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ARTICLE INFO ABSTRACT
Key words: Aims: To assess whether and to what extent excess risk of all-cause death is reduced in individuals with type 2
Type 2 diabetes diabetes by achieving optimal control of traditional cardiovascular risk factors.
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Methods: This observational, prospective, cohort study enrolled 15,773 Caucasian patients in 19 Italian centres in
2006-2008. Participants were stratified according to the number of the following risk factors outside target:
haemoglobin A;, blood pressure, micro/macroalbuminuria, current smoking, LDL cholesterol, and triglycerides.
All-cause mortality was retrieved for 15,656 patients (99.3 %) on 31 October 2015.

Results: Age-adjusted mortality rates and hazard ratios were significantly higher in the whole RIACE cohort (by
~20 %) and in patients with (by ~100 %) but not in those without prior cardiovascular disease (CVD), as
compared with the coeval Italian general population. In all patients and in those without prior CVD, the rela-
tionship with mortality according to the number of risk factors outside target was J-shaped, an effect that was
attenuated after either excluding “overtreated “ patients, i.e., those with haemoglobin A;. <6.0 % on anti-
hyperglycaemic agents causing hypoglycaemia and/or systolic blood pressure <120 mmHg on anti-
hypertensive agents, or adjusting for “overtreatment”. Conversely, in patients with prior CVD, mortality
remained higher than in the general population in all categories and increased progressively from +70 % to
+314 %, without J-effect.

Conclusions: In patients with type 2 diabetes, optimal treatment of traditional cardiovascular risk factors
completely eliminated the excess mortality risk versus the general population, provided that they were not
“overtreated”. However, this effect was observed only in participants without history of CVD.

Trial registration: ClinicalTrials.gov, NCT00715481, retrospectively registered 15 July 2008.

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research
Datalink; CVD, cardiovascular disease; DKD, diabetic kidney disease; DR, diabetic retinopathy; eGDR, estimated glucose disposal rate; GLP-1, glucagon-like peptide-
1; HbA;., haemoglobin A;.; HR, hazard ratio; RIACE, Renal Insufficiency And Cardiovascular Events; SGLT-2, sodium-glucose cotransporter-2; SNDR, Swedish
National Diabetes Register.
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1. Introduction

Risk of death is approximately twice higher in people with diabetes
than in those without, mainly though not exclusively due to an increased
risk of cardiovascular disease (CVD) [1]. However, death rates, both
absolute and relative to non-diabetic individuals, have decreased over
time during the last decades [2-5], a phenomenon attributed to
improved control of CVD risk factors including not only hyperglycaemia,
but also dyslipidaemia and hypertension clustering with impaired
glucose metabolism in the context of the metabolic syndrome, especially
in people with type 2 diabetes [6]. Intensive glycaemic control was in
fact shown to significantly reduce all-cause mortality in patients with
type 2 diabetes from the United Kingdom Prospective Diabetes Study
followed for further 10 years after trial completion [7]. Moreover, tar-
geting multiple risk factors by lifestyle and pharmacological interven-
tion was found to be successful in reducing mortality in patients with
type 2 diabetes from the Steno-2 Study followed for additional 5.5 years
post-trial [8].

These observations have prompted the concept of treat-to-target, i.e.,
treating patients for achieving pre-defined individualized targets for
blood glucose and other CVD risk factors, as an effective approach for
reducing morbidity and mortality from CVD and other causes in people
with type 2 diabetes [9]. The results of cardiovascular and renal
outcome trials showing that glucagon-like peptide-1 (GLP-1) receptor
agonists [10] and sodium-glucose cotransporter-2 (SGLT-2) inhibitors
[11] provide cardiorenal protection beyond their glucose-, but also
blood pressure (BP)-, and body weight-lowering action, stimulated a
paradigm shift from treat-to-target to treat-to-benefit [12], though these
two concepts are not alternative, as achieving targets is also beneficial,
regardless the class of drug used.

However, it is still unclear to what extent control of multiple CVD
risk factors is able to reduce excess mortality risk in type 2 diabetes. A
cohort study in individuals with type 2 diabetes from the Swedish Na-
tional Diabetes Register (SNDR) and matched controls showed that
mortality risk was only marginally increased in diabetic patients on-
target for five risk factors versus controls (hazard ratio [HR] 1.06 (95
% confidence interval [CI] 1.00-1.12), whereas no difference was
observed for acute myocardial infarction and stroke, but risk of hospi-
talization for heart failure was still 45 % higher [13]. More recently, a
retrospective cohort study using data from the UK Clinical Practice
Research Datalink (CPRD) GOLD showed that people with type 2 dia-
betes with optimal control of five CVD risk factors, partly different from
those considered in the SNDR study, still had a 21 % higher risk of CVD
events compared with controls [14].

This analysis of the large cohort of patients with type 2 diabetes from
the Renal Insufficiency And Cardiovascular Events (RIACE) Italian
Multicentre Study was aimed at assessing (a) whether and to what extent
excess risk of all-cause death is reduced in these individuals by achieving
optimal control of traditional CVD risk factors; and (b) whether risk
factor control has differential effects in participants with and without
prior CVD.

2. Methods
2.1. Design

The RIACE Italian Multicentre Study is an observational, prospec-
tive, cohort study on the impact of eGFR on morbidity and mortality in
individuals with type 2 diabetes [15].
2.2. Patients

The RIACE study enrolled 15,933 Caucasian patients, consecutively
attending 19 hospital-based, tertiary referral, outpatients diabetes

clinics of the National Health Service throughout Italy in the years
2006-2008. Exclusion criteria were dialysis or renal transplantation. As

European Journal of Internal Medicine xxx (xxxX) xxx

160 patients were excluded due to missing or implausible values, the
study population consisted of the remaining 15,773 individuals.

2.3. Baseline data

Baseline data were collected using a standardized protocol across
participating centres [15].

Participants underwent a structured interview to collect the
following information: age at the time of the interview, smoking status,
known diabetes duration, comorbidities, and current glucose-, lipid-,
and BP-lowering treatments. Comorbidities included chronic obstruc-
tive pulmonary disease (COPD), chronic liver disease, and cancer.

Body mass index (BMI) was calculated from weight and height,
whereas waist circumference was estimated from log-transformed BMI
values, as previously reported [16]; BP was measured with a sphyg-
momanometer with the patients seated with the arm at the heart level.

