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OBJECTIVE

Blood pressure (BP) control for renal protection is essential for patients with type
2 diabetes. Our objective in this analysis of Veterans Affairs Diabetes Trial (VADT)
data was to learn whether on-study systolic BP (SBP), diastolic BP (DBP), and pulse
pressure (PP) affected renal outcomes measured as albumin-to-creatinine ratio
(ACR) and estimated glomerular filtration rate (eGFR).

RESEARCH DESIGN AND METHODS

The VADT was a prospective, randomized study of 1,791 veterans with type 2
diabetes to determine whether intensive glucose control preventedmajor cardio-
vascular events. In this post hoc study, time-varying covariate survival analyses
and hazard ratios (HR) were used to determine worsening of renal outcomes.

RESULTS

Compared with SBP 105–129 mmHg, the risk of ACR worsening increased signif-
icantly for SBP 130–139 mmHg (HR 1.88 [95% CI 1.28–2.77]; P = 0.001) and for SBP
‡140 mmHg (2.51 [1.66–3.78]; P < 0.0001). Compared with a PP range of 40–49
mmHg, PP <40 was associated with significantly lowered risk of worsening ACR
(0.36 [0.15–0.87]; P = 0.022) and PP ‡60 with significantly increased risk (2.38
[1.58–3.59]; P < 0.0001). Analyses of BP ranges associated with eGFR worsening
showed significantly increased risk with rising baseline SBP and an interaction
effect between SBP ‡140 mmHg and on-study A1C. These patients were 15%
more likely than those with SBP <140 mmHg to experience eGFR worsening (1.15
[1.00–1.32]; P = 0.045) for each 1% (10.9 mmol/mol) A1C increase.

CONCLUSIONS

SBP ‡130 mmHg and PP >60 mmHg were associated with worsening ACR. The
results suggest that treatment of SBP to <130 mmHg may lessen ACR worsening.
The interaction between SBP ‡140 mmHg and A1C suggests that the effect of
glycemic control on reducing progression of renal disease may be greater in
hypertensive patients.

Control of blood pressure (BP) in patients with type 2 diabetes is an essential
treatment goal to prevent the onset and progression of nephropathy and the asso-
ciated morbidity and mortality (1–3). Nephropathy, a destructive microvascular
complication of diabetes, encompasses persistent albuminuria, chronic kidney dis-
ease (CKD), arterial hypertension, and eventually end-stage renal failure (2,3). The
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optimal levels for systolic BP (SBP), di-
astolic BP (DBP), and pulse pressure (PP)
for renal and cardiovascular protection
are less certain (1,3–10). In the UK Pro-
spective Diabetes Study (UKPDS), BP
control was twice as effective as glucose
control in preventing any diabetes end
points including nephropathy (11,12). In
the Action in Diabetes and Vascular Dis-
ease: Preterax and Diamicron-MR Con-
trolled Evaluation (ADVANCE) trial,
active BP treatment reduced the risk
for renal events by 21% with SBP as
low as 110 mmHg regardless of the
baseline BP (13). A recent meta-analysis
of trials treating BP in patients with type 2
diabetes noted that SBP levels ,130
mmHg decreased risk of stroke but did
not add benefit regarding renal event
risk (14). The Action to Control Cardiovas-
cular Risk in Diabetes-BP (ACCORD-BP)
trial results analyzed for microvascular
outcomes showed that intensive BP
(mean SBP 119.3 mmHg) versus stan-
dard BP (mean 133.5 mmHg) lead to a
16% reduction in microalbuminuria but
no reductions in either macroalbuminu-
ria or renal failure (15). The Joint Na-
tional Committee (JNC)-8 recommends
treatment of BP in patients with dia-
betes to a target of ,140/,90 mmHg,
and the current American Diabetes Asso-
ciation (ADA) target is,140/,80mmHg
(9,16). There is uncertainty as to how far
the SBP and DBP can be lowered safely
for renal protection (3,7,9,15,16).
The Veterans Affairs Diabetes Trial

