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Aims Optimal blood pressure for prevention of cardiovascular (CV) events in patients with Type 2 diabetes mellitus
(T2DM) remains uncertain and there is concern for increased risk with low diastolic blood pressure (DBP). This
study analysed the association between blood pressure and CV outcomes in high-risk patients with T2DM.

Methods Patients with T2DM and elevated CV risk were enrolled in the Saxagliptin Assessment of Vascular Outcomes

and results Recorded in patients with diabetes mellitus—Thrombolysis in Myocardial Infarction 53 trial. Cardiovascular outcomes
were compared in the biomarker subgroup (n=12175) after stratification by baseline systolic blood pressure (SBP)
and DBP. Adjusted risk was calculated by blood pressure stratum using clinical covariates plus N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and high-sensitivity troponin-T (hsTnT). Trends were tested using linear and quad-
ratic models. Adjusted risk of the composite endpoint of CV death, myocardial infarction (MI), or ischaemic stroke
showed U-shaped relationships with baseline SBP and DBP (Pquadratic < 0.01) with nadirs at SBP 130-140 or DBP 80—
90 mmHg. Diastolic blood pressure <60 mmHg was associated with increased risk of MI (adjusted hazard ratio 2.30;
95% confidence interval 1.50-3.53) relative to DBP 80-90 mmHg. Adjusted odds of hsTnT concentration >14 ng/L
showed U-shaped relationships with SBP and DBP (Pyuadratic <0.01). The relationships between low DBP, elevated
hsTnT, and increased Ml remained after exclusion of patients with prior heart failure or NT-proBNP >median, sug-
gesting that the relationship was not due to confounding from diagnosed or undiagnosed heart failure.

Conclusions In patients with diabetes and elevated CV risk, even after extensive adjustment for underlying disease burden, there
was a persistent association for low DBP with subclinical myocardial injury and risk of Ml.
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Introduction

. international guidelines for the prevention of myocardial infarction
Type 2 diabetes mellitus (T2DM) and hypertension are two of the : (M), stroke, and other CV morbidities.>® Controversy persists,
most powerful risk factors for adverse cardiovascular (CV) events."™ *  however, regarding appropriate systolic blood pressure (SBP) and
Control of blood pressure has been a central focus of national and  :  diastolic blood pressure (DBP) goals, with specific recommendations
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for patients with diabetes, atherosclerotic CV disease, advanced age,
and renal insufficiency.”"?

While epidemiologic observations support a linear relationship be-
tween SBP and adverse CV events beginning at the pre-hypertension

310,11
stage,

there have been only limited randomized trial data to sup-
port aggressive blood pressure lowering, particularly in patients with
T2DM.** The optimal blood pressure for prevention of CV events in
patients with T2DM remains uncertain.

There is additional concern that aggressive blood pressure reduc-
tion may result in harmfully low DBP.">™"* A U-shaped relationship
between DBP and CV outcomes has been shown previously, though
with potential for residual confounding as an important driver of this
association.'*™"” Elevated pulse pressure (PP), calculated as SBP
minus DBP, is similarly associated with adverse CV outcomes by sev-
eral potential mechanisms."?

High-sensitivity troponin-T (hsTnT), as a marker of subclinical
myocardial injury, and N-terminal pro-B-type natriuretic peptide
(NT-proBNP), as a marker of hemodynamic stress, are strong pre-
dictors of adverse CV events.2**" Measurement of these biomarkers
can add further nuance to the associations between SBP, DBP, PP,
and clinical outcomes. "

The relationships between blood pressure, CV outcomes, and
hsTnT/NT-proBNP have not been explored in a contemporary popu-
lation of patients with T2DM. The Saxagliptin Assessment of Vascular
Outcomes Recorded in patients with diabetes mellitus (SAVOR)—
Thrombolysis in Myocardial Infarction (TIMI) 53 trial®>*® provides an
opportunity to do so in a large cohort of diabetic patients with bio-

marker samples and prospectively recorded and adjudicated outcomes.

