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THE 1984 REPORT OF THE JOINT

National Committee on Pre-
vention, Detection, Evalua-
tion, and Treatment of High

Blood Pressure recognized that pa-
tients with diabetes mellitus repre-
sented a special population.1 In 1993,
the fifth report of the Joint National
Committee recommended that the
treatment goal for patients with diabe-
tes should reduce blood pressure (BP)
to less than 130/85 mm Hg.2 This lower
goal was based primarily on data from
the 1501-patient cohort with diabetes
enrolled in the Hypertension Optimal
Treatment (HOT) trial,3 which sug-
gested reduced cardiovascular out-
comes for 501 patients assigned to a dia-
stolic treatment goal of less than 80
mm Hg compared with those assigned
to treatment goals that allowed for
higher BP. Data from the United
Kingdom Prospective Diabetes Study
(UKPDS) group4,5 showed that pa-
tients with diabetes and hypertension
assigned to a tight BP goal group had
reduced macrovascular and microvas-
cular outcomes. In 2002, the Ameri-
can Diabetes Association recom-
mended that the BP treatment goal for
patients with diabetes should be less

than 130/80 mm Hg, which it reaf-
firmed in 2010.6-8

In keeping with epidemiological data
suggesting that there is no evidence of
a threshold on adverse outcomes for BP

Author Affiliations are listed at the end of this article.
Corresponding Author: Rhonda M. Cooper-DeHoff,
PharmD, MS, Department of Pharmacotherapy and
Translational Research and Division of Cardiovascu-
lar Medicine, University of Florida, 1600 SW Archer
Rd, PO Box 100486, Gainesville, FL 32610-0486
(dehoff@cop.ufl.edu).

Context Hypertension guidelines advocate treating systolic blood pressure (BP) to
less than 130 mm Hg for patients with diabetes mellitus; however, data are lacking
for the growing population who also have coronary artery disease (CAD).

Objective To determine the association of systolic BP control achieved and adverse
cardiovascular outcomes in a cohort of patients with diabetes and CAD.

Design, Setting, and Patients Observational subgroup analysis of 6400 of the
22 576 participants in the International Verapamil SR-Trandolapril Study (INVEST). For
this analysis, participants were at least 50 years old and had diabetes and CAD. Par-
ticipants were recruited between September 1997 and December 2000 from 862 sites
in 14 countries and were followed up through March 2003 with an extended fol-
low-up through August 2008 through the National Death Index for US participants.

Intervention Patients received first-line treatment of either a calcium antagonist or
�-blocker followed by angiotensin-converting enzyme inhibitor, a diuretic, or both to
achieve systolic BP of less than 130 and diastolic BP of less than 85 mm Hg. Patients
were categorized as having tight control if they could maintain their systolic BP at less
than 130 mm Hg; usual control if it ranged from 130 mm Hg to less than 140 mm Hg;
and uncontrolled if it was 140 mm Hg or higher.

Main Outcome Measures Adverse cardiovascular outcomes, including the pri-
mary outcomes which was the first occurrence of all-cause death, nonfatal myocar-
dial infarction, or nonfatal stroke.

Results During 16 893 patient-years of follow-up, 286 patients (12.7%) who main-
tained tight control, 249 (12.6%) who had usual control, and 431 (19.8%) who had
uncontrolled systolic BP experienced a primary outcome event. Patients in the usual-
control group had a cardiovascular event rate of 12.6% vs a 19.8% event rate for
those in the uncontrolled group (adjusted hazard ratio [HR], 1.46; 95% confidence
interval [CI], 1.25-1.71; P� .001). However, little difference existed between those
with usual control and those with tight control. Their respective event rates were 12.6%
vs 12.7% (adjusted HR, 1.11; 95% CI, 0.93-1.32; P=.24). The all-cause mortality rate
was 11.0% in the tight-control group vs 10.2% in the usual-control group (adjusted
HR, 1.20; 95% CI, 0.99-1.45; P=.06); however, when extended follow-up was in-
cluded, risk of all-cause mortality was 22.8% in the tight control vs 21.8% in the usual
control group (adjusted HR, 1.15; 95% CI, 1.01-1.32; P=.04).