(VADT) was a prospective, randomized

study of 1,791 veterans with type 2 di-
abetes. The primary goal was to deter-
mine whether intensive glucose control
prevented major cardiovascular disease
events while BP and other risk factors
were controlled equally in both glycemic
treatment groups (17). An analysis of
risk factors and renal outcomes in the
VADT has previously been published
(2). This report differs from the previous
study in three aspects. First, the current
study focuses on two renal risk factors,
BP and glycemic control, while the pre-
vious work included a more global ex-
amination of risk factors. Second, the
current study includes baseline as well
as on-study (time-varying) parameters,
while the risk factors examined in the
previous publication were exclusively
baseline. Finally, analyses of PP associa-
tions are included. The objectives of the
current study were as follows: 1) to de-
termine whether baseline and on-study
SBP, DBP, and PP were associated with
renal outcomes and 2) to ascertain
whether there was an interaction be-
tween on-study BP variables and on-
study A1C.

RESEARCH DESIGN AND METHODS

The design of VADT and the results have
previously been reported (17,18). In this
trial, lipids, diet, and lifestyle were treat-
ed identically in both the intensive and
standard glycemic treatment arms. The
VADT was associated with attenuation
of worsening albuminuria in the intensive
glycemic treatment group of patients

during the trial (17). The initial results
and effects of BP on the cardiovascular
outcomes and renal outcomes were pub-
lished recently (1,2). Baseline char-
acteristics of subjects available for the
current analyses for worsening albumin-
to-creatinine ratio (ACR) and estimated
glomerular filtration rate (eGFR) are pre-
sented in Table 1. All who entered the
trial with new or treated hypertension
were given stepped treatment to main-
tain BP ,130/80 mmHg, which was the
ADA target at the time. After starting
with ACE inhibitors (ACEIs) or angioten-
sin II receptor blockers (ARBs), the fol-
lowing agents were added as needed:
diuretics, cardioselective b-blockers, cal-
cium channel blockers, clonidine, hy-
dralazine and minoxidil. The primary
outcome was the time from randomiza-
tion to the first occurrence of myocardial
infarction, stroke, congestive heart fail-
ure, surgery for vascular disease, inoper-
able coronary disease, amputation for
ischemic gangrene, or cardiovascular dis-
ease death. This study was approved by
the institutional review boards of each
participating site, and all subjects gave
informed consent.

Definition of BP Categories
The previous ADA and JNC-7 target BP
defined the desirable BP measurements
(8,19). For this analysis, we divided BP
and PP into the following categories:
SBP ,105 mmHg, 105–129 mmHg as
the standard comparison group, 130–
139 mmHg, and $140 mmHg; DBP

Table 1—Baseline characteristics by standard and intensive glycemic control treatment groups for the subjects available for
analyses of worsening ACR and eGFR

Standard Intensive P

ACR subjects
A1C, % (mmol/mol) 9.37 6 1.48 (700) (79 6 16.2) 9.38 6 1.44 (686) (79 6 15.7) ,0.0001
SBP, sitting, mmHg 130.80 6 16.41 (697) 131.20 6 15.64 (683) ,0.0001
DBP, sitting, mmHg 76.05 6 10.11 (697) 75.64 6 10.05 (683) ,0.0001
PP, mmHg 54.77 6 13.23 (697) 54.46 6 13.22 (683) ,0.0001
No albuminuria (n) 461 437
Microalbuminuria (n) 239 249
ACEI or ARB (n/n) 465/48 482/43

eGFR subjects
A1C, % (mmol/mol) 9.42 6 1.54 (842) (79 6 16.8) 9.38 6 1.46 (826) (79 6 16.0) ,0.0001
SBP, sitting, mmHg 131.70 6 16.81 (837) 131.20 6 16.22 (824) ,0.0001
DBP, sitting, mmHg 76.09 6 10.23 (837) 75.81 6 10.13 (824) ,0.0001
PP, mmHg 55.62 6 13.81 (838) 55.38 6 13.83 (823) ,0.0001
Stage 1 CKD (n) 345 348
Stage 2 CKD (n) 418 400
Stage 3 CKD (n) 80 79
ACEI or ARB (n/n) 577/51 547/59

Data are means 6 SD (n) unless otherwise indicated.
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,70 mmHg, 70–79 mmHg as the stan-
dard comparison group, and $80
mmHg; and PP (calculated as SBP 2
DBP) ,40 mmHg, 40–49 mmHg as the
comparison group, 50–59 mmHg, and
$60 mmHg (6).