Methods

Study design and participants

The design, baseline patient characteristics, and primary results of the
SAVOR-TIMI 53 trial (NCT01107886) have been reported previously.”>
* The SAVOR-TIMI 53 trial was a randomized, controlled, double-blind,
event-driven trial enrolling patients with T2DM (hemoglobin Alc 6.5—
12.0%), and either established CV disease or multiple CV risk factors.
Major exclusion criteria included the use of an incretin-based antihyper-
glycemic therapy within the past 6 months, end-stage renal disease on
haemodialysis, serum creatinine concentration greater than 6.0 mg/dL,
uncontrolled CV risk factors, and significant non-CV comorbidities which
would limit a participant’s ability to complete the study as designed.”**?
Patients were not excluded for prior heart failure. Written informed con-
sent was provided by all study participants.

Endpoints

The primary major adverse cardiovascular event (MACE) endpoint of the
trial was the composite of CV death, M, or ischaemic stroke. An inde-
pendent, blinded clinical events committee adjudicated each component
of the primary endpoint as well as hospitalization for heart failure.**?

Blood pressure measurement and

management

Blood pressure was measured for each subject at the first study visit.
Two measurements were taken with the patient seated, 5 min apart.
Neither the type of sphygmomanometer nor the presence/absence of
study staff in the room with the patient during blood pressure measure-
ment was specified. The two systolic and DBPs recorded for each patient

were averaged to create a single SBP and DBP per patient. Blood pres-
sure was managed throughout the trial by treating physicians according
to local practice guidelines.

Biomarker measurement

A subset of 12 180 patients had biomarker samples drawn at study entry.
Twelve thousand, one hundred and seventy-five of these patients had
SBP and DBP values available at baseline. Venous blood samples were
stored at the participating site at -20° to -80°C prior to shipment to the
TIMI Clinical Trials Laboratory (Boston, MA), where they were stored at
-80°C or colder. High-sensitivity troponin-T concentration was meas-
ured with an electrochemiluminescent immunoassay (Roche
Diagnostics) which is now the first high-sensitivity troponin assay
approved for clinical use in the USA.*> N-terminal pro-B-type natriuretic
peptide was measured using a sandwich immunoassay (proBNP I; Roche
Diagnostics). All measurements were performed by laboratory personnel
blinded to treatment allocation and clinical outcome.

Statistical analysis

Analyses were performed in the 12 175 patients included in the bio-
marker subgroup with baseline blood pressure values recorded. Baseline
patient characteristics were recorded by bin of SBP (<110, >110-120,
>120-130, >130-140, >140-150, and >150 mmHg) and DBP (<60,
60-<70, 70—<80, 80— <90, and >90 mmHg), and PP quartile. Continuous
variables were described by median and interquartile range and categor-
ical variables were described by percentage. Baseline variables were com-
pared between blood pressure bins with the Kruskal-Wallis test for
continuous variables or the y test for categorical variables.

Using Cox models, adjusted hazard ratio (HR.y) was calculated by SBP
and DBP bins and PP quartile for MACE and its components. These multivari-
able models were adjusted for age, sex, race, history of heart failure, prior Ml,
history of hypertension, history of dyslipidaemia, current smoker, duration of
T2DM (< 5years, 5-9 years, 1014 years, 15-19 years and >20 years), hemo-
globin Alc (continuous), estimated glomerular filtration rate (continuous),
treatment arm, NT-proBNP (continuous), and hsTnT (continuous), and
stratified by established CV disease vs. multiple risk factors alone.

Median hsTnT concentration was calculated by baseline SBP, DBP, and
PP. Additionally, the percent of patients with hsTnT concentra-
tion >14 ng/L was calculated for each blood pressure stratum. Adjusting
for the clinical covariates described above, multivariable logistic regres-
sion was employed to estimate odds of hsTnT concentration >14 ng/L.

As sensitivity analyses, these calculations were repeated excluding pa-
tients with prior heart failure and with stratification by NT-proBNP con-
centration < or > median. Adjusted and unadjusted trend tests were
used to identify any linear or quadratic relationships across categories of
blood or PP, assuming the categories were equally spaced. Likelihood
ratio tests were employed to compare the quadratic and linear trend
models. Finally, as a quality measure, the fractions of SBP and DBP
recordings that were multiples of 5 or 10 were recorded.

