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OBJECTIVE

Guidelines for hypertension treatment in patients with diabetes diverge regarding
the systolic blood pressure (SBP) threshold at which treatment should be initiated
and treatment goal. We examined associations of early SBP treatment with
atherosclerotic cardiovascular disease (ASCVD) events in U.S. adults with diabetes.

RESEARCH DESIGN AND METHODS

We studied 43,986 patients with diabetes who newly initiated antihypertensive
therapy between 2002 and 2007. Patients were classified into categories based on
SBP at treatment initiation (130–139 or ‡140 mmHg) and after 2 years of treatment
(100–119, 120–129, 130–139, 140–159, and‡160mmHg). Theprimaryoutcomewas
composite ASCVD events (fatal and nonfatal myocardial infarction and stroke),
estimated using inverse probability of treatment-weighted Poisson regression and
multivariable Cox proportional hazards regression.

RESULTS

Relative to individuals who initiated treatment when SBP was 130–139 mmHg,
those with pretreatment SBP ‡140mmHg had higher ASCVD risk (hazard ratio 1.10
[95% CI 1.02, 1.19]). Relative to those with pretreatment SBP of 130–139 mmHg and
on-treatment SBP of 120–129mmHg (reference group), ASCVD incidence was higher
in those with pretreatment SBP ‡140 mmHg and on-treatment SBP 120–129 mmHg
(adjusted incidence rate difference [IRD] 1.0 [20.2 to 2.1] events/1,000 person-
years) and in those who achieved on-treatment SBP 130–139 mmHg (IRD 1.9 [0.6,
3.2] and 1.1 [0.04, 2.2] events/1,000 person-years for those with pretreatment
SBP 130–139 mmHg and ‡140 mmHg, respectively).

CONCLUSIONS

In this observational study, patients with diabetes initiating antihypertensive
therapy when SBP was 130–139 mmHg and those achieving on-treatment
SBP <130 mmHg had better outcomes than those with higher SBP levels when
initiating or after 2 years on treatment.

Blood pressure (BP) control is a recommended component of cardiovascular disease
risk reduction in individuals with diabetes (1,2). However, the optimal approach to BP
management in hypertensive adults with diabetes remains unclear. Professional
society guidelines from the American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) and the American Diabetes Association (ADA) diverge on the BP
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threshold at which to initiate treatment
and the BP therapeutic goal (1,3). The
2017 ACC/AHA guidelines classify all
patients with diabetes as high risk for
cardiovascular disease and recommend
initiating therapy when systolic BP (SBP)
is .130 mmHg and targeting a goal
SBP of ,130 mmHg (3). In contrast, the
ADA recommends initiating hypertension
treatment at a threshold of 140 mmHg
with a goal of on-treatment SBP of ,140
mmHg for most patients with diabetes (1).
The discordant professional society

guidelines reflect divergent randomized
trial results. The Systolic Blood Pressure
Intervention Trial (SPRINT) found that
randomization to a goal SBP of ,120
mmHg in adults without diabetes but
with hypertension was associated with
lower mortality and cardiovascular events
comparedwith a goal SBP of,140mmHg
(4). In contrast, the Action to Control
Cardiovascular Risk in Diabetes–Blood
Pressure (ACCORD-BP) trial reported no
significant difference in cardiovascular
events or mortality in patients with di-
abetes with hypertension who were ran-
domized to a goal SBP ,120 mmHg
compared with those with a goal SBP
,140 mmHg (5). Neither trial, however,
directly addressed the threshold for an-
tihypertensive medication initiation in
individuals with diabetes, and there
are few observational studies that specif-
ically examine associations between early
BP treatment and clinical outcomes. Thus,
a critical gap remains regarding the clinical
benefits of specific SBP thresholds for treat-
ment initiation and treatment goals in in-
dividuals with diabetes and hypertension.
To address this gap, we performed a

retrospective study in a national cohort of
U.S. adults with diabetes and hypertension
receiving primary care in the Veterans
Affairs health care system (VA), the largest
integrated health care system in the U.S.
We assessed associations between both
the threshold at which antihypertensive
treatment was initiated and the SBP
achieved in the first 2 years on treatment
with long-term atherosclerotic cardiovas-
cular disease (ASCVD) events and mortal-
ity among individuals with diabetes who
were newly treated for hypertension.

RESEARCH DESIGN AND METHODS

Study Population
We conducted a retrospective cohort
study of individuals with diabetes re-
ceiving routine primary care in the VA.