Haemoglobin A;. (HbA;.) was measured by HPLC using DCCT-
aligned methods, whereas estimated glucose disposal rate (eGDR), a
surrogate measure of insulin resistance, was calculated using the
following formula, which was validated against the euglycaemic-
hyperinsulinaemic clamp technique also in individuals type 2 diabetes
[17]: eGDR (mg kg'l/min) = 21.158 - (0.09 x waist circumference) -
(3.407 x hypertension) - (0.551 x HbA;.), where waist circumference is
in cm, hypertension is 0 (no) or 1 (yes), and HbA;. is in%. Triglycerides
and total and HDL cholesterol were determined in fasting blood samples
by standard colorimetric enzymatic methods, whereas non-HDL
cholesterol was calculated by subtracting HDL cholesterol to total
cholesterol and LDL cholesterol concentration was estimated using the
Friedewald formula. As this formula is not applicable for triglyceride
levels above 4.52 mmol/L, LDL cholesterol was calculable only in 15,
386 participants.

The presence of diabetic kidney disease (DKD) was assessed by
measuring albuminuria and serum creatinine, as previously reported
[15,18]. Albumin excretion rate was obtained from 24-hour urine col-
lections or calculated from albumin-to-creatinine ratio in early-morning,
first-voided urine samples; albumin concentration in urines was
measured by immunonephelometry or immunoturbidimetry, in the
absence of interfering clinical conditions. Serum (and urine) creatinine
was measured by the modified Jaffe method, traceable to IDMS, and
eGFR was calculated by the Chronic Kidney Disease Epidemiology
Collaboration equation. Patients were then assigned to one of the
following DKD phenotypes [19]: no DKD, albuminuria alone (albu-
minuric DKD with preserved eGFR), reduced eGFR alone (non--
albuminuric DKD), or both albuminuria and reduced eGFR (albuminuric
DKD with reduced eGFR).

The presence of diabetic retinopathy (DR) was assessed in each
centre by an expert ophthalmologist by dilated fundoscopy, as previ-
ously detailed [20]. On the basis of the actual fundus appearance or the
retinal disease condition that had eventually required previous photo-
coagulation or surgical treatment, patients were graded according to the
Global Diabetic Retinopathy Project Group and then stratified into the
following categories: no DR, non-advanced DR (mild or moderate
non-proliferative DR) and advanced DR (severe non-proliferative DR,
proliferative DR, or maculopathy).

Previous major acute CVD events, including myocardial infarction;
stroke; foot ulcer/gangrene/amputation; and coronary, carotid, and
lower limb revascularization, were adjudicated based on hospital
discharge records by an ad hoc committee in each centre [21].

2.4. All-cause mortality

The vital status of study participants on 31 October 2015 was veri-
fied by interrogating the Italian Health Card database (http://sistemats
1.sanita.finanze.it/wps/portal/), which provides updated and reliable
information on all current Italian residents [22].


http://sistemats1.sanita.finanze.it/wps/portal/
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2.5. Categorization of patients

Patients were categorized according to the number of risk factors not
on-target (from none to six) including those considered by Rawshani
et al., i.e., HbA;. >7.0 % (>53 mmol/mol), systolic BP >140 mmHg
and/or diastolic BP >80 mmHg, microalbuminuria or macro-
albuminuria, current smoking, and LDL cholesterol >2.5 mmol/L (>97
mg/dL) [13] plus triglycerides >1.7 mmol/L (>150 mg/dL), as in
Wright et al. [14] (Supplementary Table 1). Patients with prior CVD
were categorized also according to an LDL cholesterol target of 1.8
mmol/L (69.4 mg/dL), consistent with the higher CVD risk in these in-
dividuals versus those without prior CVD.

Then, patients were categorized as described above after stratifica-
tion by prior CVD and after exclusion of “overtreated” patients, i.e.,
those with an HbA;. <6.0 % on anti-hyperglycaemic agents causing
hypoglycaemia (insulin and/or secretagogues) and/or a systolic BP
<120 mmHg on anti-hypertensive agents, according to guidelines for
the management of hyperglycaemia and hypertension [10,23] (Sup-
plementary Table 1).

2.6. Statistical analysis

Data are expressed as mean+SD or median (interquartile range) for
continuous variables, and number of cases and percentage for categor-
ical variables. Comparisons among categories of risk factor control were
performed by one-way ANOVA for continuous variables and Pearson’s
¥ test for categorical variables.

Crude mortality rates were described as events per 1000 patient-
years, with 95 % exact Poisson CIs and adjusted for age by a Poisson
regression model. Mortality among patients with type 2 diabetes from
the RIACE cohort was then compared to that of coeval male and female
individuals from the Italian general population, as derived from the
Italian National Institute of Statistics (ISTAT) life tables during the same
time period (2006-2015) [24]. Kaplan-Meier survival probabilities for
all-cause mortality were estimated according to categories of risk factor
control and differences were analysed using the log-rank statistic. The
HRs and their 95 % ClIs were estimated by Cox proportional hazards
regression and adjusted for age, using data from the general population
as reference. Then, the analyses were repeated using category 1 (i.e.,
patients with one risk factor outside range) as reference and were un-
adjusted (model 1) or sequentially adjusted for age and sex (Model 2),
plus diabetes duration, BMI, HDL cholesterol, lipid-lowering and
anti-hypertensive treatment, DR grade, eGFR categories, any CVD,
COPD, chronic liver disease, and cancer (Model 3), and plus treatment
with anti-hyperglycaemic agents causing hypoglycaemia (yes/no)
(Model 4) or “overtreatment” as defined above (yes/no) (Model 5).
Finally, the HRs and 95 % CIs were calculated for 0.5 % HbA;. and 10
mmHg systolic BP categories using the 6.1-6-5 % and the 111-120
mmHg categories as reference and adjusted for treatment with
anti-hyperglycaemic agents causing hypoglycaemia (yes/no) and
anti-hypertensive drugs (yes/no), respectively.

Additional Cox proportional hazards regression analyses were run to
assess the individual impact of each risk factor outside target on mor-
tality risk, unadjusted (Model 1) and adjusted as in Models 3 and 5.

All p values were two-sided, and a p < 0.05 was considered statisti-
cally significant. Statistical analyses were performed using SPSS version
26.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Valid information on vital status was retrieved for 15,656 partici-
pants (99.3 % of the cohort). At the time of the census, 3602 (23.0 %)
individuals had died; death rate was 31.0 per 1000 person-years (95 %
CI 30.0-32.0) over a follow-up of 7.4 + 2.1 years [19,24].

The distribution and clinical features of the RIACE participants by
categories of risk factor control are shown in Table 1. Only a few patients
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fell in category O (i.e., patients with all risk factors on-target; n = 354,
2.3 %) and particularly in category 6 (i.e., patients with all risk factors
outside target; n = 90, 0.6 %), whereas the majority of participants were
included in category 2 (i.e., patients with two risk factors outside target;
n = 4429, 28.8 %) or 3 (i.e., patients with three risk factors outside
target; n = 4857, 31.6 %). Diabetes duration, BMI, and prevalence of
complications (except CVD showing a J-shaped trend) increased,
whereas age and eGDR decreased from category 0 to category 6.

