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Abstract—Systolic blood pressure (SBP) treatment targets for adults with diabetes mellitus remain unclear. SBP levels
among 12275 adults with diabetes mellitus, prior cardiovascular disease, and treated hypertension were evaluated in
the TECOS (Trial Evaluating Cardiovascular Outcomes With Sitagliptin) randomized trial of sitagliptin versus placebo.
The association between baseline SBP and recurrent cardiovascular disease was evaluated using multivariable Cox
proportional hazards modeling with restricted cubic splines, adjusting for clinical characteristics. Kaplan—-Meier
curves by baseline SBP were created to assess time to cardiovascular disease and 2 potential hypotension-related
adverse events: worsening kidney function and fractures. The association between time-updated SBP and outcomes
was examined using multivariable Cox proportional hazards models. Overall, 42.2% of adults with diabetes mellitus,
cardiovascular disease, and hypertension had an SBP 2140 mm Hg. The association between SBP and cardiovascular
disease risk was U shaped, with a nadir =130 mm Hg. When the analysis was restricted to those with baseline SBP of
110 to 150 mm Hg, the adjusted association between SBP and cardiovascular disease risk was flat (hazard ratio per 10-
mm Hg increase, 0.96; 95% confidence interval, 0.91-1.02). There was no association between SBP and risk of fracture.
Above 150 mmHg, higher SBP was associated with increasing risk of worsening kidney function (hazard ratio per
10-mm Hg increase, 1.10; 95% confidence interval, 1.02—1.18). Many patients with diabetes mellitus have uncontrolled
hypertension. The U-shaped association between SBP and cardiovascular disease events was largely driven by those
with very high or low SBP, with no difference in cardiovascular disease risk between 110 and 150 mmHg. Lower SBP
was not associated with higher risks of fractures or worsening kidney function. (Hypertension. 2017;70:907-914.
DOI: 10.1161/HYPERTENSIONAHA.117.09482.) ® Online Data Supplement
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Worldwide, ~] in 10 adults has diabetes mellitus, and the
global prevalence of diabetes mellitus continues to rise.!
Diabetes mellitus is a potent risk factor for cardiovascular dis-
ease (CVD), doubling the risk of both coronary heart disease
and ischemic stroke.>?® In the United States, 22% of adults with
diabetes mellitus have coronary heart disease and 9% have
prior stroke.* This group is at particularly high risk of recurrent
CVD events and should be targeted for aggressive risk factor
modification for secondary prevention.

One of the most prevalent and modifiable cardiac risk
factors in adults with diabetes mellitus is hypertension.’
Although the prevalence of hypertension among those with
diabetes mellitus is high, systolic blood pressure (SBP)
treatment targets remain unclear. Prior guidelines from the
Seventh Joint National Committee recommended that adults
with diabetes mellitus be tightly controlled with a goal of
<130/80 mmHg. However, the authors noted that available
data are somewhat sparse to justify the low target level.®

Received April 6, 2017; first decision April 19, 2017; revision accepted July 11, 2017.

From the Duke Clinical Research Institute, Duke University School of Medicine, Durham, NC (A.M.N., D.S.G., Y.L., J.B.G., E.D.P.); Division of
Cardiology, University of Texas Southwestern Medical Center, Dallas (D.K.M.); Canadian VIGOUR Centre, University of Alberta, Edmonton, Canada
(P.W.A.); Division of Endocrinology, University of North Carolina School of Medicine, Chapel Hill (J.B.B.); Merck Research Laboratories, Merck &
Co., Inc., Kenilworth, NJ (S.S.E.); The George Washington University Biostatistics Center, Rockville, MD (J.M.L.); Munich Diabetes Research Institute,
Helmholtz Center, Germany (E.S.); Department of Cardiovascular Sciences, University of Leuven, Belgium (F.V.d.W.); and Diabetes Trials Unit, Oxford
Centre for Diabetes, Endocrinology, and Metabolism, University of Oxford, Churchill Hospital, United Kingdom (R.R.H.).