Diabetes status was defined as two or
more uses of ICD-9-Clinical Modification
diagnosis codes 250.xx or one or more
use of 250.xx in conjunction with a pri-
mary care provider visit and use of an
outpatient diabetes medication during
2002–2003. Among those with diabetes,
we included those who had elevated BP at
baseline (2003–2007) and who were newly
started on an outpatient antihypertensive
medication between 2003 and 2007. Ele-
vated BP at baseline was defined as at least
two measurements of SBP .140 mmHg
before antihypertensive drug initiation,
although the last SBP measurement before
starting an antihypertensive medication
did not have to be.140mmHg. The date
of the initial antihypertensive medication
prescription was considered the date of
treatment initiation. To identify those
individuals newly started on BP medica-
tions, we excluded individuals with any
antihypertensive prescriptions before
the index prescription through the VA
or outside the VA based on non-VA med-
ication records and Medicare/Medicaid
data. Medications considered antihyper-
tensive drugs included the following clas-
ses: calcium channel blockers (CCB),
diuretics, b-blockers (BB), ACE inhibitors
(ACEi), and angiotensin receptor blockers
(ARB). In addition, participants had to
have age, sex, race/ethnicity, non-HDL
cholesterol, SBP, smoking status, BMI,
and hemoglobin A1c (HbA1c) at baseline.
The Emory University and VA Boston
Healthcare System Institutional Review
Boards approved this study.

Exposures
In preliminary analyses, we evaluated
two exposures: 1) last SBP before anti-
hypertensive medication initiation, cat-
egorized as 130–139 and $140 mmHg;
and 2) mean SBP in the 2nd year on
treatment, categorized as 100–119, 120–
129, 130–139, 140–159, and $160
mmHg.We used outpatient BPmeasure-
ments recorded in the electronic health
record (EHR) during routine clinical care
to assign individuals to SBP categories.
Because pretreatment and on-treatment
SBP were both associated with the out-
comes of interest, the exposure for the
primary analysis was a combination of
the last SBP before antihypertensive
medication initiation and the mean
SBP in the 2nd year on treatment. The
last SBP before antihypertensive medi-
cation initiationwas classified as 130–139

or $140 mmHg to discriminate be-
tween a discrepancy between the
ACC/AHA guidelines and the ADA guide-
lines. The on-treatment SBP achieved
was defined as the mean SBP across
all measurements in the 2nd year
(days 366–730) after antihypertensive
medication initiation. We evaluated
on-treatment SBP in the 2nd year after
treatment initiation because the SBP
levels plateaued in the 2nd year on
treatment for most individuals in our
cohort. For the primary analysis, we
specified on-treatment SBP as a four-
category variable: 100–119, 120–129,
130–139, and 140–159 mmHg. We did
not include SBP $160 mmHg because
individuals who had an SBP elevated to
that level despite treatment diverged
substantially from the other study par-
ticipants across most baseline charac-
teristics (Supplementary Table 1). To
minimize potential reverse causality in
which low on-treatment SBP was associ-
ated with higher mortality due to a com-
mon cause of low SBP and mortality, we
excluded individuals with on-treatment
SBP ,100 mmHg.

Outcomes
The primary outcome was a first ASCVD
event after antihypertensive medica-
tion initiation, defined as fatal or non-
fatal stroke or myocardial infarction.
ASCVD events were identified using
validated phenotyping algorithms that
used diagnosis codes, notes, and other
features in the EHR (6,7). We focused on
first ASCVD events rather than cumu-
lative incidence, including recurrent
events, for two reasons: 1) to main-
tain comparability with recent clinical
trials, and 2) to avoid changes in care
after a nonfatal ASCVD event (e.g.,
medication intensification) that could
add unmeasured confounding to the
analysis of associations of BP levels in
the first 2 years of treatment with sub-
sequent events. Secondary outcomes
were cardiovascular mortality and all-
cause mortality. Causes of death were
based on the primary cause of death in the
National Death Index (8) through 2014,
classified into 10 cause-of-death catego-
ries: cardiovascular disease, cancer, chronic
obstructive pulmonary disease, diabetes,
chronic kidney disease, infection, mental
illness, abnormal/accident, other chronic
diseases, and all other causes (Supple-
mentary Table 2).
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Statistical Analysis
We compared participant characteristics
across levels of baseline SBP using x2

tests for categorical data and two-sample
t tests for continuous or ordinal data. In
preliminary analyses evaluating the as-
sociations between pretreatment SBP
and on-treatment SBP independently,
we used multivariable Cox proportional
hazards regression (to estimate hazard
rates) and multivariable Poisson regres-
sion (to estimate incidence rates) using
stabilized inverse probability of treat-
ment weighting (IPTW), a method of
balancing covariates between exposure
categories by weighting individuals based
on propensity for each BP category (9).
All multivariable analyses included