Kaplan-Meier estimates, percent deaths, and age-adjusted mortality
rates were significantly higher in the whole RIACE cohort and in patients
with prior CVD, but not in those without, as compared with the coeval
Italian general population (Table 2). Likewise, the age-adjusted HRs
were 20 % higher in the whole RIACE cohort and twice higher in pa-
tients with prior CVD, as compared with the general population, with no
difference between patients without prior CVD and controls (Table 3). In
the whole RIACE cohort and in patients without prior CVD, age-adjusted
death rates (Table 2) and HRs (Table 3) were not different from those of
the general population when one or two and one-to-three risk factors
were outside target, respectively, whereas they increased progressively
for further increases in the number of risk factors outside target.
Moreover, a J-shaped trend was observed, with patients on-target for all
risk factors (category 0) showing higher percent deaths and age-adjusted
death rates than those with only one risk factor outside range (category
1), with differences that were not significant for death rates (Table 2)
and were significant only in the whole cohort for HRs (Table 3). The J-
shaped trend in age-adjusted death rates (Table 4) and HRs (Table 5)
was attenuated and/or differences between category 0 and category 1
became non-significant after excluding “overtreated” patients. The J-
shaped relationship between HbA;j. or systolic BP and mortality is
shown in Supplementary Figure 1. Conversely, in patients with prior
CVD, the relationships of age-adjusted death rates (Table 2) and HRs
(Table 3) with categories of risk factor control were linear, with no J-
effect. Values were higher than in the general population in all cate-
gories of risk factor control. The HRs were only slightly lower when
using a more stringent LDL cholesterol target, though the number of
participants falling in category 0 was very small (not shown).

The Cox proportional hazards regression analyses using category 1 as
reference confirmed the progressive increase in the unadjusted HRs for
mortality according to the category of risk factor control, with a higher
mortality risk in category O that was again observed only in the whole
cohort and in patients without prior CVD (Model 1) (Table 6). Differ-
ences between category 0 and 1 remained significant only in patients
without prior CVD when adjusting for age and sex (Model 2) and further
adjusting for multiple confounders (Model 3), but not when including
treatment with anti-hyperglycaemic agents causing hypoglycaemia
(Model 4) or “overtreatment” (Model 5) as covariates (Table 6).

When assessing the individual impact of each risk factor outside
target (Supplementary Table 2), microalbuminuria or macro-
albuminuria and HbA;. >7.0 %, were significantly associated with
mortality in both the unadjusted and adjusted analyses, and this was the
case in the whole cohort as well as in patients with or without prior CVD.
In the whole cohort and in patients without prior CVD, current smoking
was negatively associated with mortality in the unadjusted analysis, but
the relationship became positive when adjusting for confounding and
particularly age, as smokers were much younger than non-smokers.
Moreover, systolic BP >140 mmHg and/or diastolic BP >80 mmHg
were not associated with death in the unadjusted and negatively asso-
ciated with death in the adjusted analyses; LDL cholesterol >2.5 mmol/L
(>97 mg/dL) was inversely associated with mortality in both the un-
adjusted and adjusted analyses; and triglycerides >1.7 mmol/L (>150
mg/dL) were not associated with mortality in both the unadjusted and
adjusted analyses.

4. Discussion

This analysis of patients with type 2 diabetes from the RIACE cohort
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Table 1
Baseline clinical features of the RIACE participants stratified according to the number of CVD risk factors outside target.
Number of CVD risk factors outside target P
0 1 2 3 4 5 6
N (%) 354 (2.3) 2087 (13.6) 4429 (28.8) 4857 (31.6) 2726 (17.7) 843 (5.5) 90 (0.6)
Age, years 67.06+10.65 66.26+10.15 66.64+10.15 67.14+10.34 66.78+10.45 65.08+10.43 62.19+10.27 <0.0001
Sex, n (%) <0.0001

Female 140 (39.5) 887 (42.5) 1995 (45.0) 2163 (44.5) 1141 (41.9) 316 (37.5) 23 (25.6)

Male 214 (60.5) 1200 (57.5) 2434 (55.0) 2694 (55.5) 1585 (58.1) 527 (62.5) 67 (74.4)

Smoking status, n (%) <0.0001

Never 239 (67.5) 1371 (65.7) 2752 (62.1) 2796 (57.6) 1287 (47.2) 276 (32.7) 0 (0)

Former 115 (32.5) 651 (31.2) 1368 (30.9) 1362 (28.0) 669 (24.5) 163 (19.3) 0 (0)

Current 0 (0) 65 (3.1) 309 (7.0) 699 (14.4) 770 (28.2) 404 (47.9) 90 (100)

Diabetes Duration, years 11.1448.89 11.62+10.06 12.49+10.13 13.83+10.24 14.39+10.20 14.324+10.05 13.20+8.98 <0.0001
HbA;.,% 6.20+0.55 6.69+1.11 7.12+1.30 7.76+£1.42 8.21+1.49 8.68+1.66 8.91+1.50 <0.0001
(mmol/mol) (44.2 £6.)0 (49.6 £12.2) (54.4 + 14.2) (61.3 + 15.5) (66.2 + 16.3) (71.3 £18.2) (73.9 + 16.4)

eGDR, mg kg!/min 6.50£2.02 5.90+£1.94 5.31+1.81 4.69+1.76 4.25+1.71 3.77£1.68 3.69£1.67 <0.0001
BMI, kg/m2 27.39+4.97 28.00+4.98 28.52+5.02 29.14+5.16 29.70+5.18 30.47+5.38 30.37+5.96 <0.0001
Waist circumference, cm 99.3 +£10.1 100.5 + 10.0 101.5 +10.1 102.8 + 10.5 104.0 + 10.4 105.7 + 10.9 105.9 + 12.4 <0.0001
Triglycerides, mmol/L 0.98 1.07 1.15 1.35 1.82 213 2.12 <0.0001

(0.77-1.30) (0.82-1.36-) (0.88-1.49) (1.00-1.86) (1.28-2.33) (1.81-2.59) (1.93-2.59)