The online-only Data Supplement is available with this article at http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYPERTENSIONAHA.

117.09482/-/DC1.

Correspondence to Ann Marie Navar, Duke Clinical Research Institute, Duke University School of Medicine, PO Box 17969, Durham, NC 27715.

E-mail ann.navar @duke.edu.


mailto:ann.navar@duke.edu

Subsequent guidance from the panel members appointed to
the Eighth Joint National Committee raised the threshold to
140/90 mm Hg in patients with diabetes mellitus, citing lack
of randomized controlled trial evidence for more stringent
goals.” The ACCORD (Action to Control Cardiovascular
Risk in Diabetes) blood pressure trial found that patients
with diabetes mellitus had similar cardiovascular outcomes
when randomized to SBP targets of 140 versus 120 mmHg.?
Epidemiological studies have actually suggested a possible U
shape to the association between SBP and CVD events, with
a possible increase in hazard among those in patients with
lower on-treatment SBPs.” In contrast, SPRINT (Systolic
Blood Pressure Intervention Trial) found in a nondiabetic but
high cardiovascular risk population that aggressive SBP low-
ering (<120 mmHg) significantly reduced the risk of CVD
and overall mortality."” The American Diabetes Association
recently recommended that an optional target for hyperten-
sion management was <130 mm Hg, based on data that lower
SBP targets in adults with diabetes mellitus may reduce risk
of stroke and albuminuria."

Our study goals were to use longitudinal data from
TECOS (Trial Evaluating Cardiovascular Outcomes With
Sitagliptin)'? to (1) describe current patterns in SBP control
among patients with diabetes mellitus and hypertension on a
global scale; (2) determine the unadjusted and risk-adjusted
association between on-treatment SBP and cardiovascular
outcomes; and (3) determine whether lower on-treatment
SBP was associated with adverse clinical events, includ-
ing bone fractures and renal insufficiency (both overall and
among older individuals).

Methods

TECOS was a double-blind, randomized clinical trial of sitagliptin
or placebo added to usual care in adults age =50 years with dia-
betes mellitus and prevalent CVD (prior coronary artery disease,
ischemic cerebrovascular disease, or atherosclerotic peripheral
arterial disease) between December 2008 and July 2012. Overall,
14671 patients were randomized and included in the intention-
to-treat population. Of these, we included adults with a clinical
diagnosis of hypertension and confirmed CVD at baseline and who
were on at least 1 antihypertensive medication at trial enrollment.
All TECOS trial participants provided informed consent to par-
ticipate, and the protocol was approved by the ethics committee
at each participating trial site. Blood pressures were collected in
clinic at baseline and at study follow-up visits at enrolling sites per
local clinic protocols.

Our primary effectiveness outcome was the composite CVD end
point, including cardiovascular death, stroke, myocardial infarction,
hospitalization for unstable angina, or hospitalization for heart fail-
ure. This composite was also assessed excluding hospitalization for
heart failure (nonheart failure CVD).

Two safety outcomes, potential adverse events associated with
too aggressive blood pressure lowering, were also assessed: bone
fractures (potentially associated with falls) and worsening kid-
ney function. Kidney function was defined using site-reported
estimated glomerular filtration rate (eGFR) estimated with the
Modification of Diet in Renal Disease method.!* Worsening kidney
function was defined in 2 ways: (1) for those with baseline chronic
kidney disease (site-reported eGFR <90 mL/min per 1.73 m?) as a
decrease in site-reported eGFR >250% or development of end-stage
renal disease requiring dialysis or transplantation, and (2) for those
without chronic kidney disease as development of end-stage renal
disease or a decrease in eGFR of 230% to a value of <60 mL/min
per 1.73 m*

Statistical Analysis

The study population was divided into 5 groups based on their base-
line SBP: <120 mmHg, 120 to <130 mmHg, 130 to <140 mmHg,
140 to <160 mmHg, and 2160 mmHg. Categorical and continuous
baseline characteristics for these groups were described.

