9, Andrea Fontana3, Vincenzo Trischitta2,10*, 4 

Salvatore De Cosmo11*. 5 

Affiliations: 1Endocrinology Unit, Department of Medical and Surgical Sciences, University of 6 

Foggia, Foggia, Italy; 2Research Unit of Diabetes and Endocrine Diseases, Fondazione IRCCS 7 

Casa Sollievo della Sofferenza, San Giovanni Rotondo, Italy; 3Unit of Biostatistics, Fondazione 8 

IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Italy; 4Scientific Direction, 9 

Fondazione IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Italy; 5Hygiene Unit,  10 

Department of Medical and Surgical Sciences, University of Foggia, Foggia, Italy; 6Metabolomics 11 

and Proteomics Core, Helmholtz Zentrum München, German Research Center for Environmental 12 

Health, Ingolstädter Landstraße 1, 85764 Neuherberg, Germany; 7Institute of Experimental 13 

Genetics, Helmholtz Zentrum München, German Research Center for Environmental Health, 14 

Ingolstädter Landstraße 1, 85764 Neuherberg, Germany; 8Department of Biochemistry, Yong Loo 15 

Lin School of Medicine, National University of Singapore, 8 Medical Drive, Singapore 117597, 16 

Singapore; 9Institute of Biochemistry, Faculty of Medicine, University of Ljubljana, Vrazov trg 2, 17 

1000 Ljubljana, Slovenia; 10Department of Experimental Medicine, Sapienza University of Rome, 18 

Rome, Italy; 11Unit of Internal Medicine, IRCCS Casa Sollievo della Sofferenza, San Giovanni 19 

Rotondo,  Italy 20 

* These two authors equally supervised this study 21 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgae551/7732376 by H

elm
holtz Zentrum

 M
uenchen user on 14 August 2024



2 

Keywords Albuminuria, causal mediation, death, kidney function, tryptophan metabolism 1 

Correspondence to1: Olga Lamacchia; Endocrinology Unit, Department of Medical and Surgical 2 

Sciences, University of Foggia; +390881732212; email: olga.lamacchia@unifg.it; Salvatore De 3 

Cosmo;  Unit of Internal Medicine, IRCCS Casa Sollievo della Sofferenza San Giovanni Rotondo, 4 

Foggia, Italy; +390882410627; email: s.decosmo@operapadrepio.it 5 

Author to whom reprint requests should be addressed: Olga Lamacchia, Endocrinology Unit, 6 

Department of Medical and Surgical Sciences, University of Foggia; +390881732212; email: 7 

olga.lamacchia@unifg.it 8 

Funding: This study was supported by PNRR M4C2I1.3 Heal Italia project PE00000019 grants 9 

(to VT); PNRR-MAD-2022-12375970 (to SDC and CM); Ricerca corrente 2022-2024 (to VT, 10 

SDC, CM) and European Health Data Evidence Network (to CM). 11 

Disclosure Statement: The authors have nothing to disclose. 12 

 13 

Abstract  14 

Context: The independent role of glomerular filtration rate (GFR) decline in shaping the risk of 15 

mortality in people with type 2 diabetes has only been partially addressed.  16 

Objective: The objective of the study was twofold: i) to investigate the association between all-17 

cause mortality and eGFR changes over time; ii) to understand whether renal dysfunction mediates 18 

the effect of tryptophan metabolism on death risk. 19 

Design: Prospective study with an average follow-up of 14.8 years. 20 
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Setting: Research Hospital. 1 

Patients: The aggregate Gargano Mortality Study included 962 patients with type 2 diabetes who 2 

had at least three eGFR recordings and at least 1.5 years of follow-up. 3 

Interventions: This was an observational study, with no intervention. 4 

Main Outcome Measures: Rate of all-cause mortality 5 

Results: Age and sex adjusted annual incident rate of mortality was 2.75 events per 100 person-6 

years. The median annual rate of decline of eGFR was 1.3 ml/min per 1.73 m2 per year (range -7 