Conclusion Tight control of systolic BP among patients with diabetes and CAD was
not associated with improved cardiovascular outcomes compared with usual control.

Trial Registration clinicaltrials.gov Identifier: NCT00133692
JAMA. 2010;304(1):61-68 www.jama.com
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to approximately 115/75 mm Hg,9 the
American Diabetes Association con-
cluded that “there is no threshold value
for BP, and risk continues to decrease
well into the normal range.”10 In 2003,
the seventh report of the Joint Na-
tional Committee11 and guidelines from
many other national and international
societies12 confirmed the lower BP treat-
ment goal of less than 130/80 mm Hg
for patients with diabetes, and in 2007
the American Heart Association Scien-
tific Statement recommended that this
lower BP treatment goal be expanded
to include patients with coronary ar-
tery disease (CAD), stable or unstable
angina, and myocardial infarction with
or without ST elevation.13

A recent study involving patients
without diabetes but who had hyper-
tension reported that patients ran-
domly assigned to a tight-control BP
(systolic BP �130 mm Hg) treatment
group had a significantly lower preva-
lence of left ventricular hypertrophy, an
intermediate outcome known to be a
strong predictor of cardiovascular out-
comes, and had a significantly reduced
risk of a secondary outcome, which
included cardiovascular morbidity or
all-cause mortality.14 However, other
studies15-18 involving patients with
hypertension and CAD reported a
J-shaped relationship between BP and
cardiovascular morbidity and mortal-
ity, which has been attributed primar-
ily to associated health conditions and
not to specific antihypertensive treat-
ment. Importantly, among patients with
diabetes, hypertension, and CAD, we
reported a significant increase in car-
diovascular risk among those who
achieved a systolic BP of 110 mm Hg
or lower,19 questioning the notion that
there is no threshold for BP lowering
recently espoused by the American Dia-
betesAssociation,AmericanHeartAsso-
ciation, and others.

Data from the HOT trial3 were used
to support the current recommenda-
tion for a lower diastolic BP goal for pa-
tients with diabetes. However, there are
limited data about patients with diabe-
tes to support such a recommenda-
tion for lower systolic BP,11,20 particu-

larly in the growing population of those
with CAD.8 Accordingly, we investi-
gated systolic BP achieved and cardio-
vascular outcomes among partici-
pants in the International Verapamil
SR-Trandolapril Study (INVEST) who
had hypertension, diabetes, and CAD.
Based on current guideline recommen-
dations, we hypothesized that patients
with diabetes who achieved systolic BP
of less than 130 mm Hg would have re-
duced risk of cardiovascular events
compared with those who managed to
keep their systolic BP within the range
of at least 130 mm Hg to less than 140
mm Hg.

METHODS
Study Design

This is an observational, secondary
analysis derived from INVEST, which
was a prospective, randomized trial
comparing clinical outcomes of 22 576
patients with hypertension and CAD
enrolled between September and
December 2000 and followed up
through March of 2003. Inclusion
and exclusion criteria, study design
details, and full results have been pub-
lished.21,22 Briefly, after undergoing an
extensive cardiovascular history and
physical examination, clinically stable
patients were randomly assigned to
receive either a calcium antagonist–
based or �-blocker–based antihyper-
tensive treatment strategy. The calcium
antagonist–based strategy consisted of
initiation with verapamil sustained
release, followed by the addition of the
angiotensin-converting enzyme inhibi-
tor trandolapril as second-line therapy
and hydrochlorothiazide added as third-
line therapy. The �-blocker–based
strategyconsistedof initiationwithaten-
olol, followed by the addition of hydro-
chlorothiazide as second-line therapy,
and the addition of trandolapril as third-
line therapy. For patients with diabe-
tes at the time of enrollment, trandol-
april was recommended as part of initial
therapy, regardless of treatment strat-
egy assignment. Patients were evalu-
ated every 6 weeks for the first 6 months
and then biannually for at least 2 years
to assess BP, adherence to medication,

