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Abstract

Background

To investigate prospectively the relationship between target values of glycated hemoglobin,

blood pressure and LDL-cholesterol, as considered in a combined fashion, and all-cause

mortality in patients with type 2 diabetes mellitus.

Methods

Two cohorts of patients with type 2 diabetes mellitus, the Gargano Mortality Study (n=810)

and the Foggia Mortality Study (n=929), were investigated. A weighted target risk score was

built as a weight linear combination of the recommended targets reached by each patient.

Results

In the Gargano Mortality Study and in the Foggia Mortality Study (mean follow up=7.4 and

5.5 years, respectively), 161 (19.9%) and 220 (23.7%) patients died, with an age and sex

adjusted annual incidence rate of 2.1 and 2.8 per 100 person-years, respectively. In both

study samples the weighted target risk score tended to be linearly associated with all-cause

mortality (HR for one point increment=1.30, 95% CI: 1.11-1.53, p=0.001, and HR=1.08,

95% CI: 0.95-1.24, p=0.243, respectively). When the two cohorts were pooled and analyzed

together, a clear association between weighted target risk score and all-cause mortality

was observed (HR for one point increment=1.17, 95% CI:1.05-1.30, p=0.004). This counter-

intuitive association was no longer observable in a model including age, sex, body mass

index, smoking habit, estimated glomerular filtration rate, albuminuria and anti-diabetic,

anti-hypertensive and anti-dyslipidemic treatment as covariates (HR for one point incre-

ment=0.99, 95% CI: 0.87-1.12, p=0.852).
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Conclusions

In a real life clinical set of patients with type 2 diabetes mellitus, the combination of recom-

mended target values of established cardiovascular risk factors is not associated with all-

cause mortality.

Introduction
Type 2 diabetes mellitus is a major global health problem affecting an estimated 371 million
people worldwide [1]. Compared with people without diabetes, patients with diabetes are at in-
creased mortality risk [2]. In order to limit such a risk, clinicians carry out appropriate multi-
factorial therapeutic strategies, targeting factors (mainly of cardiovascular origin) which are
responsible for mortality excess.

In diabetic patients the target glycated hemoglobin (HbA1c) level recommended is 7% (53
mmol/mol) or less, though the need of an individualized approach has been recently stressed
by the most updated guidelines [3]. Of note, the results of randomised clinical trials on the ben-
efits on cardiovascular disease of targeting intensive glycemic control in type 2 diabetes melli-
tus are controversial [4–6]. In addition, meta-analyses of all such trials addressing the impact
of intensive glucose lowering therapy on all-cause mortality showed no benefit at all [7–10].

Beyond glycemic control, diabetes care also requires appropriate blood pressure (BP) and
LDL-cholesterol (LDL-C) lowering therapies [3].

Aggressive BP reduction in type 2 diabetes mellitus has recently been questioned [3, 11, 12]
so that BP treatment goal in diabetic patients is now 140/80 mmHg, with lower targets sug-
gested only for some subgroups, including patients with kidney disease [3].

Finally, LDL-C target levels in diabetic patients are recommended to as less than 100 mg/dl
[3], although this may not be beneficial for non-vascular mortality [13] as well as for specific
subgroups of patients [14], including those undergoing hemodialysis [15].

To add uncertainty on the role of HbA1c, blood pressure and LDL-C recommended cut-off
values on all-cause mortality in patients with type 2 diabetes, multifactorial intervention aimed
at promoting an overall intensive management have given conflicting results in terms of reduc-
tion of all-cause mortality [16, 17], while a very recent retrospective Chinese study reported no
beneficial effect of reaching such recommended cut-off values [18].

Aim of our study was to investigate prospectively in real life clinical set the relationship be-
tween target values of HbA1c, BP and LDL-C in a combined fashion and all-cause mortality in
patients with type 2 diabetes mellitus.

Materials and Methods

Ethics Statement
The study and the informed consent procedures were approved by the local Institutional Ethic
Committee IRCCS (Istituto di Ricovero e Cura a Carattere Scientifico) ‘‘Casa Sollievo della Sof-
ferenza” and performed according to the Helsinki Declaration. All participants gave
written consent.