3.7;7.8). The decline of kidney function was strongly and independently associated with the risk 8 

of death. Serum kynurenine-to-tryptophan ratio (KTR) was associated with both eGFR decline and 9 

all-cause mortality. Causal mediation analysis showed that 24.3% of the association between KTR 10 

and mortality was mediated by eGFR decline. 11 

Conclusions: In patients with type 2 diabetes, eGFR decline is independently associated with the 12 

risk of all-cause mortality and mediates a significant proportion of the association between 13 

tryptophan metabolism and death. 14 

 15 

 16 

Diabetes is recognised as the fastest growing chronic disease in the world (1) associated with 17 

substantial increase of mortality. Approximately 6.7 million adults are estimated to have died from 18 

diabetes or its complications in 2021 (1), making diabetes a leading cause of death worldwide (2). 19 

The rate of mortality in the general population is decreased significantly in recent years thanks to 20 

interventions that reduce the risk of myocardial infarction, such as lipid -lowering and 21 

antihypertensive therapy, and better glycaemic control over time (3-5). However, the risk of death 22 
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in patients with type 2 diabetes is still high, being about double that of people without the disease 1 

(6). Several studies in high-risk people have shown a strong relationship between the annual rate 2 

of decline in estimated glomerular filtration rate (eGFR) and all-cause mortality (7-11).  3 

Unfortunately, such relationship has been only sparsely addressed in people with type 2 diabetes 4 

(12,13). Therefore, the main aim of our study was to investigate the association between changes 5 

in renal function over a long follow-up period and the risk of all-cause mortality in people with 6 

type 2 diabetes from Southern Italy. Furthermore, since serum kynurenine-to-tryptophan ratio 7 

(KTR) is associated with both the decline of eGFR and the rate of mortality (14-16) we also 8 

investigated whether kidney dysfunction plays the role of mediator between tryptophan 9 

metabolism and death risk in type 2 diabetes. 10 

 11 

Materials and Methods 12 

Study population 13 

The aggregate Gargano Mortality Study (aGMS) consists of 2,140 people with type 2 diabetes 14 

recruited according to the same design and procedures from 2000 to 2008 (first period) and from 15 

2008 to 2011 (second period) at the Endocrinology Unit of the IRCCS (Istituto di Ricovero e Cura 16 

a Carattere Scientifico) “Casa Sollievo della Sofferenza”, San Giovanni Rotondo and followed 17 

until February 2023. The only inclusion criterion was the presence of type 2 diabetes according to 18 

the 2003 American Diabetes Association criteria. Exclusion criteria were dialysis or 19 

transplantation and poor life expectancy for non–diabetes-related diseases. Any analysis using data 20 

from aGMS data is adjusted for the “recruitment period” (see below). This specific study was 21 

carried out in those 962 patients who had at least three eGFR recordings and at least 1.5 years of 22 

follow-up. The study and the informed consent procedures were approved by the local Institutional 23 
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Ethic Committee IRCCS ‘‘Casa Sollievo della Sofferenza’’. All participants gave written consent. 1 

The study was conducted and reported according to the STROBE checklist (17). 2 

Exposure 3 

In the present study, the exposure was the rate of eGFR decline over the time. We measured 4 

standardized serum creatinine using the modified kinetic Jaffè reaction (Hitachi 737 5 

Autoanalyzer), calibrated to be traceable to an isotope dilution mass spectrometry (IDMS). GFR 6 

was estimated for each patient using the Chronic Kidney Disease Epidemiology Collaboration 7 

formula (18) derived from serum creatinine values at baseline and during follow-up. Repeated-8 

measures, longitudinal, multilevel (mixed-effects) models with follow-up time as a fixed effect 9 

were used to compute the annual change in eGFR (measured as mL/min per 1.73 m2) for each 10 

participant.  11 

Study endpoint 12 

The vital status of all participants was verified by interrogating the Italian Health Card Database 13 

upon data anonymization (https://sistemats1.sanita.finanze.it/wps/ portal/).  14 

 15 

Clinical and biochemical measurements 16 

Duration of type 2 diabetes and current glucose-, blood pressure- and lipid-lowering treatments 17 

were recorded for all patients. A physical examination, including measurement of height, weight 18 

and blood pressure, was performed on all subjects enrolled in the study. A fasting venous blood 19 

sample was taken from all patients for the measurement of serum total cholesterol, HDL 20 

cholesterol, triglycerides, glycated hemoglobin (HbA1c) and creatinine. 21 
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Urinary albumin and creatinine concentration were determined by the nephelometric method 1 

(Behring Nephelometer Analyzer; Behring, Marburg, Germany) and the Jaffè reaction rate 2 

method, respectively and were determined on an early morning first void sterile urine sample. 3 