and adverse cardiovascular outcomes.
The protocol was conducted in accor-
dance with principles outlined in the
Declaration of Helsinki, and institu-
tional review boards and ethics com-
mittees at participating sites approved
the protocol. Patients provided writ-
ten informed consent. Overall, the strat-
egies were equivalent in preventing all-
cause death, nonfatal myocardial
infarction, or nonfatal stroke. The pri-
mary outcome was the first occur-
rence of all-cause death, nonfatal myo-
cardial infarction, or nonfatal stroke.
The secondary outcomes included all-
cause death, nonfatal MI, and nonfatal
stroke individually.22

A total of 6400 patients (28%) had
diabetes at baseline (defined by a his-
tory of physician-diagnosed diabetes, use
of oral hypoglycemic medication or in-
sulin, or both). Because race/ethnicity is
known to influence cardiovascular out-
comes, data were collected to charac-
terize race/ethnicity based on patient re-
port with interaction by site investigator,
choosing all that were applicable among
the following options: white, black,
Asian, Hispanic, or other. We have pre-
viously published the characteristics and
outcomes concerning this cohort ac-
cording to treatment strategy and found
no significant differences comparing the
2 treatment strategies.19 The current
analysis was designed to investigate the
effects of systolic BP achieved on risk of
cardiovascular events in the cohort with
diabetes during protocol-specified fol-
low-up. To further assess the long-
term cumulative effect on all-cause mor-
tality, we searched the National Death
Index for patients with diabetes who
were enrolled in participating US sites
up to 5 years after study follow-up. To
be considered a confirmed death, we re-
quired 4 of 5 matches among the fol-
lowing: name, Social Security number,
date of birth, city, and state.

Statistical Analysis

Patients were categorized into 3 groups
by their average systolic BP while
taking study medication: tight control,
less than 130 mm Hg; usual control, 130
mm Hg to less than 140 mm Hg; or un-
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controlled, 140 mm Hg or higher. Base-
line characteristics of these 3 BP groups
were compared using analysis of vari-
ance for continuous variables and the
�2 test for categorical variables. Aver-
age systolic BP was calculated for each
patient using all but their baseline BP
measurements until they died, experi-
enced nonfatal myocardial infarction or
nonfatal stroke, or were censored. All pa-
tients had at least 1 available BP mea-
surement. For analyses performed dur-
ing follow-up, patients who did not
experience any component of the pri-
mary outcome were censored at the last
study visit. For the extended follow-up
analysis, patients who did not appear in
the National Death Index were cen-
sored on the day the death index search
was completed. Outcomes were as-
sessed with Kaplan-Meier plots, and a
stepwise Cox proportional hazard re-
gression model was used to evaluate the
role of systolic BP on risk of the pri-
mary outcome with the usual-control
group as the reference. To better under-
stand risk of very low systolic BP among
patients in the tight-control group, we
further categorized systolic BP of less
than 130 mm Hg in 5-mm Hg seg-
ments. A stepwise Cox proportional haz-
ard regression model was used to esti-
mate hazard ratios (HRs) with 95%
confidence intervals (CIs) for risk of all-
cause mortality (125 mm Hg to �130
mm Hg as the reference). Prespecified
covariates forced into the models in-
cluded treatment strategy, age in de-
cades, race/ethnicity, sex, history of prior
myocardial infarction, and heart fail-
ure. Other baseline covariates were se-
lected for entry in the model on the ba-
sis of a P value of .20 or less and were
retained in the model for a P value of .05
or less. To test the validity of the find-
ings, several sensitivity analyses were
performed, including removal of pa-
tients with heart failure, removal of BP
measurements obtained during the first
6 months of the study, evaluation of out-
comes at the 6-month and 1-year time
points, and inclusion of terms for base-
line systolic BP and change in systolic
BP in a Cox proportional hazard regres-
sion model.