Total cholesterol, mmol/L 3.79+0.57 4.17+0.81 4.56+0.90 4.87+0.90 5.20+0.96 5.44+0.90 5.65+0.88 <0.0001
HDL-cholesterol, mmol/L 1.35+0.38 1.36+0.39 1.3440.36 1.29+0.34 1.22+0.31 1.16+0.28 1.09+0.28 <0.0001
Non-HDL cholesterol, mmol/L 2.44+0.43 2.81+0.73 3.22+0.81 3.59+0.82 3.99+0.90 4.28+0.83 4.57+0.85 <0.0001
LDL cholesterol, mmol/L 1.97+0.40 2.29+0.70 2.65+0.80 2.89+0.80 3.12+0.85 3.26+0.77 3.49+0.78 <0.0001
Dyslipidaemia, n (%) 192 (54.2) 1365 (65.4) 3458 (78.1) 4187 (86.2) 2503 (91.8) 794 (94.2) 87 (96.7) <0.0001
Systolic BP, mmHg 120.7 +£10.1 130.1 £ 16.4 136.6 £ 17.6 140.2 £ 17.7 142.7 £ 17.8 144.7 + 16.7 144.8 + 16.4 <0.0001
Diastolic BP, mmHg 68.4 +£ 5.8 74.4 £ 9.2 78.1 £ 9.2 80.0 £ 9.0 81.1 £8.9 82.3 £8.7 83.6 £ 8.4 <0.0001
Pulse pressure, mmHg 52.31+10.18 55.78+13.72 58.50+15.39 60.20+£16.05 61.55+16.48 62.45+16.35 61.21+16.67 <0.0001
Hypertension, n (%) 239 (67.5) 1549 (74.2) 3619 (81.7) 4186 (86.2) 2423 (88.9) 764 (90.6) 80 (88.9) <0.0001
Anti-hyperglycaemic treatment, n

(%)

Lifestyle 74 (20.9) 376 (18.0) 735 (16.6) 584 (12.0) 237 (8.7) 57 (6.8) 4(4.4) <0.0001

Non-insulin 210 (59.3) 1313 (62.9) 2765 (62.4) 3015 (62.1) 1649 (60.5) 484 (57.4) 50 (55.6)

Insulin 70 (19.8) 398 (19.1) 929 (21.0) 1258 (25.9) 840 (30.8) 302 (35.8) 36 (40.0) <0.0001
Anti-hypertensive treatment, n (%) 239 (67.5) 1393 (66.7) 3069 (69.3) 3458 (71.2) 2009 (73.7) 638 (75.7) 66 (73.3) <0.0001
Lipid-lowering treatment, n (%) 192 (54.2) 1050 (50.3) 2043 (46.1) 2121 (43.7) 1208 (44.3) 408 (48.4) 39 (43.3) <0.0001
AER, mg/24h 8.12 9.00 10.80 13.59 31.20 66.96 97.50 <0.0001

(4.59-14.10) (4.67-15.98) (5.70-18.63) (6.91-31.40) (11.00-83.47) (34.29-185.96) (50.07-350.31)
eGFR, mL/min/1.73 m? 81.60+19.27 83.42+18.72 81.60+19.55 79.78+20.58 77.55+22.67 76.88+25.26 82.57+26.01 <0.0001
DKD phenotypes, n (%) <0.0001

Alb~/eGFR™ 304 (85.9) 1775 (85.1) 3405 (76.9) 3121 (64.3) 1117 (41.0) 148 (17.6) 0(0.0)

Alb*/eGFR™ 0 (0) 62 (3.0) 387 (8.7) 884 (18.2) 994 (36.5) 477 (56.6) 72 (80.0)

Alb~/eGFR* 50 (14.1) 218 (10.4) 483 (10.9) 488 (10.0) 204 (7.5) 11 (1.3) 0 (0.0)

Alb*/eGFR™ 0 (0) 32 (1.5) 154 (3.5) 364 (7.5) 411 (15.1) 207 (24.6) 18 (20.0)

DR, n (%) <0.0001

No 300 (84.7) 1760 (84.3) 3581 (80.9) 3722 (76.6) 1982 (72.7) 580 (68.8) 64 (71.1)

Non-advanced 34 (9.6) 196 (9.4) 501 (11.3) 631 (13.0) 411 (15.1) 131 (15.5) 17 (18.9)

Advanced, 20 (5.6) 131 (6.3) 347 (7.8) 504 (10.4) 333 (12.2) 132 (15.7) 9 (10.0)

CVD, n (%)

Any 94 (26.6) 481 (23.0) 965 (21.8) 1096 (22.6) 680 (24.9) 202 (24.0) 27 (30.0) 0.017

Myocardial infarction 52 (14.7) 265 (12.7) 483 (10.9) 533 (11.0) 289 (10.6) 69 (8.2) 13 (14.49) 0.004

Coronary revascularization 56 (15.8) 252 (12.1) 442 (10.0) 444 (9.1) 261 (9.6) 85 (10.1) 13 (14.4) <0.0001

Any coronary event 75 (21.2) 357 (17.1) 659 (14.9) 720 (14.8) 408 (15.0) 112 (13.3) 18 (20.0) 0.002

Stroke 75 (21.2) 357 (17.1) 659 (14.9) 720 (14.8) 408 (15.0) 112 (13.3) 18 (20.0) 0.002

Carotid revascularization 14 (4.0) 61 (2.9) 138 (3.1) 151 (3.1) 98 (3.6) 29 (3.4) 8(8.9) 0.060

Any cerebrovascular event 15 (4.2) 76 (3.6) 216 (4.9) 261 (5.4) 205 (7.5) 58 (6.9) 11 (12.2) <0.0001

Ulcer/gangrene/amputation 27 (7.6) 130 (6.2) 332 (7.5) 389 (8.0) 288 (10.6) 83 (9.8) 17 (18.9) <0.0001

Lower limb revascularization 8(2.3) 47 (2.3) 124 (2.8) 162 (3.3) 124 (4.5) 48 (5.7) 3(3.3) <0.0001

Any peripheral event) 12 (3.4) 85 /4.1) 220 (5.0) 271 (5.6) 200 (7.3) 71 (8.4) 11 (12-2) <0.0001
Comorbidities, n (%)

Any 71 (20.1) 442 (21.2) 750 (16.9) 811 (16.7) 495 (18.2) 148 (17.6) 19 (21.1) <0.0001

COPD 15 (4.2) 100 (4.8) 173 (3.9) 196 (4.0) 140 (5.1) 32(3.8) 6 (6-7) 0.121

Chronic liver disease 42 (11.9) 221 (10.6) 371 (8.4) 387 (8.0) 237 (8.7) 67 (7.9) 10 (11.1) 0.004

Cancer 23 (6.5) 164 (7.9) 281 (6.3) 304 (6.3) 175 (6.4) 59 (7.0) 6 (6.7) 0.310
Follow-up, years 7.394+2.15 7.56+2.00 7.51+1.98 7.41+2.03 7.24+2.16 7.15+2.26 7.35+2.03 <0.0001

Data are expressed as mean (SD) or median (interquartile range; IQR) for continuous variables, and number of cases (percentage) for categorical variables.

RIACE = Renal Insufficiency And Cardiovascular Events; CVD = cardiovascular disease; HbA;. = haemoglobin A;.; eGDR = estimated glucose disposal rate; BMI =
body mass index; BP = blood pressure; AER = albumin excretion rate; eGFR = estimated glomerular filtration rate; Alb~/eGFR~ = no DKD, Alb*/eGFR™ = albuminuric
DKD with preserved eGFR; Alb~/eGFR™ = non-albuminuric DKD; Alb*/eGFR" = albuminuric DKD with reduced eGFR; DR = diabetic retinopathy; COPD = chronic
obstructive pulmonary disease.