Urinary albumin excretion was calculated and reported as urinary albumin-to-creatinine ratio 4 

(ACR).  Increased UAE was diagnosed as microalbuminuria if urinary albumin-to-creatinine ratio 5 

was > 2.5 mg/mmol in men and > 3.5 mg/mmol in women and ≤ 30 mg/mmol in both gender and 6 

macroalbuminuria if albumin-to-creatinine ratio was > 30 mg/mmol in both gender.   7 

Tryptophan, kynurenine and their ratio KTR were quantified using baseline fasting serum samples 8 

and the AbsoluteIDQTM p180 Kit (BIOCRATES Life Sciences), as previously described 9 

(14,16,19).  10 

Briefly, sample handling was performed by a Hamilton Microlab STARTM robot (Hamilton 11 

Bonaduz AG, Bonaduz, Switzerland) and a Ultravap nitrogen evaporator (Porvair Sciences, 12 

Leatherhead, U.K.), beside standard laboratory equipment. Mass spectrometric analyses were done 13 

on an API 4000 triple quadrupole system (SCIEX Deutschland GmbH, Darmstadt, Germany) 14 

equipped with a 1260 Series HPLC (Agilent Technologies Deutschland GmbH, Böblingen, 15 

Germany) and a HTC-xc PAL auto sampler (CTC Analytics, Zwingen, Switzerland) controlled by 16 

the software Analyst 1.6.2. For the LC-part, compounds were identified and quantified based on 17 

scheduled multiple reaction monitoring measurements (sMRM), for the FIA-part on MRM. Data 18 

evaluation for quantification of metabolite concentrations and quality assessment was performed 19 

with the software MultiQuant 3.0.1 (Sciex) and the MetIDQ™ software package. Metabolite 20 

concentrations were calculated using internal standards and reported in µM. KTR was calculated 21 

trough the MetIDQ RatioExplorer Module.  22 

 23 
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Statistical analysis  1 

Patients' baseline characteristics were reported as mean ± standard deviation (SD) or median 2 

(range) and frequency (percentage) for continuous and categorical variables, respectively. Possible 3 

differences in case-mix across sub-samples used for different analyses were investigated 4 

measuring the Standardized Mean Differences (SMD). Missing data rates in subjects’ covariates 5 

at baseline used in this study (i.e., gender, age, BMI, duration of disease, HbA1c, baseline eGFR, 6 

and medications) were, when present, always less than 5%. Missing data, therefore, were imputed 7 

using a random forest approach (20).  Age and sex-adjusted mortality rate was estimated using 8 

Poisson models and was reported as number of deaths per 100 person-years. The overall survival 9 

was defined as the time between enrollment and death; for subjects who did not experience the 10 

end point, survival time was censored at the time of the last available follow-up visit. Time-to-11 

death analyses were performed using univariable and multivariable Cox proportional hazards 12 

regression models and risks were reported as hazard ratios (HR) along with their 95% confidence 13 

intervals (CI). To properly assess the most reliable relationship between the rate of eGFR decline 14 

and all-cause mortality rate, eGFR decline was included into Cox models as: 1) a linear term only, 15 

2) a quadratic term only, 3) both linear and quadratic terms. Goodness of fit of each Cox model 16 

was evaluated by Akaike Information Criterion (AIC). The model including the linear term only 17 

achieved the best fit (i.e., minimum AIC), a finding that is fully compatible with the linear 18 

relationship observed between eGFR decline and mortality rate. The representation of eGFR 19 

decline tertiles was also provided, for ease of clinical interpretation. Two separate Cox models 20 

were performed. The first model was adjusted only for the recruitment period (0 or 1); the second 21 

model included also demographics characteristics (i.e., sex and age at recruitment), diabetes-22 
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related parameters (i.e., basal body mass index, HbA1c, eGFR and disease duration) and 1 

medications (i.e., glucose-, blood pressure- and lipid-lowering treatments at recruitment). 2 

To investigate whether the eGFR annual decline acts as a mediator of the relationship between 3 