The overall significance level for the
study was P� .05 using a 2-sided test.
At an � level of .05, there was greater
than 80% power to detect an HR of 1.12
or greater. All analyses were per-
formed using SAS version 9.2 (SAS In-
stitute Inc, Cary, North Carolina).

RESULTS
Baseline Characteristics
and BP Control

Of the 22 576 INVEST participants,
6400 had diabetes at the time of enroll-
ment. Their mean age was 66 years,
54% were women, and they had a mean

body mass index of 30, calculated as
weight in kilograms divided by height
in meters squared (TABLE 1). Patients
were followed up over a total of 16 893
patient-years, and 35.2% were ob-
served to have tight control; 30.8%,
usual control; and 34%, uncontrolled
systolic BP.

Analysis According to BP Achieved

In accordance with our previous analy-
sis,19 there was no difference compar-
ing treatment strategies with regard to
BP lowering in any of the groups. Mean
(SD) systolic BP reduction at 24 months

Table 1. Baseline Characteristics of Patients According to Systolic Blood Pressure While
Taking Medication

No. (%) of Patients,
Systolic Blood Pressure Control

P Value
Tight

(n = 2255)
Usual

(n = 1970)
Uncontrolled

(n = 2175)

Age, mean (SD), y 65 (9) 66 (9) 67 (9) �.001

�70 y 641 (28) 629 (32) 784 (36) �.001

BMI, mean (SD) 30 (6.0) 31 (6.0) 31 (6.0) �.001

Blood pressure, mean (SD), mm Hg
Systolic 144 (19) 149 (17) 159 (19) �.001

Diastolic 85 (12) 85 (12) 86 (12) �.001

Heart rate, mean (SD), beats/min 77 (10) 77 (9) 77 (10) .38

�-Blocker strategy 1129 (50) 996 (49) 1136 (52) .11

Women 1116 (49) 1065 (54) 1274 (59) �.001

Race/ethnicity
White 896 (40) 902 (46) 996 (46)

Black 210 (9.3) 299 (15) 490 (23)
�.001

Hispanic 1086 (48) 733 (37) 612 (28)

Other/multiracial 63 (2.8) 36 (2.0) 77 (3.5)

Prior MI 797 (35) 645 (33) 735 (34) .19

Prior stroke/TIA 184 (8.2) 168 (8.5) 236 (11) .004

LVH 596 (26) 437 (22) 522 (24) .004

Heart failure (New York Heart
Association class I-III)

199 (8.8) 134 (6.8) 188 (8.6) .03

PAD 424 (19) 326 (17) 366 (17) .10

Smoking history 1080 (48) 883 (45) 957 (44) .02

Renal impairmenta 79 (3.5) 47 (2.4) 108 (5.0) �.001

Hypercholesterolemiab 1413 (63) 1221 (62) 1318 (61) .34

Cancer 81 (3.6) 60 (3.1) 74 (3.4) .61

Medication use
Lipid lowering 989 (44) 846 (43) 856 (39) .006

Aspirin or other antiplatelet 1386 (61) 1150 (58) 1264 (58) .04

NSAID 442 (20) 398 (20) 414 (19) .64

Use of any antihypertensives 2052 (91) 1786 (91) 1957 (90) .50
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; LVH, left

ventricular hypertrophy; MI, myocardial infarction; NSAID, nonsteroidal anti-inflammatory drug; PAD, peripheral ar-
terial disease; TIA, transient ischemic attack.

aHistory of, or currently elevated serum creatinine level but less than 4 mg/dL (to convert from mg/dL to µmol/L, mul-
tiply by 88.4).

bHistory of, or currently taking lipid-lowering medications.
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was 22.5 (20.7) mm Hg in the tight-
control, 17.8 (20.8) mm Hg in the
usual-control, and 12.9 (26.4) mm Hg
in the uncontrolled groups.