demographic variables (baseline age, sex,
race, and ethnicity), baseline cardiovas-
cular disease risk factors (non-HDL cho-
lesterol, BMI, and smoking status),
diabetes-related variables (outpatient di-
abetes medications categorized as none,
drug regimens without insulin, and drug
regimens with insulin; and baseline
HbA1c), renal function expressed as
the estimated glomerular filtration
rate (eGFR) calculated using the Chronic
Kidney Disease Epidemiology Collabora-
tion equation (10), and Elixhauser co-
morbidity index score (11). We opted for
the Elixhauser comorbidity index based
on prior evidence that it performed
comparably to alternative indices for
predicting mortality in the VA and better
than alternatives for predicting VA health
care utilization (12,13). All comorbidities
were based on ICD-9 diagnosis codes in
the VA EHR (Supplementary Table 3).
In preliminary analyses evaluating

on-treatment SBP as the exposure, we
included additional covariates: the num-
ber of BP drug classes used at 2 years
after antihypertensive medication initi-
ation and whether an individual was or
was not prescribed a CCB, BB, ACEi/ARB,
or diuretic. Smoking status was deter-
mined using an algorithm developed for
VA EHR that classified individuals as ever
or never smokers (14).
For the primary analysis of the asso-

ciation of the combination of the SBP at
antihypertensive medication initiation
and SBP in the 2nd year of treatment,
we used an IPTW approach to balance
covariates. We estimated the propensity
for both treatment initiation after an SBP
of 130–139 or $140 mmHg and achieve-
ment of on-treatment SBP of 100–119,

120–129, 130–139, or 140–159 mmHg.
Thus, the propensity model estimated
probability of inclusion in one of eight
categories defined by two possible treat-
ment initiation thresholds and four pos-
sible levels of SBP achieved on treatment,
capturing the differing thresholds for
initiation and on-treatment goals high-
lighted by the ACC/AHA and ADA guide-
lines for hypertension management (1,3).

To account for time-varying covari-
ates between treatment initiation and
2 years on treatment, we included base-
line covariates available at the time of
treatment initiation and also updated
comorbidities, HbA1c, and renal function
at 2 years on treatment in the propensity
model. We then used stabilized IPTW
Poisson regression and Cox proportional
hazards models to compare outcomes
across the eight categories defined by
threshold of treatment initiation and SBP
achieved on treatment with robust sand-
wich estimators of variance to calculate
valid 95% CIs (15).

Because the primary exposure was
based on BP measurements over the
first 2 years of treatment, participants
who died during the first 2 years after
antihypertensive medication initiation
were censored. Individuals who had an
ASCVD event during the first 2 years of
antihypertensive therapy were excluded
from analyses of the ASCVDoutcome but
were included in analysis of mortality.
As a sensitivity analysis, we limited the
analyses to individuals aged 55–65 years
at baseline to reduce the impact of age on
the association between BP and ASCVD
events.

For all Cox proportional hazards mod-
els with cardiovascular mortality as the
outcome, we used cumulative incidence
function methods to account for com-
peting risk from mortality due to non-
cardiovascular causes (16). We used a
significance threshold of P, 0.05 for all
association tests. All analyses were con-
ducted in SAS Enterprise Guide 7.1 (SAS
Institute, Cary, NC) or R 3.3 software (R
Foundation for Statistical Computing,
Vienna, Austria). Statistical code is avail-
able upon request.

RESULTS

Study Participant Characteristics
The study included 43,986 participants
(81% white and 16% black) in the study.
Mean age was 62 years, mean BMI was
31.8 kg/m2, and mean follow-up time

was 9.3 years. The pretreatment SBP
was 130–139 in 14,064 individuals (32%)
and $140 mmHg in 29,922 (68%). Indi-
viduals who initiated antihyperten-
sive therapy after an SBP of 130–139
mmHg were younger, were less likely to
have baseline cardiovascular disease or
chronic kidney disease, and were more
likely to have cancer or mental health
disease at baseline compared with those
who started treatment when SBP
was $140 mmHg (Table 1). Despite
statistically significant differences, the
two groups were clinically similar with
regard to baseline BMI, HbA1c, diabetes
medications, lipid levels, and lipid med-
ications (Table 1). There were clinically
minor but statistically significant differ-
ences between on-treatment SBP groups
across most covariates measured (Sup-
plementary Table 1). A small proportion
(4.0%) of the study population had an
SBP$160 mmHg after 2 years of treat-
ment; this group differed from the
other on-treatment SBP groups across
a number of important covariates (e.g.,
baseline cardiovascular disease, HbA1c,
Elixhauser score, and eGFR) (Supplemen-
tary Table 1), and they were excluded
from the remainder of the analyses. In
addition, 330 individuals (0.8%; 85 and
245 with pretreatment SBP of 130–139
and $140 mmHg, respectively) died
within 2 years of treatment initia-
tion and were also excluded from
the analyses.