Unadjusted Kaplan—Meier curves were used to determine as-
sociations between baseline SBP and the effectiveness/safety end
points of interest. The shape of the association between SBP at
baseline and effectiveness/safety end points was evaluated using
multivariable-adjusted Cox proportional hazards models to gener-
ate a plot of the predicted event rates at 48 months by baseline SBP.
We then evaluated the association between SBP as a time-updated
variable using all SBP measurements obtained during follow-up
study visits and CVD events. If the test for nonlinearity for baseline
SBP was significant based on the Wald % test, the risk for SBP was
approximated using a piecewise linear spline, with clinical input
and visual inspection of the shape of the adjusted association be-
tween SBP and end point of interest used to identify the cut points.
Cox models were stratified by region and adjusted for the follow-
ing risk factors: age, sex, race, prior stroke or transient ischemic
attack, prior congestive heart failure, prior coronary disease, prior
peripheral arterial disease, eGFR, hemoglobin Alc, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, smok-
ing status, prior chronic obstructive pulmonary disease, prior atrial
fibrillation or atrial flutter, albumin:creatinine ratio, creatinine,
body mass index, hemoglobin, statin use, and treatment arm (sita-
gliptin or placebo).

Missing data for risk factors used in multivariable modeling were
imputed using the fully conditional specification method,'* and miss-
ing SBP measurements at follow-up were imputed using the last ob-
servation carried forward for measurements obtained <1 year before
the missing observation. Missing SBP at baseline was not imputed.

Subgroup and Sensitivity Analyses

To further evaluate the shape of the association between baseline SBP
and CVD events, multivariable spline and Cox models were repeated
for adults with baseline SBP between 110 and 150 mmHg. These
ranges were selected because they eliminated the potential effects of
those with outlier low or high SBP and were more representative of
SBP ranges recommended by hypertension guidelines.

To evaluate the impact of preexisting heart failure on the results,
the association between SBP and nonheart failure CVD events was
evaluated excluding adults with heart failure at baseline. To evalu-
ate whether the association between SBP and CVD end points var-
ied with age, we looked at the association between baseline SBP and
CVD outcomes, stratified by age group (>70 and <70 years), and
tested the interaction between treated SBP and age (continuous) in
Cox proportional hazards modeling used to determine association be-
tween time-updated SBP and CVD.

Safety Analyses

Safety end points were analyzed as described above; however, the
multivariable analyses included the risk factors mentioned above in
addition to diuretic usage for Cox proportional hazards models using
time to development of bone fracture as the outcome. For worsening
kidney failure, the multivariable model included use of an angiotensin
receptor blocker or angiotensin-converting enzyme inhibitor.

Results

Of the 14671 patients in the intention-to-treat population for
TECOS, 12275 (83.7%) had a clinical diagnosis of hyperten-
sion and were on at least 1 blood pressure—lowering medica-
tion at baseline; 373 of these adults were excluded because of
lack of SBP values at baseline. The average age of adults was
66.0 years, 30.7% were women, and 30.0% were non-white.
Coronary artery disease was the most common type of CVD
(present in 74.8%), and 19.5% of patients had prior congestive
heart failure.