M. Garofolo et al.

Table 2

European Journal of Internal Medicine xxx (xxxX) xxx

Number and percentage of deaths, survival analysis by Kaplan-Meier, and age-adjusted death rates according to number of CVD risk factors outside target in the whole
RIACE cohort versus the coeval Italian general population and in the RIACE participants without and with prior CVD.

Deaths

Death rate, x1000 patients/year (95 % CI)

n/total (%)

General population (n = 3625,975) vs RIACE

cohort (n = 15,386)

RIACE participants without prior RIACE participants with prior
CVD (n = 11,841) CVD
(n = 3545)

General population 711,903/3625,975
(19.64)

3542/15,386 (23.0)

19.64 (19.59-19.69)

RIACE cohort
Number of CVD risk factors
outside target
No risk factor
1 risk factor
2 risk factors
3 risk factors
4 risk factors
5 risk factors
6 risk factors

23.47 (22.50-24.47)

91/354 (25.7)
415/2087 (19.9)
905/4429 (20.4)
1113/4857 (22.9)
724/2726 (26.6)
264/843 (31.3)
30/90 (33.3)

25.34 (20.59-31.17) *
20.72 (18.77-22.88)

22.18 (20.77-23.68)
27.27 (25.23-29.47) **
38.21 (33.81-43.19) ***
49.50 (34.60-70.81) ****

20.77 (19.37-22.27 (19.37-22.27)

19.27 (18.30-20.30) 39.55 (36-78-42.53)

23.25 (17.94-30.12) *
17.14 (15.12-19.43)
17.35 (15.91-18.92)
18.07 (16.65-19.61)
21.65 (19.59-23.94) **
32.75 (28.10-38.16) ***
35.82 (21.21-60.48)

33.37 (23.62-47.15)
33.77 (28.72-39.72)
34.64 (30.76-39.01)
38.75 (34.74-43.22)
47.14 (41.62-53.41) *
58.16 (47.41-71.34) **
81.38 (49.79-133.01 ***

Kaplan-Meier Pairwise comparisons
Log Rank = 86.60 *p < 0.0001 vs 5;p=0.01vs6 *p <0.02vs5 *p<0.05vs0,3;p<0.001vs
(p < 0.0001) **p < 0.0001 vs 1-3, 5; p < 0.05vs 6 **p < 0.004 vs 1-3; p < 0.0001 vs 5 1,2

*** p < 0.0001 vs 0-4

**k%p < 0.02vs 1, 4; p < 0.003 vs 1-3

***p < 0.02vs 0; p < 0.0001 vs 1-4 **p <0.005vs0,3;p <
0.0001vs 1,2

**% p < 0.05 vs 0-3

CVD = cardiovascular disease; RIACE = Renal Insufficiency And Cardiovascular Events; CI = confidence interval.

Table 3

Survival analysis by Cox proportional hazard regression, adjusted for age, ac-
cording to number of CVD risk factors outside target in the whole RIACE cohort
versus the coeval Italian general population and in the RIACE participants
without and with prior CVD. HRs (95 % CI) for mortality are shown.

Whole RIACE RIACE participants RIACE participants
cohort (n = without prior CVD with prior CVD (n
15,386) (n=11,841) = 3545)

General Ref. Ref. Ref.

population

RIACE cohort 1.20 0.98 (0.94-1.02) 2.01 (1.93-2.10)
(1.16-1.23)

Number of CVD

risk factors
outside target
No risk factor 1.29

1.18 (0.94-1.49) 1.72 (1.30-2.24)

(1.08-1.53)

1 risk factor 1.06 0.87 (0.78-0.98) 1.72 (1.51-1.95)
(0.97-1.15)

2 risk 1.06 0.88 (0.82-0.95) 1.76 (1.61-1.93)
factors (1.00-1.12)

3 risk factors 1.13 0.92 (0.86-0.98) 1.97 (1.83-2.13)
(1.07-1.20)

4 risk factors 1.39 1.10 (1.01-1.20) 2.40 (2.21-2.61)
(1.30-1.48)

5 risk factors 1.95 1.67 (1.46-1.90) 2.96 (2.56-3.42)
(1.76-2.15)

6 risk factors 2.52 1.82(1.15-2.90) 4.14 (3.03-5.67)
(1.88-3.38)

CVD = cardiovascular disease; RIACE = Renal Insufficiency And Cardiovascular
Events; HR = hazard ratio; CI = confidence interval.

showed that optimal treatment of six traditional CVD risk factors was
effective in completely eliminating the excess risk of all-cause death
versus the general population. However, this was observed in patients
with one or two risk factors outside target, but not in those with all risk
factors on-target, who showed higher mortality rates and HRs than
controls, though such differences became non-significant after excluding
“overtreated” patients or adjusting for “overtreatment”. More impor-
tantly, the extent of reduction of excess risk of death with optimal risk
factor control differed according to the history of CVD. In fact, in par-
ticipants without prior CVD, risk of death was only 20 % higher than in
controls and having only half of the risk factors (i.e., three out of six) on-
target was sufficient for having a mortality risk similar to that of the

general population, a finding that was again not observed if all risk
factors were on-target. Conversely, in patients with prior CVD, risk of
death was twice higher than in controls, increased linearly according to
the number of risk factors outside target with no J-effect, and treating
risk factors to target was not effective in eliminating the excess risk
versus the general population, even when excluding “overtreated” pa-
tients or adjusting for “overtreatment”. Finally, of the six risk factors
considered, microalbuminuria or macroalbuminuria, HbA;. >7.0 %,
and current smoking appeared to have the greatest impact on mortality.