Associations With ASCVD Events
In preliminary analyses, we found
that pretreatment SBP and SBP achieved
after 2 years of treatment were both
associatedwith composite ASCVDevents
(Supplementary Tables 4–6). The ad-
justed hazard ratio (HR) of ASCVD events
was 1.10 (95% CI 1.02, 1.19) for individ-
uals who initiated therapy when SBP
was $140 mmHg compared with those
who initiated therapy when SBP was
130–139 mmHg (Supplementary Table
5). The adjusted HRs (95% CIs) of ASCVD
events were 0.90 (0.76, 1.06), 1.03 (0.93,
1.14), 1.24 (1.13, 1.37), and 1.57 (1.34,
1.85) for individual who achieved on-
treatment SBP of 100–119, 130–139,
140–159, and$160mmHg, respectively,
relative to those with on-treatment SBP
of 120–129 mmHg (Supplementary
Table 6).

In the primary analysis of the com-
bination of threshold for treatment
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initiation and on-treatment SBP, the
lowest adjusted incidence rates of ASCVD
events and highest ASCVD event-free
survival were observed for individuals
who achieved an on-treatment SBP level
of 100–119 mmHg (adjusted incidence
rate 7.8 [95% CI 5.4, 11.4] events/1,000-
person-years and 7.6 [6.2, 9.4] events/
1,000 person-years for those who

initiated treatment when SBP was
130–139 and $140 mmHg, respectively)
(Table 2 and Fig. 1A), and were similar in
those who initiated treatment when SBP
was 130–139 mmHg and achieved
on-treatment SBP of 120–129 mmHg
(referent; adjusted incidence rate 7.9
[6.5, 9.7] events/1,000person-years). Rel-
ative to the reference group, the risk of

ASCVD events was higher for individuals
who initiated treatment when SBP
was 130–139 mmHg and achieved
on-treatment SBP of 130–139 mmHg (in-
cidence rate difference [IRD] 1.9 [95% CI
0.6, 3.2] events/1,000 person-years) or
140–159 mmHg (IRD 4.5 [2.9, 6.1] events/
1,000 person-years) and for those who
initiated treatment when SBP was$140
mmHg and achieved an on-treatment
SBP of 120–129 mmHg (IRD 1.0 [20.2,
2.1] events/1,000 person-years), 130–
139 mmHg (IRD 1.1 [0.04, 2.2] events/
1,000 person-years), or 140–159 mmHg
(IRD 3.2 [2.1, 4.3] events/1,000 person-
years) (Table 2). Relative to achieving
an SBP of 120–129mmHg, achieving on-
treatment SBP $130 mmHg was asso-
ciated with higher incidence of ASCVD
events in individuals who initiated
treatment when SBP was 130–139
mmHg and when SBP was $140 mmHg
(Table 2).

The pattern of results was similar in
multivariable Cox proportional hazards
models but not all of the contrasts
achieved statistical significance (Fig.
1B). Relative to treatment initiation
when SBP was 130–139 mmHg and
on-treatment SBP of 120–129 mmHg,
the hazard of ASCVD events was higher
for individuals who initiated treatment
when SBP was 130–139 mmHg or when
SBP was$140 mmHg and achieved on-
treatment SBP of 140–159 mmHg (Fig.
1B). The associations of pretreatment
and on-treatment SBP with ASCVD
events in analyses limited to individuals
aged 55–65 years at baseline were
similar to the full population, although
the CIs were wide owing to reduced
sample size (Supplementary Tables 7
and 8).

Associations With Mortality
Cardiovascular diseases and cancer
were the two most common causes
of death in the study population, irre-
spective of on-treatment SBP achieved
(Supplementary Table 9). As with the
ASCVD event outcome, we found in
preliminary analyses that the pretreat-
ment SBP and the SBP achieved after
2 years of treatment were both asso-
ciated with cardiovascular and all-
cause mortality (Supplementary Tables
5 and 6). The adjusted HR of cardiovas-
cular mortality was 1.25 (95% CI 1.10,
1.43) and of all-cause mortality was
1.15 (95% CI 1.08, 1.24) for individuals

Table 1—Study participant characteristics

All participants

SBP at treatment initiation

P value
130–139 mmHg $140 mmHg

(N = 43,986) (n = 14,064) (n = 29,922)

Age (years) 61.5 6 10.4 59.5 6 10.6 62.4 6 10.2 ,0.001

Male 42,906 (97.5) 13,638 (97) 29,268 (97.8) ,0.001

Race ,0.001
Black or African American 7,161 (16.3) 2,526 (18) 4,635 (15.5)
White 35,401 (80.5) 11,066 (78.7) 24,335 (81.3)
Other 1,424 (3.2) 472 (3.4) 952 (3.2)

Ethnicity ,0.001
Hispanic or Latino 3,183 (7.2) 1,220 (8.7) 1,963 (6.6)
Not Hispanic or unknown 40,803 (92.8) 12,844 (91.3) 27,959 (93.4)