Worsening of Renal Outcomes
The worsening of renal outcomes was
determined using ACR and eGFR mea-
surements. Baseline ACRmeasurements
were categorized as follows: 0–29 mg/g,
no albuminuria; 30–300 mg/g, micro-
albuminuria; and.300, macroalbumin-
uria. These values were compared with
each subsequent on-study ACR mea-
sures that weremonitored yearly.Wors-
ening albuminuria was defined as an
increase in the category of albuminuria
at follow-up visits without reversion to
an improved level (e.g., from no albu-
minuria to either micro- or macroalbu-
minuria or from microalbuminuria to
macroalbuminuria). The time of worsen-
ing was taken when the patient started
the worsening of ACR. Baseline eGFR
measurements, calculated according to
the MDRD equation (20), were used to
categorize patients as follows: eGFR
.90 mL/min/1.73 m2 = CKD stage 1,
60–89 mL/min/1.73 m2 = CKD stage 2,
30–59 mL/min/1.73 m2 = CKD stage 3,
15–29 mL/min/1.73 m2 = CKD stage 4,
and,15mL/min/1.73m2 = CKD stage 5.
The baseline eGFR value for each patient
was compared with the subsequent
quarterly (every 3 months) recordings
of eGFR. If the measurement during
the follow-up period was worse than
the baseline eGFR by increasing at least
one stage and persisted from that time
forward, that patient was considered to
have the outcome of persistent worsen-
ing of eGFR and/or progression of CKD.
The first time at which the measure-
ment was worse than the baseline value
was used as the time to the first event
for both ACR and eGFR.

Statistical Analysis
For baseline data, a two-tailed t test was
used for comparison between the in-
tensive and standard glycemic treat-
ment groups. Cox proportional hazard
models were performed to assess on-
study BP and A1C interaction as a pre-
dictor of time to the first worsening of
each ACR and eGFR renal outcome sep-
arately. Baseline-only measurements of
A1C, SBP, DBP, and PP were used as co-
variates for all models. These models

were useful in determining which level
of baseline BP was predictive of the
time to the first renal outcome. Both
baseline variables and quarterly BP
measures were used as on-study cova-
riates in proportional hazardmodels, in-
cluding the subgroup analyses of the
risk associated with separate SBP, DBP,
and PP. For the on-study analyses, any
missing BP data were imputed with the
last observation carried forward. The
Cox proportional hazard models were
used to test on-study SBP, DBP, and PP
as continuous variables with ACEI and
ARB use as on-study covariates to de-
termine their potential contributions
to time to the first worsening of each
ACR and eGFR outcome separately.
Two BP models were tested to deter-
mine whether there were any in-
teraction effects between on-study
covariates: 1) a two-way interaction ef-
fect between on-study A1C and on-
study variable of SBP with three dummy
variables for the four SBP categories
and between on-study A1C and the
on-study variable of DBP with two
dummy variables for three DBP catego-
ries and 2) a two-way interaction effect
between on-study A1C and on-study PP
with three dummy variables for four PP
categories, compared with the standard
PP category, 40–49 mmHg. When no in-
teraction was found between on-study
A1C and any on-study BP or any of the
on-study BP categories, we reduced the
model with an interaction variable be-
ginning from the highest P value until
any interaction had a P value ,0.05.
However, all the main effects (on-study
A1C and on-study BP) and the baseline
covariates would still remain in the
model selection procedure regardless
of P values.