The finding that optimal treatment of traditional risk factors in pa-
tients with type 2 diabetes was effective in matching mortality risk of
these individuals to that of the general population is consistent with
previous findings from the SNDR showing only a 6 % and 9 % increased
risk of death in diabetic with no or only one of five risk factors outside
target, respectively, versus non-diabetic people [13]. It also consistent
with the SNDR data on myocardial infarction and stroke, showing that
risk of these two major causes of CVD death in patients with type 2
diabetes was not different in those with optimal risk factor control
compared with non-diabetic controls, though risk of heart failure
remained markedly higher [13]. The minimal differences between our
results and those of Rawshani et al. might depend on differences in the
control group, which consisted of non-diabetic individuals for compar-
ison with the SNDR cohort and the coeval general population for com-
parison with the RIACE cohort. Therefore, our control group included
also patients with type 2 diabetes, who were ~4 % of the Italian general
population at the time the study started, though percentage was higher
among individuals in the same age range as the RIACE participants. This
may have attenuated differences between the diabetic and control
groups in our study, in addition to the effect of risk factor control.
Conversely, our data seems at odds with those from the CPRD showing
that treating five risk factors to target reduced, but did not eliminate the
excess risk of individuals with type 2 diabetes, which remained 21 %
higher than in controls, though these data refer to CVD events, not to
all-cause mortality [14]. It is important to highlight the fact that, when
our study as well as those of Rawshani et al. and Wright et al. were
started, only a few therapeutic options were available (i.e., insulin,
sulfonylureas, glinides, metformin, glitazones, and acarbose), whereas
GLP-1 receptor agonists and SGLT-2 inhibitors were introduced only
later and the percentages of patients on these cardio-nephroprotective
drugs at the end of the follow-up periods were negligible. This
allowed us to rule out an effect of treatment beyond glycaemia and other
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Number and percentage of deaths, survival analysis by Kaplan-Meier, and age-adjusted death rates according to number of CVD risk factors outside target in the whole
RIACE cohort versus the coeval Italian general population and in the RIACE participants without and with prior CVD, after excluding “overtreated” patients.

Deaths Death rate, x1000 patients/year (95 % CI)

n/total (%)

General population (n = 3625,975) vs RIACE

cohort (n = 12,666)

RIACE participants without prior RIACE participants with prior
CVD (n = 9994) CVD
(n = 2672)

General population 711,903/3625,975
(19.64)

2773/12,666 (21.9)

19.64 (19.59-19.69)

RIACE cohort
Number of CVD risk factors
outside target

22.23 (21.20-23.31)

18.5 (17.54-19.67) 37.80 (34.72-41.16)

No risk factor
1 risk factor

2 risk factors
3 risk factors

34/187 (18.2)

255/1478 (17.3)
665/3517 (18.9)
900/4154 (21.7)

19.68 (14.05-27.56)
18.25 (16.10-20.68)
19.34 (17.84-20.96)
20.73 (19.27-22.30)

19.35 (13.17-28.44)
15.25 (13.07-17.79)
16.70 (15.16-18.41)
17.27 (15.79-18.89)

22.62 (11.29-45.32)
31.34 (25.26-38.88)
31.55 (27.27-36.49)
35.97 (31.69-40.84)

4 risk factors
5 risk factors
6 risk factors

643/2453 (26.2)
250/793 (31.5)
26/84 (31.0)
Kaplan-Meier

Log Rank = 113.46
(p < 0.0001)

26.44 (24.33-28.74) *
37.95 (33.45-43.06) **
45.25 (30.80-66.48) ****
Pairwise comparisons

0.0001 vs 0-4

***p=0.007 vs 1, 4, p < 0.005 vs 1-3; p <

0.05vs 4

*p < 0.0001 vs 1-3, 5;p < 0.05vs 6 ** p <

21.34 (19.19-23.72) *
32.68 (27.93-38.25) **
31.87 (18.10-56.13)

45.59 (39.74-52.31) *
57.52 (46.52-71.12) **
76.80 (45.43-129.85) ***

*p <0.0001vs1,5;p<0.002vs2, *p<0.01vsO0,3;p<0.001vs
3 1, 2;
**p =0.004 vs 0; p < 0.0001 vs 1-4 **p=0.001vs0,3;p <
0.0001 vs 1,2
**¥% p < 0.05 vs 0-3

CVD = cardiovascular disease; RIACE = Renal Insufficiency And Cardiovascular Events; CI = confidence interval.

Table 5

Survival analysis by Cox proportional hazard regression, adjusted for age, ac-
cording to number of CVD risk factors outside target in the whole RIACE cohort
versus the coeval Italian general population and in the RIACE participants
without and with prior CVD, after excluding “overtreated” patients. HRs (95 %
CI) for mortality are shown.

Whole RIACE RIACE participants RIACE participants

cohort (n = without prior CVD with prior CVD (n
12,666) (n =9994) = 2672)
General Ref. Ref. Ref.
population
RIACE cohort 1.13 0.96 (0.92-1.04) 1.93 (1.83-2.02)
(1.10-1.17)

Number of CVD
risk factors
outside target
No risk factor 1.00

0.99 (0.69-1.40) 1.52 (0.94-2.46)

(0.74-1.36)

1 risk factor 0.93 0.78 (0.67-0.89) 1.60 (1.34-1.90)
(0.83-1.04)

2 risk factors 0.99 0.87 (0.78-0.98) 1.61 (1.43-1.80)
(0.92-1.06)

3 risk factors 1.06 0.92 (0.82-0.98) 1.82 (1.67-2.01)
(1.02-1.12)

4 risk factors 1.35 1.12 (1.02-1.19) 2.32 (2.12-2.55)
(1.26-1.44)

5 risk factors 1.93 1.66 (1.46-1.90) 2.93 (2.52-3.40)
(1.74-2.14)

6 risk factors 2.30 1.62 (0.98-2.69) 3.91 (2.76-5.54)
(1.67-3.17)

CVD = cardiovascular disease; RIACE = Renal Insufficiency And Cardiovascular
Events; HR = hazard ratio; CI = confidence interval.

risk factors, which would have hidden the role of risk factor control per
se. Taken together, our results strongly support the importance of
achieving targets for traditional CVD risk factors for aligning mortality
of patients with type 2 diabetes to that of non-diabetic individuals.
The J-effect observed in the whole RIACE cohort and in patients
without a history of CVD is at variance with data from the Steno-2 [8],
SNDR [13] and CPRD [14] cohorts, but consistent with previous reports
showing such a non-linear relationship between achieved HbA;. [25-27]
or BP [28-30] and mortality, with both higher and lower values asso-
ciated with increased all-cause death. More importantly, the finding that
the apparently higher increased risk of death in patients with no versus

one risk factor outside target became non-significant when adjusting for
“overtreatment” of hyperglycaemia and/or hypertension is in keeping
with previous studies showing that the J-effect was related to the type of
treatment rather than to the glucose and/or BP levels per se. In fact,
reports form the RIACE Study [31] and the Fremantle Diabetes Study
Phase II [32] showed that the increased mortality associated with lower
HbA; levels in people with type 2 diabetes was observed only in those
treated with sulfonylurea and/or insulin. Likewise, the increased mor-
tality reported in hypertensive patients with low BP levels was found to
be related to intensive anti-hypertensive treatment [33-35]. These ob-
servations prompted the American Diabetes Association to recommend
variable HbA;. target according to several potential risks associated
with achievement of near-normoglycaemia with anti-hyperglycaemic
treatment, including the risk of treatment-induced hypoglycaemia [9].
However, as the classes of anti-hyperglycaemic agents that have been
made available during the last decades do not cause hypoglycaemia, the
use of these drugs may likely allow to safely achieve more stringent
HbA;. goals even in high-risk patients. Similarly, the guidelines of the
European Society of Cardiology for the treatment of hypertension in
diabetic patients recommend not to achieve systolic BP levels <120
mmHg (<130 mmHg in older individuals) and diastolic BP levels <70
mmHg, implying the need of de-intensifying anti-hypertensive therapy if
BP levels fell below these thresholds [23]. Our findings provide further
support to guideline recommendations of avoiding
overtreatment-induced hypoglycaemia and hypotension.