Al analyses were performed with a statistical software package (SAS
version 9.4, SAS institute, Cary, NC, USA). A two-sided P-value of 0.05
was considered significant for all tests. All analyses were performed by
the TIMI Study Group and the authors take full responsibility for the in-
tegrity of the database and the analyses.

Results

Baseline patient characteristics
Among the 12 175 patients included, 938 primary endpoint events,
including 407 CV deaths, 426 MI, and 224 ischaemic strokes,
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occurred. Supplementary material online, Table ST provides baseline
patient characteristics by bin of SBP (<110, >110-120, >120-130,
>130-140, >140-150, and >150 mmHg). Compared with patients
with low baseline SBP, patients with the highest SBP tended to be
older (66 vs. 63 years) with a greater proportion having a pre-existing
diagnosis of hypertension (92.2% vs. 64.5%), female sex (38.2% vs.
29.2%), and prior ischaemic stroke (13.5% vs. 9.6%). Supplementary
material online, Table S2 provides baseline patient characteristics by
DBP bin (<60, 60—<70, 70—<80, 80—<90, and >90 mmHg), and see
Supplementary material online, Table S3 by PP quartile.

Cardiovascular outcomes by systolic
blood pressure, diastolic blood pressure
and pulse pressure

Systolic blood pressure

Baseline SBP showed U-shaped relationships with MACE and CV
death after multivariable adjustment with a nadir at >130-140 mmHg
(Figure 1A and B). The risk of MACE for SBP <110 mmHg was HR,
1.22 [95% confidence interval (Cl) 0.91-1.63] relative to SBP >120-
130mmHg and was HR,y 1.19 (95% ClI 0.96-1.48) for SBP
>150 mmHg (Pquadratic = 0.01; Figure 1A). Relative to SBP >120-130,
the risk of CV death was HR,4 2.10 (95% Cl 1.42-3.10) for SBP
<110 mmHg and HR,4 1.11 (95% CI 0.79-1.55) for SBP >150 mmHg
(Pquadratic < 0.001; Figure 1B). There was no statistically significant rela-
tionship between SBP and Ml (Pjnear = 0.20 and Pquadratic = 0.58; Take
home figure), whereas there was a direct linear relationship for ischae-
mic stroke, with HR,4 1.96 (95% CI 1.28-3.00) for SBP >150 relative
to >120-130 mmHg (Pynear < 0.001; Figure 1C). There was a U-shaped
relationship between SBP and hospitalization for heart failure
(Pquadratic = 0.01; Figure 1D).

Diastolic blood pressure

Baseline DBP showed U-shaped relationships with MACE and Ml
after multivariable adjustment with a nadir at DBP 80-<90 mmHg
(Figure 1A and Take home figure). Relative to DBP 80—<90 mmHg, the
risk of MACE was HR,q; 1.58 (95% CI 1.15-2.17) for DBP <60 mmHg
and HR,y 141 (95% Cl 1.14-173) for DBP >90mmHg
(Pquadratic < 0.01; Figure 1A). The risk of CV death was HR,q; 1.48 (95%
C10.91-2.41) for DBP <60 mmHg, HR, 1.38 (95% Cl 1.03-1.86) for
DBP 60-<70mmHg, and HR,y 1.14 (95% CI 0.81-1.60) for DBP
>90 mmHg (Pquadratic = 0.37; Figure 1B). For M, the adjusted risk was
HR.q 2.30 (95% Cl 1.50-3.53) for DBP <60 mmHg and HR,q; 1.41
(95% Cl 1.02-1.94) for DBP >90 mmHg (Pquadratic = 0.01; Take home
figure). There was a direct linear relationship for ischaemic stroke,
with HR,g 1.80 (95% Cl 1.23-2.63) for DBP >90 relative to 80—
<90 mmHg (Pynear = 0.01; Figure 1C). Risk for hospitalization for heart
failure was highest with DBP <60 mmHg and decreased linearly with
increasing DBP (Pjjnear < 0.001; Figure 1D).

Pulse pressure

Increasing PP was associated with a higher risk of Ml (Pjnear = 0.02)
and ischaemic stroke (Pjnear = 0.01; Figure 2). There was no statistic-
ally significant relationship between PP and MACE (see
Supplementary material online, Table $4).