KTR and mortality risk, a causal mediation analysis was performed (21). The KTR values were 4 

first logarithmized and then standardized. Prior to assess causal mediation analysis, we checked 5 

if: i) KTR was associated with all-cause mortality using a fully adjusted Weibull regression model; 6 

ii) eGFR annual decline and KTR were correlated. Then, a causal mediation analysis was 7 

conducted using the ‘mediate’ function defined in the 'mediation' package in R. This function 8 

provided non-parametric estimates of the total, direct, and indirect effects, based on 1000 bootstrap 9 

replication. A p-value < 0.05 was considered for statistical significance. Statistical analyses and 10 

graphs were performed using R software.  11 

 12 

Results  13 

Patient characteristics  14 

The main clinical features of the 962 study individuals are summarized in Table 1. To provide 15 

some clues as to how the subsets used in this study are representative of the entire cohort, the 16 

clinical characteristics of all 2140 aGMS individuals and the 575 used for metabolomic studies are 17 

also shown in the same Table 1 (indeed, SMD ranged 0.029-0.173, thus suggesting that differences 18 

across the three samples were negligible). Overall, the mean age of patients was 60.8±9.7 years, 19 

47.3% were women, mean duration of diabetes was 10.8 ±9.0 years and the mean value of HbA1c 20 

was 8.5 ± 1.9%. A total of 600 (62.4%) and 419 (43.6%) patients were on blood pressure- and 21 

lipid-lowering treatment, respectively. Mean eGFR value was 79.2±21.5 mL/min/1.73 m2.  During 22 
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a median follow-up of 14.8 ± 5.5 years, 452 (47%) patients died. Age and sex adjusted annual 1 

incident rate of mortality was 2.75 events per 100 person-years. The median annual rate of eGFR 2 

decline was 1.3 ml/min per 1.73 m2 per year (range -3.7-7.8) (Table 1).  3 

Association between eGFR decline and all-cause mortality in the whole population 4 

A strong association was observed between the annual rate of eGFR decline and mortality: for 5 

each ml/min increase in the annual rate of eGFR loss, there was a 31% increase in all-cause 6 

mortality, independent of all possible confounders we were able to take into account, including 7 

gender, age, BMI, duration of disease, HbA1c, baseline eGFR, glucose-, blood pressure- and lipid-8 

lowering treatments [adjusted HR 1.31 (1.21-1.41), p <0.001] (Table 2). To facilitate clinical 9 

interpretation, patients were sub-grouped according to tertiles of eGFR annual decline. Clinical 10 

features and incidence rate of all-cause mortality across eGFR tertiles are shown in Supplementary 11 

Table 1 (22). As compared to those with less pronounced eGFR decline (tertile 1), patients with 12 

the most rapid decline (tertile 3) had significantly higher age, BMI, disease duration, triglycerides, 13 

systolic blood pressure, ACR, glycated hemoglobin values and higher prevalence of blood 14 

pressure- and lipid-lowering treatments. They also had significantly lower baseline eGFR values. 15 

In the fully adjusted model, patients in tertile 2 and tertile 3 had 45% and 81% higher mortality 16 

rate than those in tertile 1 (Table 3, Figure 1).  17 

Association between eGFR decline and all-cause mortality in individuals with information 18 

on albuminuria 19 

Of note, in the 637 representative individuals for whom information on albuminuria was available 20 

(clinical features shown in Supplementary Table 2) (22), the association between eGFR annual 21 
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10 

decline and all-cause mortality (HR 1.31, 95%CI 1.21-1.41, p<0.001) did not change when also 1 

ACR was considered in the fully adjusted model (HR= 1.33, 95%CI = 1.21-1.46, p< 0.001). 2 

Subgroup analyses 3 

 In subgroup analyses, the association between eGFR decline and mortality, was significantly 4 

stronger in individuals relatively younger and with better glycaemic control (individual age and 5 

HbA1c below the median value of the entire cohort; p for interaction = 0.01 and 0.02, respectively, 6 

Figure 2). 7 

Mediation analysis explaining association between KTR and all-cause mortality  8 

In the subset of 575 representative patients for whom KTR data were available (clinical features 9 

described in Table 1) we found a significant association between KTR and both rate of eGFR 10 

decline (R2=0.16, p=0.0002) and all-cause mortality (fully adjusted HR per 1 SD increase in KTR 11 

values=1.33, 95%CI=1.09-1.63, p=0.005). In this subset, the adjusted association between eGFR 12 

annual decline and all-cause mortality (HR 1.29, 95%CI 1.17-1.43) was slightly attenuated when 13 

also KTR was considered in the fully adjusted model (HR= 1.27, 95%CI = 1.14-1.40). Indeed, 14 

causal mediation analysis showed that a significant and non-trivial proportion of the association 15 

between KTR and all-cause mortality was mediated by eGFR decline (i.e., 24.3%, p=0.006).  16 