CVD at baseline 9,797 (22.3) 2,962 (21.1) 6,835 (22.8) ,0.001

Cancer at baseline 10,001 (22.7) 3,866 (27.5) 6,135 (20.5) ,0.001

Mental health disease at
baseline 6,827 (15.5) 3,031 (21.6) 3,796 (12.7) ,0.001

Kidney disease at baseline 339 (0.8) 52 (0.4) 287 (1) ,0.001

Smoking status ,0.001
Current 8,621 (18.3) 3,088 (22) 4,903 (16.4)
Former 29,174 (61.8) 8,146 (57.9) 19,015 (63.5)
Never 9,426 (20) 2,830 (20.1) 6,004 (20.1)

BMI (kg/m2) 31.8 6 6 31.6 6 5.8 31.9 6 6.1 ,0.001

HbA1c (%) 7.5 6 1.7 7.5 6 1.8 7.6 6 1.7 ,0.001

HbA1c (mmol/mol) 58 6 13 58 6 14 60 6 13

Glucose (mg/dL) 158.2 6 65.2 155.9 6 65.3 159.3 6 65.2 ,0.001

Diabetes medications 0.01
None 8,224 (17.4) 2,404 (17.1) 5,219 (17.4)
Regimens with insulin 9,767 (20.7) 2,991 (21.3) 6,000 (20.1)
Regimens without insulin 29,230 (61.9) 8,669 (61.6) 18,703 (62.5)

Total cholesterol (mg/dL) 186.6 6 44 183.5 6 42.9 188.1 6 44.4 ,0.001

HDL cholesterol (mg/dL) 41.5 6 11.6 41.1 6 11.5 41.7 6 11.6 ,0.001

LDL cholesterol (mg/dL) 109.9 6 35.7 107.3 6 34.5 111.1 6 36.1 ,0.001

Triglyceride (mg/dL) 192.4 6 177.3 191.7 6 187.9 192.8 6 172.1 0.53

Lipid medications 30,847 (70.1) 9,890 (70.3) 20,957 (70) 0.55

eGFR (mL/min/1.73 m2) 81.3 6 18.8 83.9 6 18.2 80 6 19 ,0.001

Elixhauser score 22.8 6 5.9 23.4 6 6.6 22.5 6 5.5 ,0.001

SBP (mmHg) 146.4 6 12 135 6 2.8 151.7 6 10.9 ,0.001

DBP (mmHg) 80.6 6 8.5 77.6 6 6.9 82 6 8.8 ,0.001

BP medications, n 1 (1, 2) 1 (1, 2) 1 (1, 2) ,0.001

Antihypertensive class
ACEi/ARB 27,126 (61.7) 8,338 (59.3) 18,788 (62.8) ,0.001
CCB 6,668 (15.2) 970 (6.9) 5,698 (19) ,0.001
BB 10,261 (23.3) 2,463 (17.5) 7,798 (26.1) ,0.001
Diuretic 11,013 (25) 2,191 (15.6) 8,822 (29.5) ,0.001

Follow-up time (years) 9.3 6 1.9 9.2 6 1.8 9.3 6 2.0 ,0.001

Data are presented as n (%), mean 6 SD, or median (interquartile range). CVD, cardiovascular
disease; DBP, diastolic blood pressure.
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who initiated therapy when SBP was
$140 mmHg compared with those
who initiated therapy when SBP
was 130–139 mmHg (Supplementary
Table 5).
In the primary analysis of the combi-

nation of threshold for treatment initi-
ation and on-treatment SBP, the lowest
adjusted incidence rate and highest sur-
vival probability from cardiovascular
mortality was observed for individuals
who were started on antihypertensive
treatment when SBP was 130–139 mmHg
and achieved an on-treatment SBP of
130–139mmHg, but cardiovascular mor-
tality was nearly indistinguishable from
those who initiated treatment when SBP
was 130–139 mmHg and achieved an
on-treatment SBP of 120–129 mmHg
(referent) (Table 2 and Fig. 2A). Relative
to the reference group, the risk of car-
diovascular mortality was higher for

individuals who initiated treatment
when SBP was$140mmHg, irrespective
of the SBP level achieved on treatment
(Table 2). For each level of on-treatment
SBP $120 mmHg, the incidence rate
and HR for cardiovascular mortality were
higher among those who initiated treat-
ment at SBP $140 mmHg than among
those who initiated treatment at SBP
130–139 mmHg (Table 2 and Fig. 2C).
However, the 95% CI for the HR for
cardiovascular mortality failed to cross
the null only among those who initiated
treatment when SBP was $140 mmHg
and achieved on-treatment SBP of 140–
159 mmHg, relative to the reference
group (HR of cardiovascular mortality
1.42 [95% CI 1.02, 1.98]) (Fig. 2C).