Table 1. Characteristics of Adults in TECOS With Treated Hypertension and Prior Cardiovascular Disease by Baseline SBP
S (Il All Patients
Characteristic <120 (n=1613) | 120-129 (n=2287) = 130-139 (n=3192) = 140-159 (1=4000)  >160 (n=1183) (n=12275)
Age 65.0 (60.0, 71.0) 65.0 (59.0, 71.0) 65.0 (60.0, 71.0) 66.0 (60.0, 72.0) 67.0 (61.0, 73.0) 66.0 (60.0, 71.0)
Female 25.2% 29.1% 30.5% 32.5% 36.3% 30.7%
Race
White 67.3% 68.6% 69.7% 73.2% 66.7% 70.0%
Black 4.0% 3.7% 2.6% 3.0% 5.1% 3.3%
Asian 22.6% 21.2% 21.0% 17.5% 18.9% 19.9%
Other 6.2% 6.4% 6.7% 6.4% 9.3% 6.7%
Coronary artery disease 84.3% 77.8% 74.0% 71.4% 69.1% 74.8%
Cerebrovascular disease 221% 24.6% 25.4% 27.9% 28.5% 25.9%
Peripheral arterial 12.7% 13.1% 16.7% 17.6% 20.1% 16.1%
disease
Prior myocardial 48.7% 44.8% 42.8% 42.3% 36.9% 43.2%
infarction
Prior congestive heart 18.6% 18.4% 18.9% 21.3% 18.8% 19.5%
failure
Prior stroke 15.7% 17.0 18.1% 20.1% 20.3% 18.4%
Atrial fibrillation/atrial 11.5% 91% 77% 8.4% 5.7% 8.5%

flutter

eGFR, mL/min per
1.73 m?

71.0 (59.0, 86.0)

72.0 (60.0, 87.0)

73.0 (60.0, 88.0)

72.0 (0.0, 87.5)

70.0 (57.0, 86.8)

72.0 (60.0, 87.0)

Hemoglobin, g/L

136.0 (125.0, 146.0)

136.0 (125.0, 146.0)

137.0(127.0, 148.0)

138.0(127.3, 148.0)

135.0 (125.0, 145.0)

137.0(126.0, 147.0)

Diastolic blood pressure,
mmHg

68.0 (60.0, 72.0)

75.0 (69.0, 80.0)

80.0 (70.0, 82.0)

80.0 (76.0, 90.0)

87.0 (80.0, 94.0)

80.0 (70.0, 84.0)

BMI, kg/m? 202(26.1,33.4) | 20.8(26.4,336) | 29.8(266,33.3) | 30.2(27.0,33.9) | 30.2(26.9,340) & 29.9(26.7,33.7)
No. of BP medications 2.0 (2.0,3.0) 2.0 (2.0, 3.0 2.0 (2.0, 3.0 2.0 (2.0, 3.0 2.0 2.0, 3.0 2.0 2.0, 3.0
rTn"rtna(')l‘/’EO'eStem" 38 (3.3, 45) 4.0 (3.4, 47) 4.1 (35,5.0) 43(36,5.2) 43(36,5.3) 4135, 49
LDL cholesterol, mmol/L | 1.9 (1.5, 2.5) 2.1(1.6,2.7) 2.1(1.7,2.8) 2.3(1.8,3.0) 2.3(1.8,3.1) 2.2(17,2.8)
HDL cholesterol, mmol/L | 1.0(0.9, 1.2) 1.1(0.9,1.3) 1.1(0.9,1.3) 1.1(0.9,1.3) 11(09,1.3) 1.1(09,1.3)
Aspirin 81.1% 80.9% 78.6% 77.5% 76.8% 78.8%
ACE inhibitor or ARB 83.6% 84.9% 83.4% 86.0% 86.9% 84.9%
B-Blocker 72.2% 68.3% 66.6% 66.3% 65.7% 67.5%
Thiazide diuretic 22.9% 24.9% 26.6% 28.6% 29.3% 26.7%
Calcium channel blocker 29.1% 35.0% 38.1% 40.7% 46.1% 37.9%
Nitrate 26.2% 20.8% 19.2% 18.4% 15.9% 19.8%
a-1 blocker 10.6% 6.7% 7.2% 8.1% 9.0% 8.0%
Aldosterone antagonist 9.5% 71% 5.3% 5.3% 5.2% 6.2%
Hydralazine 0.7% 0.5% 0.8% 0.8% 1.4% 0.8%
:ﬁ:li';ri:];"b“"' (€0, 0.3% 0.4% 0.6% 0.6% 0.8% 0.6%
Other antihypertensive 5.0% 6.0% 5.2% 6.8% 8.4% 6.1%