 17 

Discussion  18 

In this longitudinal study including 962 patients with type 2 diabetes we observed a direct, 19 

independent relationship between the annual decline in kidney function and the rate of all-cause 20 

mortality. This association is clinically significant, with each milliliter of eGFR decline increasing 21 
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the risk of death by 31%. In addition, when looking at tertiles of eGFR decline, individuals with 1 

the fastest loss of renal function (i.e., belonging to tertile 3) showed an 81% increased risk of 2 

mortality compared to individuals of tertile 1. Of note, the association between eGFR decline and 3 

mortality was modified by both age and HbA1c, being significantly stronger in relatively younger 4 

subjects and in those with better glycaemic control meaning that the deleterious effect of kidney 5 

dysfunction on the risk of death is more evident when other risk factors such as age and poor 6 

glycaemic control are less prevalent. Finally, causal mediation analysis showed that eGFR decline 7 

mediates approximately one fourth of the association between mortality and KTR, a marker of 8 

tryptophan downstream metabolism that recognizes two alternative pathways: one that through 9 

kynurenine is proinflammatory and another that synthesizes 5 methoxy-tryptophan, a molecule 10 

with anti-inflammatory properties (23). Tryptophan depletion has been reported to be associated 11 

with impaired kidney function (24).  The degradation of tryptophan in the kynurenine pathway is 12 

mediated by the enzyme indoleamine 2,3-dioxygenase (IDO) of which KTR is a proxy reflecting 13 

its activity. It is of note that in the general population the KTR was associated with incident CKD 14 

and GFR decline (25). This latter association has been reported also in patients with type 2 diabetes 15 

by us and others (14,15) which makes possible to hypothesize a deleterious effect of kynurenine 16 

and kynurenine metabolites on mesangial cells proliferation (26) and kidney fibrosis (27) as well 17 

as ROS production, cell damage and apoptosis in the kidney (28).  18 

Recently, several studies have reported a positive association between the annual rate of decline 19 

in eGFR and all-cause mortality in both the general population and in people with chronic kidney 20 

disease (7-11). Similar data have also been reported twice in people with diabetes, although a long 21 

follow-up like ours was available only in Chinese (12) but not in people of different ancestral 22 

origin, mostly Europeans (13). In addition, eGFR decline is positively associated with major 23 
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adverse cardiovascular events, including mortality, in people with type 2 diabetes from France 1 

(29). Therefore, taken altogether our and previous (12,13,29) studies clearly indicate that the 2 

association between eGFR decline and mortality rate is a generalizable phenomenon independent 3 

of ethnicity and environmental background. It is worth noting that novel antidiabetic drugs such 4 

as SGLT2 inhibitors and GLP1-RA, which are able to slow GFR decline, also reduce all-cause 5 

mortality, thus reinforcing the plausibility of a causal role of rapid GFR decline in shaping survival 6 

probability in people with type 2 diabetes (30). The mechanisms underlying the association 7 

between rapid decline in eGFR and increased risk of all-cause mortality are beyond the scope of 8 

this study, but several mechanisms could be hypothesized. First, patients with worsening renal 9 

function have an atherogenic risk profile that predisposes to cardiovascular events and heart failure 10 

(7,31), both major causes of death in people with diabetes. The relationship between GFR decline 11 

and heart failure is also supported by the common effect of SGLT2 inhibitors on both kidney 12 

function decline and heart failure, suggesting common etiological factors between the two 13 

outcomes. 14 

This may well be due to endothelial dysfunction, oxidative stress and vascular damage as well 15 

activation of the renin-angiotensin system, conditions which are associated with renal impairment 16 

(32,33). In addition, renal function loss can lead to physical decline, frailty and other indirect 17 

causes of mortality (34). 18 

The strengths of our study include the long duration of follow-up, the rigorous design of the study, 19 

the ability to adjust for a number of important risk factors and the use of linear mixed models to 20 

calculate eGFR slope. Conversely, we must also recognize several limitations. These include the 21 

use of estimated rather than measured GFR, the lack of ACR values for all patients in the study, 22 

the relatively small size of the study cohort. In addition, no information on cardiovascular and 23 
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cancer mortality was available, thus impeding us to look for the association between GFR decline 1 

and these specific causes of death previously reported in type 2 diabetes (29).  Finally, the lack of 2 