Treatment

Mean daily doses for all 4 study drugs
were lowest in the tight-control group
(verapamil SR, 274 mg/d; atenolol, 69
mg/d; trandolapril, 3.4 mg/d; and hy-
drochlorothiazide, 28 mg/d) and high-
est in the uncontrolled group (vera-
pamil SR, 345 mg/d; atenolol, 96 mg/d;
trandolapril, 4.6 mg/d; and hydrochlo-
rothiazide, 33 mg/d). Half the patients

in the tight-control group were taking
3 or more antihypertensive drugs,
whereas more than two-thirds of pa-
tients in the usual-control and uncon-
trolled groups were taking 3 or more
antihypertensive agents. Importantly,
75% or more of patients in all 3 groups
were taking a renin angiotensin-
system blocking agent.

Primary and Secondary Outcomes

The primary outcome occurred in
12.7% of those in the tight-control
group (adjusted HR, 1.11; 95% CI,
0.93-1.32), 12.6% of the usual-control

group (reference), and 19.8% of the
uncontrolled groups (adjusted HR,
1.46; 95% CI, 1.25-1.71; P value for
trend, �.001). TABLE 2 summarizes
incidence and rate of the primary and
secondary outcomes by group. Sup-
porting our prior analysis,19 there was
no significant difference in occurrence
of the primary outcome in any of the
groups by treatment strategies using
the atenolol strategy as the reference.
The HR for the tight-control group
was 0.92 (95% CI, 0.73-1.16; P=.46);
for the usual-control group, 1.05
(95% CI, 0.82-1.35; P=.69); and for
the uncontrolled group, 1.14 (95%
CI, 0.94-1.38; P=.18).

The primary and secondary out-
comes, including nonfatal myocardial
infarction, nonfatal stroke, and all-
cause mortality, were significantly dif-
ferent comparing the 3 groups
(FIGURE 1 and FIGURE 2). For all-
cause mortality, there was a signifi-
cant increase in risk for the tight-
control group compared with the usual-
control group (log-rank P = .04;
Figure 2). After adjustment for base-
line differences, the risk remained el-
evated, although not statistically sig-
nificant (11.0% for the tight-control
group vs 10.2% for the usual-control
group; adjusted HR, 1.20; 95% CI, 0.99-
1.45; P=.06). The extended follow-up
analysis for all-cause mortality in the
US cohort showed that a total of 841
deaths had occurred in the 5 years im-
mediately following the close of

Figure 1. Cumulative Event Rate for Primary Outcome
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Primary outcomes are a composite of the first occurrence of all-cause death, nonfatal myocardial infarction, or
nonfatal stroke.

Table 2. Primary and Secondary Outcomes

Outcome

Systolic Blood Pressure Control

P
Valuea

Tight (n = 2255) Usual (n = 1970) Uncontrolled (n = 2175)

No. of
Events % (95% CI)

Total
Years of
Follow-

up

Event
Rate Per

100
Patient-
Years

No. of
Events % (95% CI)

Total
Years of
Follow-

up

Event
Rate Per

100
Patient-
Years

No. of
Events % (95% CI)

Total
Years of
Follow-

up

Event
Rate

Per 100
Patient-
Years

Primary outcomeb 286 12.7 (11.3-14.1) 5741 4.98 249 12.6 (11.2-14.1) 5339 4.66 431 19.8 (18.1-21.5) 5775 7.46 �.001

All-cause mortality 248 11.0 (9.7-12.3) 5811 4.27 201 10.2 (8.9-11.5) 5423 3.71 334 15.4 (13.8-16.9) 5975 5.59 �.001

Nonfatal MI 29 1.3 (0.8-1.8) 5782 0.5 33 1.7 (1.1-2.2) 5380 0.61 67 3.1 (2.4-3.8) 5866 1.14 .008

Nonfatal stroke 22 1.0 (0.6-1.4) 5786 0.38 26 1.3 (0.8-1.8) 5382 0.48 52 2.4 (1.7-3.0) 5875 0.89 .001