eGFR by site-reported Modification of Diet in Renal Disease equation. Continuous variables presented as median (interquartile range). Categorical variables presented
as %. The characteristics displayed in this table are not imputed but rather the original values. ACE indicates angiotensin-converting enzyme; ARB, angiotensin I
receptor blocker; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP,
systolic blood pressure; and TECOS, Trial Evaluating Cardiovascular Outcomes With Sitagliptin.



Rates of Blood Pressure Control

At baseline, 42.2% of individuals had an SBP 2140 mmHg,
and 9.6% had an SBP 2160 mmHg, while 31.8% had an SBP
<130 mmHg and 13.1% an SBP <120 mm Hg. Characteristics
of the overall population by baseline SBP are described in
Table 1. Patients with higher SBP levels were older, more
often women, more likely to have prior stroke, and less likely
to have coronary artery disease. The median number of blood
pressure medications used was the same (2.0) across all
groups. Of those with SBP <120 mmHg (n=1613) at base-
line, 69.3% (n=1118) had SBP 2110 and <120 mmHg, 24.2%
(n=390) had SBP >100 and <110 mmHg, and 6.5% (n=105)
had SBP <100 mmHg.

Association of Blood Pressure Control and
Cardiovascular Outcomes

The median duration of follow-up was 3.0 years. Overall, the
composite cardiovascular event rate was 13.4%, or 4.9% per
100 person-years. In unadjusted analyses, time to develop-
ment of CVD differed by baseline SBP (P<0.0001). The risk
of development of CVD appeared to be higher for those with
baseline SBP 2140 mmHg when compared with the lower
SBP groups (Figure 1).

Restricted cubic spline analysis revealed that the associa-
tion between SBP at baseline and predicted CVD risk was
nonlinear, with a U-shaped association observed in both uni-
variable (Figure S1A in the online-only Data Supplement)
and multivariable analyses (Figure 2A). Based on the shape
of this curve and clinical input, the association between time-
updated SBP and CVD events was modeled with a piecewise
linear spline: Above 130 mm Hg, every 10-mm Hg increase in
SBP was associated with a 7% increase in the hazard of CVD
(hazard ratio [HR], 1.07; 95% confidence interval [CI], 1.02—
1.11). Below 130 mmHg, every further 10-mmHg decrease
was associated with a 12% increase in hazard of CVD (HR,
1.12; 95% CI, 1.05-1.20).

However, further examination of the association between
baseline SBP and CVD events restricted to those in the SBP
range of 110 to 150 mmHg eliminated the U-shaped associa-
tion (unadjusted curve Figure S1A; adjusted curve Figure 2B;
P for nonlinearity=0.18). When formally tested in the time-
updated multivariable model, there was no association
between SBP and CVD in adults with an SBP of 110 to 150
mmHg (P=0.20; HR per 10-mmHg increase, 0.96; 95% CI,
0.91-1.02; Table 2).

Sensitivity Analysis

The U shape of the association between baseline SBP and
CVD was similar when applied to nonheart failure CVD
events after excluding adults with heart failure at baseline
(Figure S2). Specifically, in the overall population, there was a
U-shaped association, but this was not apparent when limited
to adults with an SBP of 110 to 150 mm Hg.

The shapes of the associations between baseline SBP and
CVD were also similar in both younger (age <70 years) and
older (age >70 years) adults (Figures S3 and S4). In multivari-
able modeling, the association between time-varying SBP and
CVD did not differ by age (interaction P value 0.11).