Patients
We studied prospectively two previously described [19] cohorts of patients with type 2 diabetes
mellitus (according to ADA 2003 criteria). The patients were recruited at the outpatient clinics
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of our research-based Hospitals, they were clinically stable and not admitted for acute events in
the last eight months.

The Gargano Mortality Study (GMS)
One-thousand-twenty-eight Whites from Italy with type 2 diabetes mellitus were consecutively
recruited at Scientific Institute “Casa Sollievo della Sofferenza” in San Giovanni Rotondo (Apu-
lia, Central-Southern Italy) for a study aimed at unraveling predictors of incident all-cause
mortality. The only exclusion criterion was the presence of poor life expectancy due to malig-
nancies. Up to date, this cohort has been followed-up for 7.40±2.15 years (range: 0.04–9.83)
with the last information on vital status being obtained on November 30th 2010. After exclud-
ing patients (i) whose information on vital status at follow-up was not available (n = 190) and
(ii) who had missing data at baseline (n = 28), 810 patients (78.8% of the initial cohort) consti-
tuted the eligible sample for the present investigation.

The Foggia Mortality Study (FMS)
One-thousand-one-hundred-two Whites from Italy with type 2 diabetes mellitus were consec-
utively recruited at Endocrine Unit of University of Foggia (Apulia, Central-Southern Italy)
from January 7th 2002 to September 30th 2008, for a study aimed at unraveling predictors of in-
cident all-cause mortality. Also in this case the only exclusion criterion was the presence of
poor life expectancy due to malignancies. Up to date, this cohort has been followed-up for 5.52
±2.04 years (range: 0.03–10.83) with the last information on vital status being obtained on
March 31st 2013. After excluding patients (i) whose information on vital status at follow-up
was not available (n = 101) and (ii) who had missing data at baseline (n = 72), 929 patients
(84.3% of the initial cohort) constituted the eligible sample for the present analysis.

Data collection
At baseline all patients were interviewed regarding age at diabetes diagnosis, smoke habit and
ongoing anti-diabetes, anti-dyslipidemia and anti-hypertension treatments. Duration of dia-
betes was calculated from the calendar year of data collection minus the calendar year of dia-
betes diagnosis. All subjects enrolled in the study underwent physical examination, including
measurements of height, weight, body mass index (BMI) and BP (i.e., two measurements
rounded to the nearest 2 mmHg in the sitting position after at least 5 min rest, using an ap-
propriate-sized cuff; diastolic BP was recorded at the disappearance of Korotokoff sound,
phase V). Fasting venous blood was sampled from an antecubital vein from all patients for
the measurement of standardized serum creatinine by using the modified kinetic Jaffè reac-
tion (Hitachi 737 Autoanalyzer), total serum cholesterol (enzymatic method, Cobas; Roche
Diagnostics, Welwin Garden City, U.K.), HDL-cholesterol, serum triglycerides (enzymatic
method, Cobas) and HbA1c (HPLC Diamat Analyzer; Bio-Rad, Richmond, CA); LDL-C was
then calculated by the Friedewald formula. Urinary albumin and creatinine concentrations
were determined the same morning of the clinical examination from an early-morning first
void sterile urine sample by the nephelometric method (Behring Nephelometer Analyzer;
Behring, Marburg, Germany) and the Jaffè reaction-rate method, respectively. The urinary
ACR was then calculated. Glomerular filtration rate was estimated (e-GFR) by Epidemiology
Chronic Kidney Disease formula [20].
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Study endpoint
All-cause mortality was the only pre-specified end point of this study. At follow-up, the vital
status of study patients was ascertained by two authors for each study, either by telephone in-
terview with the patient or his/her relatives or by queries to the registry office of cities
of residence.