Total MI 108 4.8 (3.9-5.7) 5782 1.87 100 5.1 (4.1-6.0) 5380 1.86 185 8.5 (7.3-9.7) 5865 3.15 �.001

Total stroke 34 1.5 (1.0-2.0) 5786 0.59 33 1.7 (1.1-2.2) 5384 0.61 70 3.2 (2.5-4.0) 5875 1.19 �.001

Abbreviation: CI, confidence interval; MI, myocardial infarction.
aP value for comparison of event rate per 100 patient-years, between systolic blood pressure categories.
bPrimary outcome is defined as the first occurrence of all-cause death, nonfatal MI, or nonfatal stroke.
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INVEST. Two hundred forty-four pa-
tients died in the tight-control group;
248 in the usual control group; and 349
in the uncontrolled group. When evalu-
ating all-cause mortality for the entire
follow-up period, risk was not signifi-
cantly different comparing the tight-
and usual-control groups (log-rank
P = .06; Figure 2), but after adjust-
ment, risk of all-cause mortality was sig-
nificantly greater in the tight-control
group (22.8%) than in the usual-control
group (21.8%; adjusted HR, 1.15; 95%
CI, 1.01-1.32; P=.04).

All of the sensitivity analyses per-
formed confirmed our overall obser-
vation of no difference in risk of the
primary and all-cause mortality out-
comes comparing the tight- and
usual-control groups. After exclusion
of the 521 patients with heart failure
at baseline, the adjusted HR for the
primary outcome was 1.07 (95% CI,
0.89-1.29; P =.48); for all-cause mor-
tality, 1.17 (95% CI, 0.95-1.44;
P = .15). After excluding the first 6
months of BP measurements, when
BP was most variable, the adjusted HR

for the primary outcome was 1.16
(95% CI, 0.95-1.41; P=.16); for all-
cause mortality, 1.25 (95% CI, 1.00-
1.55; P =.05). Evaluation of outcomes
during the first 6 months of follow-up
resulted in an adjusted HR of 0.92
(95% CI, 0.58-1.45; P= .70) for the
primary outcome and 0.95 (95% CI,
0.56-1.60; P = .84) for the all-cause
mortality. Similarly, outcomes during
the first 12 months of follow-up
resulted in an adjusted HR of 1.08
(95% CI, 0.79-1.48, P= .61) for the
primary outcome and 1.17 (95% CI,

Figure 2. Cumulative Event Rates Overall and for the US Cohort for Extended Follow-up
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0.82-1.67; P = .40) for all-cause
mortality.

Compared with a systolic BP range
of 125 mm Hg to less than 130 mm Hg,
those with a systolic BP range of 110
mm Hg to less than 115 mm Hg had an
increased but not statistically signifi-
cant risk (adjusted HR, 1.63; 95% CI,
0.97-2.75; P=.06) and systolic BP of less
than 110 mm Hg was associated with
significantly increased risk (adjusted
HR, 2.18; 95% CI, 1.17-4.09; P=.02) of
all-cause mortality (FIGURE 3).

COMMENT
The goal of treating hypertension in pa-
tients with diabetes is to prevent asso-
ciated macrovascular and microvascu-
lar morbidity and mortality. Although
for almost 20 years guidelines have rec-
ommended lower BP goals in patients
with diabetes,2 there is a paucity of evi-
dence supporting this recommenda-
tion, particularly for lower systolic
BP.11,20 In this observational study, we
have shown for the first time, to our
knowledge, that decreasing systolic BP
to lower than 130 mm Hg in patients
with diabetes and CAD was not asso-
ciated with further reduction in mor-
bidity beyond that associated with sys-
tolic BP lower than 140 mm Hg, and,

in fact, was associated with an in-
crease in risk of all-cause mortality.
Moreover, the increased mortality risk
persisted over the long term.