For all-cause mortality, the lowest
adjusted incidence rate and highest sur-
vival probability during follow-up was
observed for individuals who were

started on antihypertensive treatment
when SBP was 130–139 mmHg and
achieved an on-treatment SBP of 130–
139 mmHg (Table 2 and Fig. 2B). Rela-
tive to those who initiated treatment
when SBP was 130–139 mmHg and
achieved on-treatment SBP of 120–
129mmHg (referent), all-causemortality
was higher in individuals who initiated
treatment when SBP was $140 mmHg
and achieved on treatment SBP of 100–
119 or 120–129 mmHg (HRs of all-cause
mortality 1.29 [95% CI 1.04, 1.60] and
1.20 [1.00, 1.44] for achieving SBP 100–
119 and 120–129 mmHg, respectively)
(Table 2 and Fig. 2C). For each level of
on-treatment SBP, the incidence rate and
HR for all-cause mortality were higher
among those who initiated treatment at
SBP $140 mmHg than among those
who initiated treatment at SBP 130–
139 mmHg (Table 2 and Fig. 2C), but
the 95% CIs did not always exclude the
null.

CONCLUSIONS

In this retrospective cohort study set in
the largest integrated health care system
in the U.S., we found that patients with
diabetes who were initiated on antihyper-
tensive therapy when SBP was 130–
139 mmHg had similar rates of ASCVD
events but lower cardiovascular and all-
cause mortality compared with individuals
who began antihypertensive treatment
when SBP was $140 mmHg. Further-
more, the patterns of early BP treatment
observed in our data were associated
with long-term clinical outcomes over a
mean follow-up of 9 yearsda much
longer follow-up time than recent
hypertension treatment trials. The
on-treatment SBP at which we observed
the lowest rate of outcomes depended
on the threshold at which treatment was
initiated and differed across outcomes.
Lower ASCVD incidence, the primary
outcome of this study, was observed
in those who achieved on-treatment
SBP of ,130 mmHg than in those
who achieved higher on-treatment SBP
levels in individuals who began BP treat-
ment when SBP was 130–139 mmHg and
when SBP was $140 mmHg. In contrast,
achieving on-treatment SBP of 130–139
was associated with the lowest all-cause
mortality outcomes in individuals who
initiated treatment when SBP was 130–
139 mmHg and when SBP was $140

Table 2—Association of early BP treatment pattern, ASCVD events, and
cardiovascular and all-cause mortality

SBP at treatment
initiation (mmHg)

On-treatment
SBP (mmHg)

Unadjusted
incidence rate
(95% CI)*

Adjusted
incidence rate
(95% CI)*†

Adjusted IRD
(95% CI)*†

ASCVD
130–139 100–119 7.2 (5.2, 9.9) 7.8 (5.4, 11.4) 20.1 (22.0, 2.0)

120–129 7.2 (6.0, 8.6) 7.9 (6.5, 9.7) Reference
130–139 9.0 (7.9, 10.3) 9.8 (8.6, 11.3) 1.9 (0.6, 3.2)
140–159 12.4 (10.7, 14.4) 12.4 (10.7, 14.3) 4.5 (2.9, 6.1)

$140 100–119 7.3 (5.9, 8.9) 7.6 (6.2, 9.4) 20.3 (21.8, 1.1)
120–129 8.6 (7.7, 9.5) 8.9 (8.1, 9.9) 1.0 (20.2, 2.1)
130–139 8.9 (8.3, 9.5) 9.1 (8.5, 9.8) 1.1 (0.04, 2.2)
140–159 11.9 (11.2, 12.6) 11.2 (10.5, 11.9) 3.2 (2.1, 4.3)

CVD mortality
130–139 100–119 3.5 (2.2, 5.5) 4.2 (2.6, 6.7) 1.4 (0.5, 2.4)

120–129 2.3 (1.7, 3.1) 2.8 (2.0, 3.9) Reference
130–139 2.4 (1.8, 3.0) 2.7 (2.1, 3.6) 20.06 (20.6, 0.5)
140–159 3.2 (2.4, 4.2) 3.1 (2.3, 4.1) 0.3 (20.3, 0.9)

$140 100–119 3.6 (2.8, 4.8) 3.7 (2.8, 4.9) 0.9 (0.2, 1.5)
120–129 3.2 (2.7, 3.7) 3.6 (3.0, 4.2) 0.8 (0.3, 1.2)
130–139 3.6 (3.2, 4.0) 3.7 (3.3, 4.1) 0.9 (0.4, 1.3)
140–159 4.8 (4.3, 5.2) 4.1 (3.7, 4.5) 1.3 (0.8, 1.7)

All-causemortality
130–139 100–119 12.1 (9.5, 15.4) 14.4 (11.2, 18.5) 2.8 (0.08, 5.7)