The differential impact of risk factor control on mortality risk in
patients with type 2 diabetes with versus without prior CVD is attrib-
utable to the 5-fold higher excess risk of death in the former than in the
latter group (4+100 % versus +20 %) and is consistent with data on CVD
events from the CPRD and the Scottish Care Information (SCI)-Diabetes
dataset, showing that patients with cardio-renal disease and poor versus
optimal control of all five CVD risk factors had only a 9 % increased risk,
whereas risk was 96 % higher in those without cardio-renal disease who
were not on-target for all risk factors [14]. Our data are also in keeping
with previous studies showing no excess mortality risk versus controls in
patients with type 2 diabetes falling in the lowest albuminuria or the
highest eGFR category, though this was the case in older, but not in
younger individuals [24,36]. This implies that a widespread use of
GLP-1 receptor agonists and SGLT-2 inhibitors might help in reducing
the risk of death close to that of non-diabetic individuals also in diabetic
patients with prior CVD, in addition to allow achieving an optimal
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Table 6

Survival analysis by Cox proportional hazard regression according to number of CVD risk factors outside target in the whole RIACE cohort and the RIACE participants
without and with prior CVD, after excluding “overtreated” patients, unadjusted (Model 1) or adjusted for age and sex (Model 2), plus several confounders (Model 3) or
further adjusted for anti-hyperglycaemic treatment (Model 4) or “overtreatments”. HRs (95 % CI) for mortality are shown.

Whole cohort (n = 15,386) Patients without prior CVD (n = Patients with prior CVD (n = 3545)
11,841)
HR 95 % CI P HR 95 % CI I3 HR 95 % CI P

Model 1
Number of CVD risk factors outside target <0.0001 <0.0001 <0.0001

No risk factor 1.327 1.058-1.665  0.015 1.420  1.068-1.889 0.016 1.107  0.761-1.611  0.595

1 risk factor 1 1 1

2 risk factors 1.034 0.921-1.162 0.570 1.056 0.912-1.222 0.470 1.042 0.861-1.260 0.673

3 risk factors 1.177 1.051-1.317 0.005 1.178 1.021-1.360 0.024 1.205 1.003-1.447 0.046

4 risk factors 1.399  1.240-1.579  <0.0001  1.334  1.142-1.557 <0.0001  1.483 1.223-1.798  <0.0001

5 risk factors 1.676  1.436-1.956  <0.0001 1.719  1.415-2.088 <0.0001  1.618  1.256-2.086  <0.0001

6 risk factors 1.731 1.195-2.507 0.004 1.375 0.803-2.355 0.246 2.035 1.217-3.404 0.007
Model 2
Age 1.100  1.096-1.104 <0.0001  1.102  1.097-1.108 <0.0001  1.083  1.075-1.090  <0.0001
Male sex 1.478 1.380-1.582 <0.0001 1.412 1.297-1.537 <0.0001 1.313 1.168-1.477 <0.0001
Number of CVD risk factors outside target <0.0001 <0.0001 <0.0001

No risk factor 1.208  0.963-1.515  0.103 1.373  1.032-1.826 0.029 0.954  0.655-1.389  0.805

1 risk factor 1 1 1

2 risk factors 1.019  0.908-1.145  0.746 1.022  0.883-1.184 0.768 1.047  0.866-1.267  0.635

3 risk factors 1.089  0.973-1.220  0.137 1.061  0.920-1.225 0.414 1.185  0.986-1.424  0.071

4 risk factors 1.335 1.183-1.506  <0.0001  1.274  1.091-1.488 0.002 1.431 1.180-1.735  <0.0001

5 risk factors 1.896 1.625-2.213  <0.0001  1.948  1.603-2.366 <0.0001  1.803  1.398-2.324  <0.0001

6 risk factors 2.310 1.594-3.347  <0.0001 1.991 1.162-3.410 0.012 2.465 1.474-4.122  0.001
Model 3
Age, year 1.084 1.079-1.090 <0.0001 1.089 1.083-1.096 <0.0001 1.074 1.066-1.083 <0.0001
Male sex 1.371  1.277-1.472  <0.0001  1.370  1.254-1.496 <0.0001  1.350 1.195-1.525  <0.0001
Diabetes duration, year 1.005  1.002-1.009  0.002 1.008  1.004-1.00912  <0.0001 - - -
BMI, kg/m? - - - - - - - - -
HDL cholesterol, x 5 mg/dL 0.965  0.953-0.978  <0.0001 0.971  0.956-0.987 0.001 0.959  0.938-0.980  <0.0001
Lipid-lowering treatment 0.783  0.731-0.840  <0.0001  0.798  0.730-0.872 <0.0001  0.746  0.666-0.836  <0.0001
Anti-hypertensive treatment 1.187 1.088-1.294 <0.0001 1.163 1.052-1.285 0.003 1.230 1.029-1.471 0.023
eGFR categories <0.0001 <0.0001 <0.0001

G1 (90 mLemin'e1.73m %) 1 1 1

G2 (60-89 mLemin~'e1.73m~2) 0.984  0.891-1.085  0.740 1.017  0.904-1.144 0.780 0.890  0.746-1.061  0.194

G3 (30-59 mLemin~'e1.73m2) 1.426 1.272-1.599 <0.0001 1.404 1.216-1.622 <0.0001 1.400 1.158-1.692 <0.0001

G4-5 (<30 mLemin'e1.73m™2) 2,512  2.101-3.003  <0.0001 2.718  2.136-3.460 <0.0001  2.321 1.769-3.046  <0.0001
DR grade <0.0001 <0.0001 <0.0001

No 1 1 1

Non-advanced 1.172 1.066-1.288 0.001 1.098 0.969-1.245 0.144 1.244 1.079-1.433 0.003

Advanced 1.407  1.273-1.555 <0.0001  1.453  1.272-1.660 <0.0001  1.327 1.141-1.543  <0.0001
Any CVD 1.593  1.481-1.714  <0.0001
COPD 1.432 1.267-1.619 <0.0001 1.447 1.228-1.704 <0.0001 1.427 1.184-1.720 <0.0001
Chronic liver disease 1.515 1.369-1.675 <0.0001  1.826  1.608-2.074 <0.0001  1.172  0.993-1.384  0.061
Cancer 1.739  1.566-1.932  <0.0001 1.858  1.633-2.113 <0.0001 1.511 1.259-1.813  <0.0001
Number of CVD risk factors outside target <0.0001 <0.0001 0.069