The derived effects of BP on the risk of
an event were an estimate of the effect of
the BP level at the time of a given wors-
ening of renal event. Hazard ratios (HRs),
95% CIs, and P values are reported. HRs
are interpreted as percent increased risk
compared with the given reference cate-
gory for categorical models. All analyses
were done with a significance level of
0.05, using SAS, version 9.2, for Windows
(SAS Institute, Cary, NC).

RESULTS

At baseline, the mean 6 SD age was
60.4 6 8.7 years, BMI 31 6 4 kg/m2,
A1C 9.4 6 1.5% (79 6 16.4 mmol/mol),

and diabetes duration 11.56 7.5 years.
Forty percent of patients had prior CVD
events. Mean BP overall in the popula-
tion analyzed for this study was 131/76
mmHg. The cohort entering VADT had
near-optimal mean BP. This was further
reduced within 1 year and was main-
tained below target for up to 7 years
with added BP treatment (1,17).
Though there were statistical differ-
ences between the two treatments in
all baseline variables (SBP, DBP, A1C,
and PP), the differences were clinically
negligible (Table 1). However, these
baseline variables were controlled for
the on-study analyses.

At baseline, 65% (898) of patients had
no albuminuria and 35% (488) had micro-
albuminuria for a total of 1,386 patients
available for analysis of ACR worsen-
ing (Table 1). Patients with macro-
albuminuria were not included because
the ACR could not worsen based on our
definition for the analyses. Of these pa-
tients, 68% (947) were taking ACEI, and
7% (91) were taking an ARB agent (Table
1). In the main VADT outcome results
(17), 4.7% of the patients progressed
from normal urine albumin to micro-
albuminuria (which would represent
36 patients in our analysis), and 0.4% pro-
gressed frommicroalbuminuria tomacro-
albuminuria (representing two patients in
our group analyzed), with no significant
differences between the intensive and
standard glycemic control groups.

For the study of eGFR worsening, at
baseline 41.5% (693) had stage 1 CKD,
49% had stage 2 (818), and 9.5% had stage
3 (159) for a total of 1,670 patients eligible
for analysis. No patients had stages 4 or 5
CKD at baseline (17). Of these patients,
67% (1,124) were taking ACEI and 7%
(110) were taking an ARB agent (Table
1). In our main VADT outcomes report,
8.8% of patients progressed to a doubling
of serum creatinine, with 1.4% rising to
.3.0 mg/dL and 1% progressing to stage
5 CKD. Again, there were no significant
differences between the intensive and
standard glycemic control groups for
these items, but any increase in albumin-
uria was significantly lower (P = 0.05) in
the intensive treatment group (17).

Relationship of On-Study SBP, DBP,
and PP Categorical Variables With Renal
Outcomes
To further characterize which BP and
PP ranges might be associated with
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significant risks for worsening renal out-
comes, we selected the ranges of sepa-
rate SBP, DBP, and PP measurements to
evaluate, as shown in Tables 2 and 3.
ACR worsening with categorical SBP
in a multivariate analysis was significant
for SBP 130–139 (HR 1.88, P = 0.001) and
$140 mmHg (HR 2.51, P, 0.0001). Cat-
egorical DBP levels were not associated
with ACR worsening. There were no
significant interaction effects with on-
study A1C, but on-study A1C was signif-
icantly associated with worsening ACR
(HR 1.19, P = 0.0002) (Table 2). Com-
pared with a PP range of 40–49 mmHg,
ACR worsening with categorical PP was
significantly attenuated in those with PP
,40mmHg (HR 0.36, P = 0.022) and was
accelerated significantly at PP $60
mmHg (HR 2.38, P , 0.0001). There
were no significant interaction effects
for worsening ACR with PP and A1C,
but the time-varying A1C was significant
(HR 1.22, P , 0.0001) (Table 3). There
was no association with DBP.
For worsening of eGFR, there was a

significant interaction between SBP
$140 mmHg and on-study A1C (HR
1.15, P = 0.045) (Fig. 1). On-study A1C
also was significantly associated with
worsening of eGFR (P = 0.017), as was
baseline SBP (HR = 1.01, P = 0.008) in the
multivariate analysis (Table 2). There
were no significant associations or inter-
action effects with categorical DBP and
eGFR worsening (Table 2). There also
were not significant interactions or as-
sociations of categorical PP with eGFR

worsening, although the baseline A1C
(HR 1.07, P = 0.038) and baseline SBP
(HR 1.01, P = 0.004) were significant in
the on-study covariate survival analysis
(Table 3).