Statistical analysis
Patients’ baseline characteristics were reported as mean ± standard deviation (SD) and fre-
quency (percentage) for continuous and categorical variables, respectively; overall death inci-
dence rates were calculated as number of deaths per 100 person-years. Age and sex adjusted
mortality rates were derived from Poisson regression models, using age and sex as covariates
and logarithm of follow-up time as the offset variable. A target score was built as the simple
sum of the three domains. Domains were indicator variables which equal to one in case of the
presence of the following conditions: HbA1c <7% (53 mmol/mol); systolic BP<140 mmHg
and diastolic BP<80 mmHg; LDL-C<100 mg/dl. Due to the low number of patients reaching
3 targets, the target score was re-categorized into three groups as follows: 0, 1 and�2 recom-
mended targets (groups: 0, 1, 2, respectively). Comparisons between patients’ baseline charac-
teristics according to categories of target score were performed for each GMS and FMS
separately and p-values for linear trend were derived from Spearman correlation coefficient
and Cochran-Mantel-Haenszel statistics for continuous and categorical variables, respectively.
As for mortality rates, p-value for linear trend was derived from Poisson regression model
using target score as continuous covariate and logarithm of follow-up time as the offset vari-
able. The overall survival was defined as the time between enrollment and death; for subjects
who did not experience the end point, survival time was censored at the time of the last avail-
able follow-up visit. Time-to-death analyses were performed using multivariate Cox propor-
tional hazards regression models and risks were reported as hazard ratios (HR) along with
their 95% confidence intervals. Proportional hazard assumption was evaluated using the global
score test for a non-zero slope in a generalized linear regression of the scaled Schoenfeld residu-
als on functions of time [21]. Univariable and multivariable Cox models were estimated for
GMS and FMS samples separately, including the target score as continuous and categorical var-
iable, respectively. Moreover, pooled data analyses were performed in an individual patient
data meta-analysis fashion [22] (i.e. adjusting for “study sample”) after excluding the presence
of heterogeneity. Multivariable models included all relevant variables potentially affecting the
effect of target score on mortality risk, such as age, sex, BMI, smoking habit, e-GFR, albumin-
uria, anti-diabetes treatment, anti-hypertension treatment, anti-dyslipidemia treatment. In ad-
dition, a weighted version of the target score was built as a weighted linear combination of all
three domains using a study-sample adjusted regression coefficients estimated from a multivar-
iable Cox proportional hazard model as weights. Specifically, a raw score was calculated multi-
plying each domain by its regression coefficient and summing them. Such raw score was then
normalized to vary within a range from 0 to 3: subtracting the observed raw minimum value
and then dividing such difference by the observed range (minimum to maximum span), and
eventually multiplying for 3. Adjusted survival curves were derived from the fully-adjusted
multivariable Cox regression, using the direct approach [23].

A p value<0.05 was considered to be statistically significant. All analyses were performed
using SAS Release 9.3 (SAS Institute, Cary, NC, USA) and R (version 2.15, package: “survival”).

Risk Factors Target Values and All-Cause Mortality in Type 2 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0124536 April 30, 2015 4 / 12



Power calculation
A Cox regression of the log hazard ratio on the target score (which had a standard deviation of
0.76), based on a sample of 1,739 observations achieved 80% power at a 0.05 significance level
to detect a HR of 1.21. The sample size was adjusted since a multiple regression of the target
score on the other covariates in the Cox regression is expected to have an R Squared of 0.037.
The sample size was further adjusted for an anticipated event rate of 0.22.

Results
Baseline clinical features of the 810 patients from GMS and the 929 patients from FMS are re-
ported in Table 1.

Patients reaching 0 (group 0), 1 (group 1) and 2 or 3 (group 2) recommended targets in the
GMS and FMS are shown in Table 2. Clinical features across the three target groups are also
shown in Table 2. In both GMS and FMS, age significantly increased across target groups
whereas BMI significantly decreased. As expected, given the criteria utilized to build the target
score, also HbA1c, BP and LDL-C levels as well as the proportion of hypertension and dyslipi-
demia were significantly different across groups.

In GMS (mean follow-up = 7.4 years) and in FMS (mean follow-up = 5.5 years), 161
(19.9%) and 220 (23.7%) patients died. Age and sex adjusted annual incidence rates were 2.1
and 2.8 per 100 person-years in GMS and in FMS, respectively.