data on new antidiabetic drug classes (SGLT2 inhibitors and GLP-1 analogs) which are known to 3 

impact on the risk of death is also a limitation of our study.  4 

In summary, we show that in patients with type 2 diabetes, a rapid decline in eGFR is strongly 5 

associated with future risk of all-cause mortality. Measuring eGFR slope in the clinical set can 6 

therefore be useful to identify those patients who are at high risk of all-cause death and who require 7 

close follow-up for the early initiation of preventive and therapeutic strategies. In addition, eGFR 8 

decline mediates approximately a quarter of the association between KTR and mortality. This 9 

finding points to a novel pathogenic pathway linking tryptophan metabolism, kidney dysfunction 10 

and risk of death, thus calling for further studies to identify new treatments tailored to patients 11 

whose clinical trajectory is likely to follow this path. 12 

Acknowledgements: The authors thank the staff and participants of the aggregate Gargano 13 

Mortality Study for the dedication and contributions.  14 

Data availability: Some or all datasets generated during and/or analyzed during the current study 15 

are not publicly available but are available from the corresponding author on reasonable request.  16 

 17 
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 1 

Figure 1: Mortality by tertiles of eGFR decline. Left (Panel A) incidence rate of mortality per 2 

tertile. The incidence rate is given x 100 person-years after adjustment for age and sex. Right 3 

(Panel B) Kaplan-Meier survival curve: tertile 3 in black, tertile 2 in dark grey and tertile 1 in light 4 

grey. 5 

Figure 2: Association between eGFR decline and mortality in subgroups of demographical 6 

and clinical features. Hazard ratios (HR) and 95% CI per each ml/min increase in the annual rate 7 

of eGFR loss were estimated by Cox regression models. The p value for heterogeneity is shown 8 

for each subgroup. 9 
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Table 1. Clinical features of the entire aGMS cohort (N =2,140), the 962 study individuals and the 575 subjects for metabolomics study    
N = 2,140 N = 962 N = 575 

Women n (%) 1145 (53.5) 455 (47.3) 275 (47.8) 

Age at recruitment (years) 62.0 ± 9.42 60.8 ± 9.7 60.9 ± 9.8 

Smokers n (%) 310 (14.5) 148 (15.4) 79 (13.7) 

BMI (kg/m2) 31.0 ± 5.8 31.2 ± 5.8 31.2 ± 6.0 

Diabetes duration (years) 11.2 ± 9.0 10.8 ± 9.0 11.6 ± 9.3 

HbA1c (%)  8.5 ± 1.9 8.5 ± 1.9 8.4 ± 1.9 

HbA1c mmol/mol 69 ± 20.8 69 ±20.8 68  ± 20.8 

Systolic blood pressure (mmHg) 134.7 ± 17.5 134.2 ± 17.2 134.4 ± 17.0 

Diastolic blood pressure (mmHg) 78.6 (9.21) 78.8 (9.15) 78.8 (8.90) 

Total cholesterol (mg/dl) 188.9 ± 49.8 190.6 ± 55.7 189.5 ± 56.2 

HDL cholesterol (mg/dl) 44.6 ± 12.7 44.5 ± 13.0 44.2 ± 12.7 

Triglycerides (mg/dl) 128.0 [91.0- 181.0] 128.0 [89.0-
180.8] 

128.0 [90.0- 180.0] 

Insulin (w/wo other glucose-lowering agents) n (%) 894 (41.8) 400 (41.6) 268 (46.6) 

Lipid-lowering TX n (%) 1016 (47.5) 419 (43.6) 292 (50.8) 

Blood pressure-lowering TX (%) 1418 (66.3) 600 (62.4) 376 (65.4) 

eGFR (ml/min/1.73 m2) 80.9 ± 18.7 79.2 ± 21.5 77.4 ± 26.1 

ACR (mg/mmol)* 2.07 [0.82-6.27] 1.38 [0.68- 3.70] 1.56 [0.70-4.96] 

Annual rate of eGFR decline** 1.3 (-3.7-7.8) 1.3 (-3.7-7.8) 1.3 (–2.2-0.6) 

All-cause death (n) (%) 1067 (49.9) 452 (47.0) 227 (39.5) 
Follow-up (years); (py) 13.7 ± 5.8 (29,285) 14.8 ± 5.5 

(14,197) 
13.3 ± 5.2 (7,670) 