Subclinical myocardial injury

Median hsTnT concentration and the percent of patients with hsTnT
concentration >14ng/L showed U-shaped relationships with SBP
and inverse linear relationships with DBP (Figure 3A and B). After mul-
tivariable adjustment, the odds of hsTnT concentration >14ng/L
showed U-shaped relationships with both SBP (Pquadratic < 0.001) and
DBP (Pquadratic < 0.01; Figure 1E). There was a linear increase in the
odds of elevated hsTnT with increasing PP (Pjnear <0.001; see
Supplementary material online, Table $4).

Further adjustment for heart failure

One thousand, six hundred and thirteen (13%) patients had a prior
diagnosis of heart failure at study entry. In order to address residual
confounding in the relationship between low blood pressure and ad-
verse CV outcomes, these patients were excluded as a sensitivity
analysis. Associations remained for low SBP with CV death and for
low DBP with MACE and MI (see Supplementary material online,
Tables S5 and S6). We then further examined only those patients
with NT-proBNP < median (median 141 ng/L). Among these 6091
patients, SBP continued to be associated positively with risk of ischae-
mic stroke (Pjnear = 0.01; see Supplementary material online, Table
S7). Low DBP remained strongly associated with M, with an adjusted
risk of HR,q; 3.28 (95% CI 1.3-8.28; P=0.01) for DBP <60 mmHg
relative to DBP 80-<90 mmHg (see Supplementary material online,
Table S8).

Stratification by hypertension at baseline
Nine thousand, nine hundred fifty-nine (82%) patients had hyperten-
sion at baseline. Among these patients, SBP showed a U-shaped rela-
tionship with CV death (Pquadratic =0.02) and a direct linear
relationship with ischaemic stroke after multivariable adjustment
(P<0.001; see Supplementary material online, Table $10). Diastolic
blood pressure showed U-shaped relationships with MACE
(Pquadratic =0.01), Ml (Pquadratic = 0.02), and all-cause mortality
(Pquadratic = 0.02) and a linear relationship with ischaemic stroke (dir-
ect, Pipear=0.01; see Supplementary material online, Table ST7).
These relationships were not as robust in patients without hyperten-
sion at baseline (see Supplementary material online, Tables $12 and
$13), though SBP did show a U-shaped relationship with MACE
(Pquadratic = 0.03) and CV death (Pquadratic = 0.04), and a direct linear
relationship with Ml (Pjinear = 0.02).

Time-varying model

As a sensitivity analysis, we calculated adjusted risk for the above out-
comes based on SBP and DBP using a time-varying model. The mean
SBP was 136.6 (£16.6) at baseline, 134.3 (£16.8) at year one, and
135.44 (£17.3) at year 2. Using the time-varying model of adjusted
risk, U-shaped relationships remained for both SBP and DBP with
MACE, MI, and CV death and direct linear relationships remained
with ischaemic stroke.

Quality assessment

Twenty-one percent of SBP measures were multiples of 10 and 32%
were multiples of 5. These proportions were 24% and 34%, respect-
ively, for DBP recordings.
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Figure | Adjusted risk for major adverse cardiovascular event (A), cardiovascular death (B), ischaemic stroke (C), hospitalization for heart failure
(D), and high-sensitivity troponin-T >14ng/L (E) by systolic blood pressure and diastolic blood pressure strata. CV, cardiovascular; DBP, diastolic
blood pressure; hsTnT, high-sensitivity troponin-T; MACE, major adverse cardiovascular events; MIl, myocardial infarction; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; SBP, systolic blood pressure; HR, hazard ratio.