Association Between SBP and Safety Outcomes

Kaplan—Meier curves showed a significant association between
baseline SBP and development of worsening kidney function
(P<0.001; Figure 3). Adults with a baseline SBP 2160 mm Hg
appeared to be at higher risk of development of worsening
kidney failure when compared with the other 4 SBP groups
at baseline. In multivariable modeling, the shape of the asso-
ciation between baseline SBP and worsening kidney function
appeared flat until baseline SBP was =150 mmHg, at which
point the risk of worsening kidney function increased (multi-
variable-adjusted spline shown in Figure 4, unadjusted curve
shown in Figure S5). Therefore, SBP of 150 mm Hg was used
as the cutpoint for the linear splines of SBP included in the
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Figure 1. Systolic blood pressure (SBP)
at baseline and time to cardiovascular
disease (CVD) in adults with diabetes
mellitus, treated hypertension, and
prior CVD in TECOS (Trial Evaluating
Cardiovascular Outcomes With
Sitagliptin). Unadjusted Kaplan-Meier
CVD event rates for adults with prior
CVD, hypertension, and on blood
pressure treatment. Numbers below the
X axis are the number at risk at the time
point, stratified by SBP group of interest.
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Figure 2. Multivariable-adjusted predicted cardiovascular disease (CVD) event rates at 48 mo in adults with diabetes mellitus, hypertension,
and prior CVD by systolic blood pressure (SBP) at baseline: (A) SBP 70 to 200 mmHg and (B) SBP 110 to 150 mmHg. Predicted CVD
event rates by baseline SBP adjusting for sex, age, race (white, black, Asian, and other), history of coronary disease, history of stroke/
transient ischemic attack, history of peripheral artery disease, history of chronic obstructive pulmonary disease, history of congestive heart
failure, history of atrial fibrillation/flutter, estimated glomerular filtration rate (€GFR), baseline hemoglobin A1c, albumin:creatinine ratio,
creatinine, hemoglobin, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, smoking status (never, current, or former),
statin use, body mass index, eGFR, and randomized treatment. Predicted event rates represent predicted rates from an average subject
and are calculated from the Cox model based on an individual with mean values for each variable in the equation.

multivariable modeling. After adjustment for baseline factors,
there was an association between time-varying SBP and time
to development of worsening kidney function for SBP >150
mmHg (HR per 10-mmHg decrease for SBP <150 mmHg,
1.04; 95% CI, 0.996-1.08; HR per 10-mm Hg increase for SBP
>150 mmHg, 1.10; 95% CI, 1.02-1.18).

No relationship could be detected between SBP at baseline
and time to development of bone fractures using the unadjusted
Kaplan—-Meier event rates (log-rank P value, 0.23; Figure S6)
or in multivariable analysis evaluating time-updated SBP (HR
per 10-mm Hg increase, 0.95; 95% CI, 0.89-1.02; P=0.15).

Discussion
Adults with diabetes mellitus and hypertension have high
longitudinal risks for cardiovascular and non-cardiovascular

adverse outcomes. Our study of TECOS data has several
important findings. First, we found that SBP control in patients
with diabetes mellitus from a global perspective is suboptimal.
Up to 40% of these individuals with high CVD risk had an SBP
>140 mmHg, and =10% had an SBP =160 mmHg. Second,
although there appeared to be a U-shaped association between
on-treatment SBP at baseline and CVD events in the overall
TECOS population, this apparent association was being driven
by the extremes of SBP. Within the SBP range targeted by
many guidelines (110-150 mmHg), there was no apparent dif-
ference in risk of CVD events by SBP level. Finally, we found
no evidence that lower SBP (<130 mm Hg) was associated with
increased rates of bone fractures or worsening kidney function.