In both GMS and FMS the target score tended to be linearly associated with all-cause mor-
tality (Table 3).

Table 1. Baseline clinical features of 1739 patients with type 2 diabetes fromGarganoMortality Study and Foggia Mortality Study.

GMS (n = 810) FMS (n = 929)

Sex (M/F) 396/414 452/477

Age (years) 62.2 ± 9.7 63.7 ± 11.8

BMI (kg/m2) 31.0 ± 5.7 30.1 ± 6.4

Smokers: n (%) 105 (13.0) 155 (17.1)

Duration of diabetes (years) 11.1 ± 9.2 13.1 ± 10.0

Glycated hemoglobin (%) 8.6 ± 1.9 9.0 ± 2.1

Systolic blood pressure (mmHg) 134.4 ± 16.1 130.2 ± 15.6

Diastolic blood pressure (mmHg) 78.4 ± 8.7 76.4 ± 9.0

LDL-cholesterol (mg/dl) 120.8 ± 37.7 103.5 ± 38.0

e-GFR (ml min-1 1.73 m-2) 75.0 ± 20.3 85.5 ± 34.3

Albuminuria

Missing values (n) 31 15

Normo-albuminuria n (%) 541 (69.4) 543 (59.4)

Micro/macro-albuminuria n (%) 238 (30.6) 371 (40.6)

Antidiabetic therapy

Diet alone: n (%) 113 (13.9) 135 (14.6)

OAD: n (%) 358 (44.2) 456 (49.1)

Insulin±OAD: n (%) 339 (41.8) 337 (36.3)

Arterial hypertension: n (%) 693 (85.6) 822 (88.5)

Dyslipidemia: n (%) 704 (87.2) 795 (85.6)

Data are reported as mean±standard deviation or frequencies (n) and percentages (%), for continuous and categorical variables, respectively.

GMS: Gargano Mortality Study; FMS: Foggia Mortality Study; BMI: body mass index; LDL: low density lipoprotein; e-GFR: estimated-glomerular filtration

rate; OAD: oral antidiabetes drugs.

doi:10.1371/journal.pone.0124536.t001
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Given no statistical evidence for heterogeneity (i.e., p for interaction between study sample
and target score on all-cause mortality equal to 0.945), the two studies were pooled and ana-
lyzed together, in order to increase statistical power. The global score test, based on scaled
Shoenfeld residuals for the overall fitting of Cox models, resulted not statistically significant
from both sample-adjusted (Chi-Square of 6.293, p = 0.098) and fully-adjusted models (Chi-
Square of 13.70, p = 0.473). In the sample-adjusted model, a clear association between target
score and all-cause mortality was observed (see Table 3: HR = 1.19, 95% CI: 1.04–1.36,
p = 0.010). This association was no longer confirmed in the fully adjusted model (see Table 3:
HR = 1.02, 95% CI: 0.86–1.20, p = 0.825), comprising also several covariates (see Statistical
Analysis Section), which are known modulators of all-cause mortality risk. Graphical represen-
tation of survival curves from such fully-adjusted model according to the various groups of

Table 2. Baseline clinical features of 1739 patients with type 2 diabetes according to categories of target score.

GMS FMS
Group 0
(n = 305)

Group 1
(n = 344)

Group 2
(n = 161)

p-for
trenda

Group 0
(n = 259)

Group 1
(n = 380)

Group 2
(n = 290)

p-for
trenda

Sex (M/F) 150/155 155/189 91/70 0.277 114/145 190/190 148/142 0.106

Age (years) 60.6±9.9 63.2±9.6 63.4±9.2 0.001 62.8±11.2 63.7±11.6 64.6±12.5 0.038

BMI (kg/m2) 31.7±5.9 30.9±5.8 29.6±5.1 <0.001 30.3±6.6 30.4±6.3 29.5±6.4 0.084

Smokers: n (%) 47 (15.4) 43 (12.5) 15 (9.4) 0.058 45 (17.6) 63 (17.2) 47 (16.5) 0.716