Discussion to be associated with MACE, MI, and heart failure hospitalization.
. These findings remained after extensive adjustment for baseline char-
The SAVOR-TIMI 53 trial provides a large, well-characterized popula- : acteristics and CV biomarkers. The present results build upon recent
tion of patients with T2DM at elevated CV risk. In an analysis of the re- : work from the ARIC registry’® in a low-risk population and the
lationship between baseline blood pressure, baseline troponin level, . CLARIFY registry'* in patients with stable coronary artery disease by
and CV outcomes, we found low SBP to be associated with increased demonstrating persistent associations between low blood pressure
risk of MACE, CV death, and heart failure hospitalization, and low DBP : andadverse CV events specifically in a high-risk diabetic population.
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Current evidence

Management of blood pressure has undergone significant evolution
since the early recognition of hypertension as a risk factor for adverse
CV events nearly one century ago.”® Despite an historical abundance
of clinical trial data, there had been no widely endorsed American
guidelines for management of hypertension since 2003 until the
recently published 2017 guidelines from the American Heart
Association, American College of Cardiology, and other expert
‘,C;roups.m27 Recently, the Systolic Blood Pressure Intervention
(SPRINT) trial reported reductions in CV death, all-cause death, and
heart failure with an aggressive SBP goal of <120 mmHg compared
with <140 mmHg.28 This study enrolled patients with elevated CV
risk, but without T2DM.?7" The Action to Control Cardiovascular
Risk in Diabetes—Blood Pressure (ACCORD BP) trial, conversely,
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Take home figure Adjusted risk for myocardial infarction by
systolic and diastolic blood pressure strata. CV, cardiovascular;
DBP, diastolic blood pressure; hsTnT, high-sensitivity troponin-T;
MACE, major adverse cardiovascular events; Ml, myocardial infarc-
tion; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SBP,
systolic blood pressure; HR, hazard ratio.

Ao

found that targeting a SBP of <120 mmHg as opposed to <140 mmHg
in diabetic patients did not impact the rate of the composite CV out-
come.*? And in the Heart Outcomes Prevention Evaluation (HOPE-
3) trial of fixed-dose antihypertensive therapy in intermediate risk pa-
tients, the median achieved systolic/DBP lowering of 6/3 mmHg did
not result in reduced rates of CV events. Further, there was a trend
toward harm among patients with starting SBP <131.5 mmHg.*®

In this evolving landscape, recent observational data have provided
further perspective, including some concern for increased risk associ-
ated with low blood pressure.'*™**% In a report from the
Atherosclerosis Risk in Communities (ARIC) registry which analysed
data from over 11 000 patients without established CV disease, very
low DBP was associated with higher levels of cardiac troponin and
increased rates of coronary heart disease events, hospitalization for
heart failure, and all-cause mortality."* Additionally, in analyses from
the Prospective Comparison of ARNI with ACEi to Determine Impact
on Global Mortality and Morbidity in Heart Failure (PARADIGM-
HF)*** and Trial Evaluating Cardiovascular Outcomes with Sitagliptin
(TECOS)™ trials, low SBP was associated with adverse CV outcomes.
Heart failure severity remains an important potential modifier of these
relationships. Finally, in a recently published report on the relationship
between achieved blood pressure and CV outcomes in the Ongoing
Telmisartan Alone and in Combination with Ramipril Global Endpoint
Trial (ONTARGET) and Telmisartan Randomized Assessment Study
in  ACE Intolerant Subjects with Cardiovascular Disease
(TRANSCEND) trials, a mean achieved SBP <120 mmHg or DBP
<70 mmHg was associated with an increase rate of adverse events.”’

Blood pressure and cardiovascular
outcomes

In this context, we show here in a population of diabetic patients
with established CV disease or multiple CV risk factors U-shaped re-
lationships between blood pressure and CV events. These relation-
ships build upon those observed in previous lower risk populations
and further control for confounding by elimination of patients with a
prior diagnosis of heart failure and adjustment for NT-proBNP and
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Figure 2 Adjusted risk for myocardial infarction (A) and ischaemic stroke (B) by pulse pressure quartile. CV, cardiovascular; MI, myocardial infarc-
tion; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PP, pulse pressure; hsTnT, high-sensitivity troponin-T; HR, hazard ratio.
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Figure 3 Median high-sensitivity troponin-T concentration and percent of patients with high-sensitivity troponin-T >14ng/L by systolic blood
pressure (A), diastolic blood pressure; (B), and pulse pressure (C) strata. DBP, diastolic blood pressure; hsTnT, high-sensitivity troponin-T; PP, pulse

pressure; SBP, systolic blood pressure.

hsTnT. This type of adjustment for biomarkers has not, to our know-
ledge, been performed in other patient cohorts.