Regardless of the specific target used, SBP was a major
undertreated but highly modifiable risk factor in this high-risk

Table 2. Hazard Ratios for the Association Between Time-Updated SBP and CVD End Points

HR <130 mmHg HR >130 mmHg

End Point Population per 10-mm Hg Decrease per 10-mmHg increase
Overall

Composite CVD All adults with hypertension 1.12 (1.05-1.20) 1.07 (1.02-1.11)

Composite CVD Excluding baseline HF 1.12 (1.03-1.21) 1.08 (1.03-1.13)

Non-HF CVD All adults with hypertension 1.12(1.02-1.22) 1.10 (1.04-1.15)

Non-HF CVD Excluding baseline HF 1.10(1.02-1.22) 1.07 (1.04-1.15)
SBP 110-150 mmHg HR per 10-mmHg increase

Composite CVD All adults with hypertension 0.96 (0.91-1.02), P=0.20

Composite CVD Excluding baseline HF 0.96 (0.90-1.02), P=0.20

Non-HF CVD All adults with hypertension 0.97 (0.92-1.03), P=0.32

Non-HF CVD Excluding baseline HF 0.96 (0.90-1.04), P=0.32

HR presented with 95% confidence interval. CVD indicates cardiovascular disease; HF, heart failure; HR, hazard ratio; and SBP, systolic blood pressure.
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Figure 3. Systolic blood pressure (SBP)

at baseline and time to worsening

kidney function in adults with diabetes
mellitus, treated hypertension, and prior
cardiovascular disease in TECOS (Trial
Evaluating Cardiovascular Outcomes With
Sitagliptin). Unadjusted Kaplan—-Meier
event rates of worsening kidney function
by baseline SBP category. Numbers below
the x axis are the number at risk at the time
point, stratified by SBP group of interest.
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population. Nearly half of TECOS participants had elevated
SBP 2140 mmHg, an area where there is little controversy
on the benefits of blood pressure lowering in high-risk adults
with diabetes mellitus. This highlights the important differ-
ence between what is recommended and what is achieved in
a population. Given that 100% goal attainment is unlikely, 1
unintended consequence of lower SBP-recommended targets
may be to shift the entire distribution of SBPs downward, thus
decreasing the numbers of adults with extremely high SBPs.
The U-shaped association seen between SBP and CVD out-
comes has raised concern about the risks of potentially over-
treating SBP. For example, a recently reported analysis of adults
with coronary artery disease in a large multicountry registry
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reported that on-treatment SBP <120 mmHg was associated
with increased risks of CVD events for both diabetic and nondi-
abetic adults.” However, all adults with SBP <120 mmHg were
analyzed together; the influence of outliers in this analysis may
have been substantial. Although our analysis also demonstrated
this association, we also showed that this U shape was largely
influenced by adults with extremely low SBP.

Some of our findings are consistent with what has been
observed previously. We found no strong association between
macrovascular cardiovascular outcomes among those with on-
treatment SBPs at baseline ranging from 110 to 150 mmHg.
Although trials have shown benefit in treatment of hyperten-
sion in adults with diabetes mellitus," there have been limited

Figure 4. Multivariable-adjusted predicted
rates of worsening kidney function at

48 mo in adults with diabetes mellitus,
hypertension, and prior cardiovascular
disease by systolic blood pressure (SBP)
at baseline. Predicted event rates for
worsening kidney function at 48 mo by
baseline SBP adjusting for sex, age, race
(white, black, Asian, and other), history of
coronary disease, history of stroke/transient
ischemic attack, history of peripheral artery
disease, history of chronic obstructive
pulmonary disease, history of congestive
heart failure, history of atrial fibrillation/
flutter, estimated glomerular filtration rate,
baseline hemoglobin A1c, albumin:creatinine
ratio, creatinine, hemoglobin, high-density
lipoprotein cholesterol, low-density
lipoprotein cholesterol, smoking status
(never, current, or former), statin use, body
mass index, and randomized treatment.
Predicted event rates represent predicted
rates from an average subject and are
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data supporting improved macrovascular outcomes <140
mmHg. In ACCORD, the intensive treatment group achieving
a mean SBP of 119.3 mmHg had nonsignificantly lower car-
diovascular event rates relative to the standard treatment arm
who achieved a mean SBP of 133.5 mmHg.? In this analysis,
we chose to focus on the association between SBP and cardio-
vascular events given the moving target for SBP for adults with
diabetes mellitus. Other studies have shown a U-shaped asso-
ciation for diastolic blood pressure and CVD events,'® which
was also seen in our sample (Figure S7). SBP and diastolic
blood pressure are correlated; novel modeling approaches are
needed to simultaneously evaluate the effect of SBP, diastolic
blood pressure, and pulse pressure on CVD risk.