No risk factor 1.194  0.951-1.498 0.126 1.333  1.002-1.773 0.049 1.032  0.709-1.504  0.868

1 risk factor 1 1 1

2 risk factors 1.004  0.894-1.128  0.943 1.012  0.873-1.172 0.877 1.005  0.830-1.218  0.957

3 risk factors 1.028  0.917-1.151  0.639 1.011  0.875-1.168 0.883 1.077  0.895-1.296  0.432

4 risk factors 1.115 0.987-1.261  0.081 1.090  0.931-1.276 0.285 1.193  0.981-1.451  0.077

5 risk factors 1.488 1.271-1.742  <0.0001 1.604 1.316-1.956 <0.0001 1.366  1.054-1.720  0.018

6 risk factors 1.543  1.062-2.240  0.023 1.716  1.000-2.944 0.050 1.527  0.906-2.573  0.112
Model 4
Anti-hyperglycaemic treatment

Drugs not causing hypoglycaemia 1 1 1

Drugs causing hypoglycaemia 1.468 1.351-1.596  <0.0001 1.461  1.318-1.619 <0.0001  1.441 1.249-1.662  <0.0001
Number of CVD risk factors outside target <0.0001 <0.0001 0.153

No risk factor 1.191 0.949-1.495 0.131 1.317 0.990-1.752 0.059 1.040 0.714-1.514 0.839

1 risk factor 1 1 1

2 risk factors 0.993  0.884-1.116  0.905 0.997  0.861-1.155 0.971 0.994  0.821-1.204  0.950

3 risk factors 1.005 0.897-1.126  0.932 0.983  0.851-1.135 0.813 1.058  0.879-1.274  0.548

4 risk factors 1.076  0.952-1.217  0.241 1.042  0.889-1.220 0.613 1.160  0.953-1.411  0.139

5 risk factors 1.420 1.213-1.662  <0.0001  1.512  1.240-1.845 <0.0001  1.318 1.017-1.708  0.037

6 risk factors 1.441  0.993-2.093  0.055 1.543  0.899-2.648 0.116 1.442  0.856-2.430  0.169
Model 5
HbA;. <6.0 % on anti-hyperglycaemic agents causing

hypoglycaemia

No 1 1 1

Yes 1.371  1.204-1.561  <0.0001  1.379  1.160-1.639 <0.0001  1.308 1.073-1.593  0.008
Systolic BP <120 mmHg on anti-hypertensive agents

No 1 1 1

Yes 1.167 1.060-1.284 0.002 1.119 0.982-1.275 0.091 1.226 1.063-1.412 0.005
Number of CVD risk factors outside target <0.0001 <0.0001 0.005

(continued on next page)
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Whole cohort (n = 15,386)

Patients without prior CVD (n = Patients with prior CVD (n = 3545)

11,841)
HR 95 % CI 14 HR 95 % CI P HR 95 % CI P
Model 1

No risk factor 1.109  0.882-1.394  0.377 1.246  9.934-1.661 0.135 0.954  0.654-1.393  0.809
1 risk factor 1 1 1

2 risk factors 1.027  0.913-1.154  0.661 1.032  0.890-1.196 0.675 1.031  0.851-1.250  0.754
3 risk factors 1.077  0.959-1.208  0.209 1.052  0.909-1.217 0.496 1.141  0.945-1.377  0.170
4 risk factors 1.192  1.052-1.352  0.006 1.152  0.980-1.352 0.086 1.295 1.059-1.584  0.012
5 risk factors 1.610 1.371-1.890 <0.0001 1.706 1.394-2.086 <0.0001 1.517 1.163-1.979 0.002
6 risk factors 1.681  1.156-2.445  0.007 1.836  1.068-3.154 0.028 1.700  1.005-2.875  0.048

CVD = cardiovascular disease; RIACE = Renal Insufficiency And Cardiovascular Events; HR = hazard ratio; CI = confidence interval; BMI = body mass index; eGFR =
estimated glomerular filtration rate; DR = diabetic retinopathy; COPD = chronic obstructive pulmonary disease; HbA;. = haemoglobin A; ., BP = blood pressure; HR =

hazard ratio; CI = confidence interval.

control of risk factors without causing hypoglycaemia. A recent study
assessing the effect of a treat-to-benefit approach including prescription
of these agents to patients with prior CVD showed a lower risk of
all-cause and CVD mortality as well of major adverse CVD events and
hospitalization for heart failure [37].

Finally, the strong association of HbA;. >7.0 %, and current smoking
with mortality, but not that of microalbuminuria or macroalbuminuria,
is also in keeping with the SNDR data, showing that HbA;. was the best
predictor of myocardial infarction and stroke, whereas smoking was the
best predictor of death [13]. Conversely, the paradox inverse association
with mortality of BP and LDL cholesterol levels outside target is likely
due to an indication effect, i.e., patients more complicated and, hence, at
higher risk of death, were treated more (and more intensively) and,
therefore, presented with lower BP and lipid levels.

Strength of our study include the large sample size, the completeness
of baseline and follow-up data and the assessment of a wide range of
clinical parameters which allowed stratifying patients by the number of
risk factors on-target and also accounting for several confounding fac-
tors including complications and comorbidities. However, there are
several limitations. First, the analysis is based on baseline risk factor
profile, which has likely changed during the follow-up for several rea-
sons, including disease progression, guideline change, and availability
of new drugs, the use of which was however very limited at the time of
the census, as discussed above. Second, the lack of information on the
causes of death did not allow detecting differences in CVD versus non-
CVD deaths. Third, results may have been affected by unmeasured
confounders that can affect mortality, including education, socio-
economic status, depression, and cognitive impairment. Fourth, the
study findings may not be applicable to the general ambulatory popu-
lation, as only part of the individuals with type 2 diabetes attend out-
patients diabetes clinics in Italy; however, the RIACE cohort is
representative of patients followed by diabetes specialists in these clinics
[38]. Finally, the observational design makes causal interpretation
impossible.

In conclusion in individuals with type 2 diabetes, optimal treatment
of six traditional CVD risk factors completely eliminated the excess risk
of death from any cause versus the general population, provided that
patients were not “overtreated” for hyperglycaemia and/or hyperten-
sion. This effect was observed in patients without a history of CVD, in
whom achieving targets was sufficient for reducing mortality risk to
values similar to those observed in the coeval general population,
whereas having all risk factor on-target was still associated with a 70 %
excess risk of death in patients with prior CVD. These findings support
the importance of a treat-to-benefit approach using GLP-1 receptor
agonists and SGLT-2 inhibitors to reduce the excess risk of death also in
patients with prior CVD, in addition to achieving an optimal control of
traditional risk factors using a treat-to-target approach.
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