Duration of diabetes
(years)

11.1±8.5 11.4±9.5 10.6±9.5 0.319 13.8±9.7 13.1±10.1 12.2±10.0 0.029

Glycated hemoglobin (%) 9.1±1.7 8.6±2.0 7.8±1.9 <0.001 9.6±1.8 9.1±2.1 8.2±2.2 <0.001

Systolic blood pressure
(mmHg)

140.6±15.6 133.3±14.8 125.0±14.4 <0.001 138.1±15.6 131.0±15.0 122.1±12.2 <0.001

Diastolic blood pressure
(mmHg)

83.1±6.6 77.1±8.4 72.4±7.9 <0.001 82.7±6.7 76.7±8.5 70.3±7.4 <0.001

LDL-cholesterol (mg/dl) 139.9±29.4 119.0±37.3 88.5±28.8 <0.001 134.3±32.2 101.2±35.1 78.9±25.3 <0.001

e-GFR (ml min-1 1.73 m-2) 75.6±19.1 73.8±20.0 76.5±23.1 0.820 85.7±29.6 86.0±36.1 84.7±36.0 0.254

Albuminuria

Missing values (n) 12 12 7 4 8 3

Normo-albuminuria n (%) 199 (67.9) 231 (69.6) 111 (72.1) 0.367 149 (58.4) 204 (54.8) 190 (66.2) 0.054

Micro/macro-albuminuria
n (%)

94 (32.1) 101 (30.4) 43 (27.9) 106 (41.6) 168 (45.2) 97 (33.8)

Antidiabetic therapy

Diet alone: n (%) 35 (11.5) 48 (13.9) 30 (18.6) 33 (12.8) 58 (15.3) 44 (15.2)

OAD: n (%) 148 (48.5) 139 (40.4) 71 (44.1) 0.248 136 (52.7) 177 (46.6) 143 (49.3) 0.803

Insulin±OAD: n (%) 122 (40.0) 157 (45.6) 60 (37.3) 89 (34.5) 145 (38.2) 103 (35.5)

Arterial hypertension: n
(%)

275 (90.1) 290 (84.3) 128 (79.5) <0.001 259 (100.0) 337 (88.7) 226 (77.9) <0.001

Dyslipidemia: n (%) 277 (91.4) 293 (85.4) 134 (83.2) 0.006 239 (92.3) 327 (86.0) 229 (79.0) <0.001

Mortality incidence rate
(per 100 py)

2.2 3.0 3.0 0.092 b 4.0 5.7 5.4 0.056 b

Data are reported as mean±standard deviation or frequencies (n) and percentages (%), for continuous and categorical variables, respectively.GMS:

Gargano Mortality Study; FMS: Foggia Mortality Study; Group 0: no variable below target levels; Group 1: one variable below target levels; Group 2: 2 or

all 3 variables below target levels; BMI, body mass index; LDL, low density lipoprotein; e-GFR: estimated-glomerular filtration rate; OAD: oral

antidiabetes drugs.
a p-for trend was referred to Speraman correlation coefficient and Cochran-Mantel-Haenszel statistic for continuous and categorical

variables, respectively.
b p-for trend was derived from Poisson regression model.

doi:10.1371/journal.pone.0124536.t002
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target attainment is reported in Fig 1. In addition, no effect on the association was observed in
the subgroups defined by sex (male, n = 848; female, n = 891; p for target risk score-by-sex in-
teraction = 0.37) and age (<65 years, n = 944;�65 years, n = 795; p for target risk score-by-age
strata interaction = 0.417).

Moreover, when the weighted target risk score was utilized, a tendency toward a linear asso-
ciation with all-cause mortality was observed (HR for one point increment = 1.17, 95%
CI:1.05–1.30, p = 0.004, and HR = 0.99, 95% CI: 0.87–1.12, p = 0.852, for sample-adjusted and
fully-adjusted model, respectively).