The HOT study, which assigned par-
ticipants to 3 different diastolic BP goals,
showed that patients overall and those
assigned to the subgroup of patients with
diabetes who were assigned to the 80
mm Hg or less group had significantly
reduced adverse outcomes compared
with those assigned to higher diastolic
BP groups.3 However, although achieved
BPs were not reported for the diabetes
subgroup, overall, patients assigned to
the 80 mm Hg or lower diastolic BP
group actually achieved a mean (SD) BP
of 139.7 (11.7)/81.1 (5.3) mm Hg, and
only approximately 6% of the HOT
population had CAD at entry.3 The
UKPDS, which enrolled only patients
with diabetes, showed that patients as-
signed to the tight BP control group
(�150/85 mm Hg) actually achieved a
mean (SD) BP of 144 (14)/82 (7) mm Hg
over 9 years of follow-up, which was as-
sociated with a significant reduction in
microvascular and macrovascular
events.4 Although both of these land-
mark trials provided evidence to sup-
port benefits for the patients assigned to
lower BP goals, it is important to note
that on average, in neither trial was the
goal met, and the systolic BP associ-
ated with the benefit observed in these
trials was significantly higher than what
is currently recommended (~140 vs
�130 mm Hg) for patients with diabe-
tes.11 In fact, many of the major hyper-
tension clinical trials published in the last
decade have shown benefit with regard
to cardiovascular and nephropathy risk
reduction despite mean systolic BP
higher than 130 mm Hg.23

The Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) study24

randomized 4733 patients with hyper-
tension to antihypertensive therapy that
was considered either intensive (tar-
geting a systolic BP of �120 mm Hg)
or standard (targeting a systolic BP of
�140 mm Hg) and evaluated risk for
nonfatal myocardial infarction, nonfa-
tal stroke, or death from cardiovascu-
lar causes over a mean follow-up of 4.7

years. Unlike HOT and UKPDS for
which achieved BP exceeded the ran-
domized target BP, ACCORD after a
year of follow-up achieved a mean sys-
tolic BP in the intensive group of 119
mm Hg (95% CI, 118.9-119.7 mm Hg)
and 133.5 mm Hg (95% CI, 133.1-
133.8 mm Hg) in the standard group.
This provided the first opportunity in
a large randomized clinical trial to as-
sess effects of achieving lower systolic
BP in patients with diabetes. For the pri-
mary outcome, there was no differ-
ence comparing the intensive and stan-
dard therapy groups (HR, 0.88; 95% CI,
0.73-1.06; P=.20). Similarly, there was
no difference comparing the groups
with all-cause mortality and cardiovas-
cular mortality. There was, however, re-
duction in risk of total stroke and non-
fatal stroke observed in the intensive
therapy group, although the overall an-
nual stroke rate was very low (0.32%
in the intensive group and 0.53% in the
standard group). Importantly, the in-
tensive therapy group had signfi-
cantly higher rates of serious adverse
events attributed to antihypertensive
therapy.24

The ACCORD results are some-
what surprising, particularly in light of
the favorable results observed in UKPDS
with regard to lower BP targets. How-
ever, in ACCORD, patients had lower
systolic BP at baseline than was
achieved in UKPDS,4 suggesting the
benefit observed in the tight-control
group of UKPDS was likely based on re-
ducing systolic BP from a mean 160
mm Hg at baseline to 144 mm Hg, and
there is less benefit going from an av-
erage baseline systolic BP of 139 to 119
mm Hg as was observed in ACCORD.24

In the Appropriate Blood Pressure
Control in Diabetes (ABCD) trial,25 pa-
tients with diabetes were randomized
to intensive vs moderate BP control
groups. The mean BP achieved was
132/78 mm Hg in the intensive group
and 138/86 mm Hg in the moderate BP
control groups.25 The ABCD investiga-
tors found that after 5 years, no differ-
ence existed between the intensive and
moderate groups in the progression of
diabetic retinopathy or neuropathy.