U-shaped relationships were seen here for SBP with MACE, CV
death, and heart failure hospitalization, and for DBP with MACE, M|,
and heart failure hospitalization. These associations were robust
across multiple strategies to address residual confounding.
Additionally, the association between low blood pressure and
reduced risk for ischaemic stroke provides assurance that low blood
pressure was not simply a marker of overall frailty in this population.

In this context, the persistent association between low DBP, ele-
vated troponin, and Ml is notable. There is a compelling physiologic
explanation for this finding with potential clinical importance.
Coronary filling is dependent on central aortic pressure, largely dur-
ing diastole, and this observation may support concern for low DBP
as a cause of insufficient coronary perfusion, subclinical myocardial in-
jury, and Ml as has been hypothesized by others.'>*®

It is important to keep in mind, however, that these data are obser-
vational and do not support inference of a causal relationship.
Another possible explanation for these findings incorporates PP.
Patients with stiffened, calcified arteries are likely to have elevated
PP due to both high SBP and low DBP. From this perspective,

low DBP may for many patients be a marker of arterial stiffness, a

risk factor for atherothrombotic events.'> In fact, elevated PP in this
cohort was associated with increased risk of both ischaemic stroke
and ML

Further context is provided by Mendelian randomization observa-
tions of a linear relationship between SBP and adverse CV events in
primary prevention patients exposed to a lifetime of genetic poly-
morphisms associated with higher blood pressure.’”*° These studies
supply evidence of a long-term relationship between elevated SBP
and CV events. The present analysis relies on a comparatively shorter
follow-up of 2.1 years, which should be sufficient for high-risk patients
with established CV disease to manifest CV events at low blood pres-
sures through the mechanisms described above. As noted, the stron-
gest association was between elevated troponin and incident Ml in
patients with low DBP, even after controlling for biomarkers and
pre-existing heart failure, which may reflect a short-term effect of
blood pressure lowering therapies despite a long-term generally pro-
tective effect of low blood pressure as suggested by Mendelian
randomization.

We cannot causally link lower blood pressure to increased risk of
Ml in this observational study, but we rigorously demonstrate the as-
sociation between low DBP and risk, which may be due to underlying
comorbidities (e.g. hypertension, coronary disease) or blood
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pressure lowering therapy. Consistent with this latter possibility is
the finding of increased MI with low DBP in the subset of patients
with baseline hypertension, which is not found in the subset of pa-
tients without hypertension at study entry. It should be noted that
because hypertension was a qualifying condition for SAVOR-TIMI 53
and is common, patients without hypertension in this trial are a select
group who, by definition, may have other significant risk factors or es-
tablished CV disease.

While the underlying mechanisms of the associations reported
here ultimately cannot be resolved in this observational analysis, the
findings do show a robust association between low DBP and Ml that
deserves further attention in randomized trials.

Quality comparison

Twenty-one percent of SBP measures and 24% of DBP values were
multiples of 10 while 32% of SBP values and 34% of DBP values were
multiples of 5. These numbers, while demonstrating some digit pref-
erence (goodness-of-fit P < 0.001 for SBP and DBP), compare favour-
ably to other recent reports."?

Limitations

There are a number of limitations to this analysis. Most importantly,
this analysis is observational and hypothesis-generating without the
ability to infer causality. Second, only baseline blood pressure and
troponin levels were analysed. Third, over 80% of patients enrolled in
SAVOR-TIMI 53 had a pre-existing diagnosis of hypertension and an
even greater proportion were taking a medication that lowers blood
pressure, limiting the ability to compare these associations in non-
hypertensive patients. Finally, only first events were included, poten-
tially limiting the analysis of more severe events, such as CV death,
owing to competing risk. Importantly, the quality metric of values
that are multiples of five or ten suggests accurate recording of meas-
ured blood pressures. This analysis also benefits from a large cohort
of at-risk patients with prospectively collected and adjudicated
outcomes.

Conclusion

In conclusion, after extensive adjustment for underlying disease
state, there was a persistent association between low DBP, sub-
clinical myocardial injury, and risk of Ml in diabetic patients at ele-
vated cardiac risk.
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