IR (n events per 100 py) (95% CI) † 3.32 (3.1-3.55) 2.75 (2.5-3.1) 2.46 (2.11-2.88) 

Continuous variables were reported as mean ± SD or median whereas categorical variables as total frequencies and percentages.   Skewed 1 
continuous variables are presented as median [range], BMI (body mass index), HbA1c (glycated hemoglobin), eGFR (estimated glo merular 2 
filtration rate, calculated using CKD-EPI equation), ACR (albumin-creatine ratio).  3 
*Information on albuminuria was available for only 1,529 patients out of the total 2,140-patient group, for 637 patients out of the total 962-patient 4 
group and for all subjects in the 575-patient group.  5 
**In the whole cohort, comprising 2140 patients, annual rate of eGFR decline was available only in the 962 study individuals used in this analysis. 6 
†IR: Incidence rate of mortality is given x 100 person-years, after adjusting for age and gender.  7 
Data above the dotted line have been collected at baseline, while those below the dotted line refer to the follow-up and incidence death, the study 8 
outcome. 9 
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Table 2. Uni- and Multivariable Cox regression model for the risk of mortality – Role of baseline variables  1  
Univariate Analysis Multivariate Analysis 

 HR (95%CI) p-value HR (95%CI) p-value 

Annual rate of decline in eGFR (one ml/min per 1.73 m2) 1.43 (1.34-1.53) <0.0001 1.31 (1.21-1.41) <0.001 

Gender (male vs female) 1.14 (0.95-1.38) 0.1542  1.68 (1.38 -2.04) <0.0001 

Age at recruitment (one year) 1.10 (1.09-1.11) <0.0001 1.08 (1.07-1.09) <0.0001 

BMI (one Kg/m2) 1.01 (1.00-1.03) 0.1506 1.02 (1.00-1.04) 0.02 

Diabetes duration (one year) 1.05 (1.04-1.06) <0.0001 1.01 (1.00-1.02) 0.10 

HbA1c (one unit %) 1.13 (1.08-1.18) <0.0001 1.13 (1.07-1.19) <0.0001 

eGFR (one ml/min per 1.73 m2) 0.97 (0.97-0.97) <0.0001 0.99 (0.98-0.99) <0.0001 

Insulin (w/wo other glucose-lowering agents) (yes vs no) 2.76 (2.29-3.34) <0.0001    1.79 (14.43-2.23) <0.001 

Lipid-lowering TX (yes vs no) 1.50 (1.24-1.82) <0.0001   1.01 (0.82-1.24) 0.96 

Blood pressure-lowering TX (yes vs no) 2.00 (1.63-2.45) <0.0001   1.17 (0.93-1.49) 0.19 
BMI (body mass index), HbA1c (glycated hemoglobin), eGFR (estimated glomerular filtration rate, calculated using CKD -EPI equation).  2 
HRs (per ml/min increase in the annual rate of eGFR loss) were estimated in Cox regression model, adjusted for gender, age at recruitment, HbA1c, 3 
BMI, eGFR, diabetes duration, insulin (w/wo other glucose-lowering agents), lipid-lowering TX, blood pressure-lowering TX and recruitment 4 
period. 5 
 6 
 7 
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Table 3. Risk of all-cause mortality by tertiles of eGFR decline 1 
  HR (95%CI) p-value 

Model 1  
T1 
T2 
T3 

 
1 

2.19 (1.69-2.82) 
3.14 (2.45-3.99) 

 
 

<0.001 
<0.001 

Model 2   
T1 
T2 
T3 

 
1 

1.45 (1.11-1.87) 
1.81 (1.40-2.34) 

 
 

<0.001 
<0.001 

eGFR decline was -3.74 -- 0.79; 0.79 -- 1.85; 1.85 -- 7.77 in tertile 1 (T1), 2 (T2) and 3 (T3), respectively 2 
(negative values indicate improved eGFR at follow-up). The rate of death in tertile 1 is the reference (HR 3 
made equal to 1).   4 
Model 1: adjusted only for the recruitment period.  5 
Model 2: adjusted for gender, age at recruitment, HbA1c, BMI, eGFR, diabetes duration, insulin (w/wo 6 
other glucose-lowering agents), lipid-lowering TX, blood pressure-lowering TX and the recruitment period. 7 
 8 

 9 

 10 

 11 

Figure 1 12 
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 1 
Figure 2 2 
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