120–129 8.9 (7.7, 10.4) 11.6 (9.9, 13.7) Reference
130–139 9.0 (7.9, 10.2) 10.5 (9.2, 12.0) 21.1 (22.7, 0.5)
140–159 11.9 (10.3, 13.7) 11.7 (10.1, 13.5) 0.1 (21.7, 1.9)

$140 100–119 15.4 (13.5, 17.6) 15.1 (13.2, 17.3) 3.5 (1.5, 5.5)
120–129 12.8 (11.8, 13.8) 14.1 (13.0, 15.3) 2.5 (1.0, 4.0)
130–139 12.0 (11.3, 12.7) 12.3 (11.6, 13.1) 0.7 (20.7, 2.0)
140–159 14.9 (14.2, 15.7) 13.1 (12.4, 13.8) 1.5 (0.05, 2.8)

CVD, cardiovascular disease. *Incidence rates and IRDs in events/1,000 person-years. †Adjusted
models included age, sex, race, ethnicity, non-HDL cholesterol, BMI, smoking status, outpatient
diabetesmedications (categorizedas none,drug regimenswithout insulin, anddrug regimenswith
insulin), baseline HbA1c, renal function expressed as the eGFR calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation, Elixhauser comorbidity index score, and time-
varying renal function, time-varying HbA1c, and time-varying Elixhauser comorbidity index score
during the first 2 years on antihypertensive treatment.
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mmHg. In sum, earlier initiation of
antihypertensive therapy, that is, at
an SBP threshold of 130–139 mmHg,
was associated with better outcomes
in patients with diabetes receiving rou-
tine clinical care in a national U.S. health
care system. However, the reduction in
ASCVD events observed with intensive
SBP lowering, that is, to ,130 mmHg,
may have to be balanced against in-
creased mortality risk. Our results high-
light the complexity of BP management

for patients with diabetes faced by
clinical providers.

By focusing on new initiators of BP
treatment, our study was designed to
address associations between the pat-
tern of early hypertension care and clin-
ical outcomes, an important dimension
not evaluated by recent BP treatment
trials. In the normotensive subgroup of
the Appropriate Blood Pressure Control
in Diabetes (ABCD) Trial, individuals ran-
domized to intensive BP control (mean

on-treatment SBP of 128 mmHg) had a
lower risk of stroke (but not all
ASCVD events) than those random-
ized to moderate BP control (mean
on-treatment SBP of 137 mmHg) (17).
In the hypertensive subgroup of the
ABCD trial, individuals randomized to in-
tensive BP control (mean on-treatment
SBP of 132 mmHg) had lower all-cause
mortality than those randomized to mod-
erate BP control (mean on-treatment
SBP of 138 mmHg) (18). In the Action in
Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evalua-
tion (ADVANCE) randomized trial, patients
with diabetes treated with perindopril-
indapamide had mean reduction of SBP
of 5.6 mmHg compared with those treated
with placebo and had a lower rate of
macro- and microvascular events, ir-
respective of baseline SBP (,140 vs.
$140 mmHg) (19). In contrast, a sec-
ondary analysis of the Ongoing
Telmisartan Alone and in Combination
with Ramipril Global Endpoint Trial
(ONTARGET) randomized trial concluded
that the relationship between SBP reduc-
tion and ASCVD outcomes was observed
only in individuals with a baseline SBP of
143–155 mmHg (20). In the same study,
the lowest incidence of myocardial
infarction, cardiovascular mortality, or
a composite ASCVD outcome occurred
in individuals who achieved an SBP be-
tween 120 and 130 mmHg (20). However,
none of the prior trials specifically ad-
dressed through randomization the
threshold at which treatment is initiated.

Although not a randomized trial, our
study provides observational data from
routine clinical care in a national health
system and demonstrates that individ-
uals with diabetes who initiated anti-
hypertensive therapy when SBP was
130–139 mmHg had similar rates of
ASCVD events and lower mortality rates
than those who began treatment when
SBP was$140 mmHg. Prior analyses of
trial data have suggested that the re-
lationship between BP lowering and
stroke may differ from other ASCVD events
(5,20–23). Unfortunately, we did not
have enough stroke events in our data
to analyze with sufficient power whether
our results were driven by a beneficial
association between early initiation of
BP treatment and stroke. Though prior
randomized trials and meta-analyses in
patients with diabetes have not found
that reducing SBP to ,130 mmHg is

Figure 1—Association between early BP treatment pattern and ASCVD events in individuals with
diabetes and hypertension. A: Adjusted event-free survival probability of ASCVD events during
follow-up across eight BP treatment combinations based on two possible pretreatment SBP levels
(130–139mmHg in blue and$140mmHg in red) and four possible on-treatment SBP levels (100–
119, 120–129, 130–139, and 140–159 mmHg). B: Adjusted HRs for ASCVD events from multivari-
able Cox proportional hazards models across eight combinations of pretreatment and
on-treatment SBP, with individuals initiating treatment after an SBP measurement of 130–
139 mmHg and achieving on-treatment SBP of 120–129 mmHg as the reference group.
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associated with statistically significant
improvements in macrovascular out-
comes when treatment was started
when SBP was $140 (5,19,20,22,24),
our results suggest fewer ASCVD events
but higher cardiovascular mortality in
individuals who achieved on-treatment
SBP of 100–119 mmHg, though with
wide CIs owing to the analytic approach
and sample size.