Relationship of On-Study SBP, DBP,
and PP Continuous VariablesWith Renal
Outcomes
We tested on-study SBP, DBP, and PP as
continuous variables to evaluate their
potential associations with ACR and
eGFR worsening. We included on-study
ACEI and ARB treatment to learn
whether the use of these agents affected
renal outcomes. SBP (HR 1.03, P ,
0.0001) and PP (HR 1.03, P , 0.0001),
but not DBP, showed significant risk for
worsening of ACR. There was no signifi-
cant increased risk of ACR worsening
with on-study ACEI or ARB when evalu-
ated with SBP, DBP, or PP as continuous
variables. SBP (HR 1.01, P = 0.03) and PP
(HR 1.01, P = 0.047), but not DBP,
showed significant risk for worsening of
eGFR. Again, there was no significant in-
creased risk of eGFR worsening with on-
study ACEI or ARB when evaluated with
SBP, DBP, or PP as continuous variables.
Of interest in this continuous variable
analysis was that risk for worsening of
eGFR was significant with baseline PP
(HR 1.01, P = 0.03).

CONCLUSIONS

When the VADT BP data were analyzed
with respect to the reference range BP
(105–129/70–79 mmHg), SBP 130–139,

$140 mmHg, and PP $60 mmHg were
associated with increased risk for ad-
verse renal outcomes for these patients
with type 2 diabetes over time (on-
study). The results underlined the need
for treatment of type 2 diabetes pa-
tients with SBP $140 mmHg and into
target range as recommended in ADA
(,140/,80 mmHg) and JNC-8 (,140/
,90 mmHg) BP guidelines (9,16). Cur-
rent Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines also
emphasize a lower target (#130/#80
mmHg) for patients with CKD and pro-
teinuria (not on dialysis) and a higher
target (#140/#90 mmHg) for patients
with CKDwithout albuminuria (3). In our
study, there was a step-wise increased
risk of ACR worsening starting at SBP
130 mmHg and accelerating at $140
mmHg. There was a 19% increased risk
for each 1% (10.9mmol/mol) increase in
on-study A1C, a result that suggests in-
creasing A1C alone would contribute to
worsening ACR. This increased risk oc-
curred at a lower on-study SBP (130–
139 mmHg) than the generally recom-
mended target of,140mmHg for people
with diabetes (16). Thus, for example, a
patient with SBP of 135 mmHg would be
,140 mmHg but still at higher than opti-
mal risk based on our analysis. This does
not necessarily suggest that treating to
SBP of,130mmHg, and subsequent low-
ering of ACR, would decrease risk of
advancing kidney failure. The recent
Ongoing Telmisartan Alone and in Com-
bination with Ramipril Global End point
Trial (ONTARGET), the Aliskiren Trial in
Type 2 Diabetes Using Cardiorenal End
points (ALTITUDE), and the Veterans
Affairs Nephropathy in Diabetes (VA
NEPHRON-D) trial failed to demonstrate
that intensified combination therapy of
proteinuria with ACEI and ARB agents
reduced renal risk beyond standard treat-
ment with a single agent (21–23). Analo-
gous to this, most of the VADT patients
were taking an ACEI or an ARB, so it is
not clear that further lowering of albu-
minuria with intensive glycemic control
would provide additional renal benefit.
In our study, there was no relationship
of worsening of ACR to DBP (Table 2).