Finally, no statistical association with all-cause mortality was observed in the pooled sample
for HbA1c, systolic BP, diastolic BP and LDL-C, when considered in the sample-adjusted anal-
ysis (S1 Table).

Table 3. Hazard ratios for all-causemortality of target scores in patients with type 2 diabetes of GMS, FMS and whole sample.

Category GMS FMS Whole
sample

HR (95%CI) p HR (95%CI) p p-for
interaction †

HR (95%CI) * p * HR (95%CI) ** p **

Target risk score # 1.20
(0.97–1.47)

0.089 1.18
(0.99–1.41)

0.059 0.945 1.19
(1.04–1.36)

0.010 1.02
(0.86–1.20)

0.825

2 vs. 0 1.39
(0.90–2.14)

0.138 1.36
(0.98–1.91)

0.070 0.192 1.42
(1.09–1.85)

0.010 1.03
(0.75–1.41)

0.876

1 vs. 0 1.40
(0.98–2.00)

0.064 0.94
(0.67–1.32)

0.720 1.14
(0.89–1.45)

0.308 0.78
(0.57–1.07)

0.122

Weighted target risk
score

# 1.30
(1.11–1.53)

0.001 1.08
(0.95–1.24)

0.243 0.090 1.17
(1.05–1.30)

0.004 0.99
(0.87–1.12)

0.852

GMS: Gargano Mortality Study; FMS: Foggia Mortality Study; HR: Hazard Ratios, along with their 95% confidence interval (95%CI).
# HR referred to one point increment.
† Testing whether the association between target score and mortality was differential between GMS and FMS samples.

* Analyses were adjusted for study sample.

** Analyses were adjusted for study sample and for age, sex (M/F), BMI, e-GFR, albuminuria (micro or macro-albuminuria/normo-albuminuria), smoking

habits (smokers and ex-smokers/non-smokers), antidiabetes treatment (insulin±OAD/OAD/diet only), anti-hypertension treatment (yes/no), anti-

dyslypidemia treatment (yes/no).

doi:10.1371/journal.pone.0124536.t003

Fig 1. Survival adjusted curves from fully-adjusted multivariable Cox regression, according to the
various groups of target attainment.

doi:10.1371/journal.pone.0124536.g001
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Discussion
While several observational and intervention studies in patients with type 2 diabetes mellitus
have reported the beneficial effect of targeting traditional cardiovascular risk factors in protect-
ing from micro- and macro-vascular events, the reported effect on all-cause mortality has been
conflicting [16, 17, 24–40].

To deeper explore this issue we tested prospectively the association between target levels of
HbA1c, BP and LDL-C and all-cause mortality in a prospective observational study. To test the
combined effect of the three target levels, a weighted risk score was built, according to the num-
ber and the individual weight of recommended targets reached by each patient. Quite unex-
pectedly, we observed a progressively increased risk of all cause mortality paralleling a
progressive increase in the number of reached targets; such counterintuitive association was no
longer significant after adjusting for possible confounders (including age, sex, BMI, smoking
habit, e-GFR and albuminuria); in this fully adjusted model, HR approached one, thus strongly
suggesting a neutral effect on mortality risk of targeting major cardiovascular risk factors.
Some caution is, nonetheless, needed in interpreting such data because, due to a less than opti-
mal study statistical power, we cannot entirely exclude a false negative result. In this context, it
is worth noting that our findings are along the same line of those from a multicenter, cluster
randomized trial, the Anglo-Danish-Dutch Study of Intensive Treatment In People with Screen
Detected Diabetes in Primary Care (ADDITION-Europe) [16]. In this study the authors inves-
tigated in a large cohort of patients with type 2 diabetes mellitus the effect of early multifactori-
al treatment on cardiovascular events and death; after a 5.3 years follow-up, the intervention
had no significant impact on the incidence of both cardiovascular events and all-cause mortali-
ty. Of note, the authors found no interaction between intensive treatment and age of study sub-
jects as we also did. More recent information comes from the Action for Health in Diabetes
(Look AHEAD) Study [25]. In this trial the intensive lifestyle intervention, although ameliorat-
ing some cardiovascular risk factors, did not significantly reduce the rate of death either of car-
diovascular or of any cause. Similarly, in a large cohort of patients with type 1 diabetes
mellitus, no significant impact on all-cause mortality was observed by achieving HbA1c, BP
and LDL-C recommended targets [26].