Our observation of a higher incidence
of cardiovascular and all-cause mortal-
ity in individuals who achieved an
on-treatment SBP of 100–119 mmHg
is similar to the findings of several prior
observational studies (25–28) but not all
(22,29). Our findings are also consistent
with a series of studies using regional
data from the U.S. that observed U-
shaped associations between SBP and
cardiovascular outcomes (coronary
heart disease, stroke, and heart failure)
among individuals with diabetes (30–32).
While the excess mortality observed
in individuals with an on-treatment
SBP ,120 mmHg did not consistently
achieve statistical significance in our
study, the consistent observation of
this association across numerous other
studies suggests that lower SBP than
intended on treatment may be an in-
dicator of poor prognosis.

Our study has several limitations. First,
as an observational study, we cannot
prove causality between hypertension
treatment and clinical outcomes. Specif-
ically, we cannot exclude unmeasured
confounding related to provider and
patient factors that determined both
the BP at which antihypertensive therapy
was initiated and the BP achieved within
2 years of treatment. Second, by censor-
ing individuals who did not survive for
2 years on antihypertensive treatment,
we may be inducing selection bias, but
this represented ,1% of the study pop-
ulation. Third, we limited the study pop-
ulation to individuals newly initiated
on hypertension treatment to minimize
confounding, so the interpretation of our
results should be limited to treatment-
naive individuals with hypertension and
diabetes who are newly initiating anti-
hypertensive therapy. Fourth, there
were several limitations inherent to
the data available: 1) we lacked infor-
mation on adverse events related to
treatment; 2) pretreatment SBP was
based on a single clinical measure-
ment, making that variable susceptible

Figure 2—Association between early BP treatment pattern and mortality in individuals with
diabetes and hypertension. Adjusted survival probability of cardiovascular mortality (A) and all-
cause mortality (B) during follow-up across eight BP treatment combinations based on two
possible pretreatment SBP levels (130–139 mmHg in blue and $140 mmHg in red) and four
possible on-treatment SBP levels (100–119, 120–129, 130–139, and 140–159 mmHg). CVD,
cardiovascular disease. C: Adjusted HRs for mortality frommultivariable Cox proportional hazards
models across eight combinations of pretreatment and on-treatment SBP, with individuals
initiating treatment after an SBP measurement of 130–139 mmHg and achieving on-treatment
SBP of 120–129 mmHg as the reference group.
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to misclassification; 3) BP measurements
were based on routine clinic measure-
ments rather than a standardized protocol,
although a single-site VA study found min-
imal differences between measurement
methods (33); 4) cause of death was based
on the National Death Index and not adju-
dicated (8); and 5) there were too few
stroke events in our data to analyze
stroke as an outcome independently
from the composite ASCVD outcome.
Finally, care in the VA may not gener-
alize to individuals receiving care out-
side the VA. A recent study found that
VA facilities meet outpatient quality
measures related to diabetes, hyper-
tension, and cardiovascular disease
care at a higher rate than non-VA facilities
(34). Moreover, nearly the entire study
population was male, limiting general-
izability to women.
In conclusion, we report better clinical

outcomes among individuals with diabe-
tes started on antihypertensive therapy
when SBP was 130–139 mmHg rather
than $140 mmHg. While this result
supports the ACC/AHA 2017 guidelines
for antihypertensive treatment initia-
tion in patients with diabetes, the bene-
fits of lower ASCVD incidence associated
with achieving on-treatment SBP,130
mmHg were mitigated by higher all-
cause mortality, especially for individuals
who initiate therapy only after SBP ex-
ceeds 140 mmHg. Given the concerns for
adverse events related to hyperten-
sion overtreatment with advancing age
(35–37), our results suggest that BP man-
agement early after hypertension diagno-
sis when treatments are better tolerated
may have durable long-term effects on
ASCVD. We conclude that our results
provide further motivation for random-
ized clinical trials that explicitly address
the threshold for hypertension treat-
ment initiation, that consider more gran-
ular stratification of SBP targeted by
treatment, and that use adaptive designs
that acknowledge the heterogeneity of
risks and benefits from BP treatment
across the diverse population of patients
with diabetes and hypertension.
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