In addition to the focus on SBP, our analysis has several
limitations. First, this is an observational analysis of trial data,
and treatment biases may not have been fully accounted for by
adjustment variables at baseline. It is possible that adults with
lower on-treatment SBP had more comorbidities and, there-
fore, had more aggressive approaches to their blood pressure.
In addition, blood pressure measurements were taken at outpa-
tient clinic visits, which cannot detect white coat hypertension
or masked hypertension and can be affected by measurement
error.”” However, this can also be interpreted as a strength
because it reflects blood pressures that clinicians use in prac-
tice. This differs from blood pressures in the SPRINT trial,
which used methods that led to systematically lower blood
pressure readings than are seen in clinical practice.’® Given
the observational nature of this study, our findings should be
interpreted with caution. The association between SBP and
CVD may not imply that changes in treatment would change
outcomes. Although we were unable to account for dosing,
the number of blood pressure medication classes used did
not substantially vary by baseline blood pressure. Thus, it is
possible that the differences seen reflect more of the patients’
vascular biology and response to blood pressure medications
than their actual achieved blood pressure. Next, the TECOS
population includes adults with relatively well-controlled dia-
betes mellitus, and thus these results may not be generalizable
to all adults with diabetes mellitus. Finally, this analysis only
included adults with prior CVD, thus showing the relationship
between treated SBP and recurrent CVD events.

Perspectives
Globally, hypertension control remains suboptimal in adults
with diabetes mellitus and CVD, demonstrating the need for
further efforts to treat elevated blood pressure to prevent recur-
rent CVD events. The U-shaped curve seen between SBP and
CVD events was largely driven by increased risk at extremes
of SBP and indicates a wide margin for safety for treatment of
SBP <140 mmHg. Among those with SBP between 110 and
150 mm Hg, we could detect no increased risk of CVD events.
We also found no risks for CVD, fractures, or worsening kid-
ney function among those with on-treatment SBP down to 110
mmHg. Given the potential microvascular improvements and
lack of observed increase in macrovascular complications in
both randomized trials and observational data, targeting SBP
<130 mmHg as currently optionally recommended by the
American Diabetes Association guidelines seems safe. Our
data heighten the need for improved hypertension treatment

in high-risk adults with diabetes mellitus and CVD in com-
munity practice. Regardless of the target used, there remains
substantial room for improvement in blood pressure control in
adults with diabetes mellitus to reduce the risk of CVD.
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Novelty and Significance

What Is New?

Although other studies have shown the U-shaped relationship between
systolic blood pressure (SBP) and cardiovascular events, this analysis
demonstrates how the shape of that curve is largely driven by extremely
low SBPs. Between 110 and 150 mmHg, the risk of cardiovascular dis-
ease (CVD) events in patients with diabetes mellitus and cardiovascular
disease was similar.

What Is Relevant?

Hypertension is a leading modifiable cause of events in adults with
diabetes mellitus and CVD, yet control remains suboptimal globally.

Summary

Many patients with diabetes mellitus, CVD, and hypertension have
uncontrolled blood pressure. Although there was a U-shaped asso-
ciation between baseline SBP and CVD events in the overall popula-
tion, this was largely driven by those with very high or low baseline
SBPs. There was a wide safety margin for on-treatment SBPs; be-
tween 110 and 150 mmHg, we observed no difference in CVD risk.