Figure 3. Adjusted Risk of All-Cause
Mortality
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They also reported no difference in the
rate of myocardial infarction, cerebro-
vascular events, or heart failure com-
paring the BP control groups. How-
ever, unlike in the present study, the
ABCD participants in the intensive
group had a significant reduction in all-
cause mortality.25 This may be ex-
plained by ABCD patients being on av-
erage a decade younger than those in
our study and that only half had any his-
tory of cardiovascular disease; whereas
all INVEST participants had docu-
mented CAD and thus were a higher-
risk cohort and were more susceptible
to the adverse effects of lower BP. The
overall all-cause mortality rate in ABCD
was 8% compared with 12.2% in the
diabetes cohort of INVEST.

Results from the Irbesartan Dia-
betic Nephropathy Trial (IDNT) sug-
gested that after a mean follow-up of
2.6 years, in patients with diabetic ne-
phropathy, 60% of whom had a his-
tory of heart disease, achieving a sys-
tolic BP of 120 mm Hg or less was
associated with an increase in all-
cause mortality and cardiovascular mor-
tality risk compared with those achiev-
ing systolic BP higher than 120
mm Hg.26 The IDNT investigators con-
cluded that BP of 120/85 mm Hg or less
may be associated with an increase in
cardiovascular events.26 Although pa-
tients with creatinine levels of 4 mg/dL
(to convert to µmol/L, multiply by 88.4)
or more were excluded in INVEST,
many had a diagnosis of renal impair-
ment, and we observed a similar and
significant increased mortality risk at
systolic BP of less than 115 mm Hg.

The UKPDS performed an addi-
tional 10 years of follow-up that in-
cluded in-person and questionnaire
visits but no attempt to maintain pre-
viously assigned BP-lowering thera-
pies. This long-term follow-up re-
vealed a loss of the benefit realized in
the tight-control group within the first
2 years after the study closed. When
evaluating the 20-year period encom-
passing study and poststudy follow-
up, there was no significant difference
in the rate of any diabetes-related end
point, myocardial infarction, microvas-

cular disease, or all-cause mortality
comparing the tight-control and less-
tight control groups.27 Our long-term
follow-up data in the cohort of INVEST
participants enrolled in the United
States indicate that the increased risk
of mortality observed in patients achiev-
ing tight control during study fol-
low-up persisted in extended follow-
up. Even though we have no BP data
during extended follow-up, it is likely
that patients were continued on the
same or similar antihypertensive regi-
mens and our data raise the possibility
that continued maintanence of sys-
tolic BP lower than 130 mm Hg could
be hazardous over the long term.

Our study has some limitations. This
is a post hoc analysis and as such, rep-
resents observational data generated
from a randomized, controlled clini-
cal trial. We did not randomize a priori
to the different systolic BP groups but
rather categorized patients according to
their achieved systolic BP within the
context of the study. This could lead to
possible sources of confounding. Indi-
vidual patient characteristics over and
above study treatment play a role in
lowering BP. However, after adjust-
ment for differences in baseline char-
acteristics, there remained no differ-
ence in the risk of the primary outcome,
nonfatal myocardial infarction, and
nonfatal stroke comparing the tight-
control with the usual-control group.
Additionally, our data cannot be gen-
eralized to the population of patients
with diabetes without CAD. However,
as seen with ACCORD, conducting a
randomized controlled trial to assess ef-
fects of lower systolic BP can also lead
to possible sources of bias, including a
priori sample selection with regard to
level of BP and degree of cardiovascu-
lar risk at entry, which may play a role
in the outcomes observed.

In conclusion, our data from this post
hoc analysis in the cohort of patients
with diabetes enrolled in INVEST in-
dicate that tight control of systolic BP
was not associated with improved car-
diovascular outcomes compared with
usual control. At this time, there is no
compelling evidence to indicate that

lowering systolic BP below 130 mm Hg
is beneficial for patients with diabetes;
thus, emphasis should be placed on
maintaining systolic BP between 130
and 139 mm Hg while focusing on
weight loss, healthful eating, and other
manifestations of cardiovascular mor-
bidity to further reduce long-term car-
diovascular risk.
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