Conversely, intensive multifactorial treatment in a small cohort of patients (n = 160) with
longstanding type 2 diabetes mellitus and microalbuminuria was associated with reduced all-
cause mortality [17].

Although not our major aim, we also observed no association between individual risk fac-
tors as singly considered and all-cause mortality. Also the role of intensive treatment of single
targets on all-cause mortality is under debate. While a number of observational studies have
shown a significant association between HbA1c levels and all-cause mortality [27–29], interven-
tion trials failed to confirm this link [30–32].

Similarly, the role of reaching stringent systolic (i.e.<130 mmHg) and diastolic (i.e.<75
mmHg) blood pressure level is also questioned in people with diabetes [3, 33–35].

Regarding LDL-C, although levels below 100 mg/dl or, in very high-risk patients, below 70
mg/dl is strongly suggested by The National Cholesterol Education Program Adult Treatment
Panel III Guidelines, the beneficial effects of such aggressive LDL-C level cut-offs on all-cause
mortality are conflicting both in diabetic patients [36] and in the general population [37, 38].
In this context, it is of note that several epidemiological studies have raises doubts on the rele-
vance of elevated cholesterol levels as important risk factor for all-cause mortality, particularly
among elderly people [39, 40], like many diabetic patients are. Finally, no evidence from ran-
domized controlled trials to support continued use of specific LDL-C and/or non-HDL-
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cholesterol treatment targets is presently available [41], thus calling for cautious when address-
ing this issue.

Our data are in accord with those from Chiang et al. who have recently shown as the lowest
rate of all-cause mortality occurs among patients with HbA1c, SBP and LDL-C in the range of
7.0–8.0%, 130–140 mmHg, 100–130 mg/dl, respectively [18]. Notably, two of such cut-offs val-
ues (i.e. those referring to HbA1c and LDL-C) are above those recommended by all current
clinical guidelines [3].

Unraveling the mechanisms that underline the lack of association we observed is beyond
the scope of our study and we can here only offer some speculations. For example, we can’t ex-
clude the role of non-traditional risk factors (i.e. insulin resistance, homocysteine, low-grade
chronic inflammation), which could have obscured the beneficial effect of recommended tar-
gets of traditional risk factors [42].

Given the intrinsic nature of our prospective study design (i.e, observational rather than in-
terventional), we cannot exclude that patients who at baseline had a more severe form of diabe-
tes (and therefore a higher mortality risk) were treated more aggressively. Such a bias may have
well obscured the beneficial effect of multifactorial treatment on mortality rate.

Finally, among patients with HbA1c below 7% (53 mmol/mol), an increase in hypoglycemic
events and eventually mortality rate could also have contributed in neutralizing some beneficial
effect of tight glycemic control [43].

The strengths of our study reside mainly in the deep patient phenotype characterization, in-
cluding the availability of several variables related to cardiovascular risk. Moreover, it is of note
that the two samples here analyzed are quite homogenous in terms of clinical features and both
environmental and genetic backgrounds, the two Institutions in which recruitment was carried
out being only 50 kilometres apart.

Study limitations should be also acknowledged. Our population is hospital based, making
uncertain the generalizability of our finding. Second, the availability of only baseline values of
the exposures we used, with no information in the following years, might underestimate risk
association secondary to a regression dilution during the follow-up period. This limitation ap-
plies particularly to pharmacological interventions, which could have been changed during fol-
low-up. An additional limitation is the lack of information on specific causes of mortality,
including that of cardiovascular origin. Finally, all BP measurements were manually per-
formed, so that we cannot exclude a measurement bias.

In conclusion, in a real life clinical set of patients with type 2 diabetes mellitus, recom-
mended target values of established cardiovascular risk factors are not associated with reduced
all-cause mortality.
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