Worsening of ACR was attenuated in
those with lower PP (,40 mmHg) and
accelerated in those with higher PP
($60 mmHg). The worsening of ACR
with increasing PP likely represents ef-
fects from an increasing SBP, as there

Table 2—HRs for worsening ACR and eGFR with SBP and DBP categories relative
to each reference BP category and A1C used in the multivariate analyses

ACR eGFR

HR 95% CI P HR 95% CI P

BP, mmHg
DBP 70–79 Reference Reference
DBP ,70 1.08 0.74–1.57 0.687 1.01 0.80–1.26 0.959
DBP $80 1.03 0.69–1.55 0.887 0.96 0.73–1.26 0.763
SBP 105–129 Reference Reference
SBP ,105 0.59 0.23–1.47 0.257 1.22 0.83–1.81 0.315
SBP 130–139 1.88 1.28–2.77 0.001 1.08 0.84–1.38 0.566
SBP ‡140 2.52 1.66–3.78 <0.0001 0.42 0.13–1.31 0.135

A1C 1.19 1.09–1.31 0.0002 0.91 0.85–0.98 0.017

A1C X† ‡140 mmHg d d d 1.15 1.00–1.32 0.045

A1C baseline 1.06 0.96–1.16 0.247 1.06 0.99–1.13 0.091

SBP baseline 1.00 0.99–1.01 0.792 1.01 1.00–1.02 0.008

DBP baseline 0.99 0.97–1.01 0.385 1.00 0.98–1.01 0.507

The total number of participants available for the final model of worsening ACR was 1,374, and
for that of worsening eGFR, the number was 1,649. All variables are on study except baseline
covariates. †X represents the interaction between on-study A1C and the on-study SBP noted.
Boldfaced text indicates data with statistically significant results.
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were no signals in the multivariate anal-
yses associating categorical levels of
DBP with significant risk for renal out-
comes (Table 3). Given the age of our
study population, the increased PP
may represent arterial stiffeningwith in-
creased SBP without elevation of the
DBP as a major contributor to this find-
ing. We identify a PP of $60 mmHg as
a level of concern for increasing ACR in
patients with type 2 diabetes.
Increased risk of worsening eGFR was

related to on-study SBP when analyzed
as a continuous variable and was associ-
ated with baseline SBP in the categorical
analysis (Table 2). There was a 15% in-
creased risk of worsening eGFR for each
1% (10.9 mmol/mol) increase in on-
study A1C only in those with SBP $140
mmHg compared with SBP 105–129

mmHg (Table 2). This confirms data
from the ACCORD-BP (15) and ADVANCE
(24) trials in which there was no interac-
tion between SBP and A1C in the setting
of an SBP that was generally ,140
mmHg. For example, in ACCORD-BP,
the intensive glycemia arm patients
who were in the intensive BP arm
(mean SBP 119.3 mmHg) appeared to
have a lower incidence of microalbumin-
uria and macroalbuminuria, but the
interaction P value for these two inter-
ventions was not significant (15). How-
ever, in our study, if SBP was not well
controlled to a level of #140 mmHg,
on-study A1C appeared to be associated
with greater renal impact. There was no
relationship of worsening of eGFR to DBP,
and there was no relationship between PP
and eGFR as categorical variables, but the

risk of eGFR worsening increased signifi-
cantly when analyzed with on-study PP
as a continuous variable (HR 1.01, P =
0.047).

Our results showed some similarities
and substantial differences compared
with the Australian Diabetes, Obesity,
and Lifestyle Study (AusDiab) (7). This
was a population-based study of 5,554
individuals of whom 5.8% (322) had type
2 diabetes. A number of these patients
were followed up for ;5 years after
the baseline visit. Just as in this current
VADT analysis, baseline SBP was associ-
ated with a decline in eGFR but was only
significant when the DBP was ,70
mmHg in the AusDiab trial (7). Similarly,
there was no direct relationship
between DBP and renal outcomes in
AusDiab, as was the case in VADT. There
were major differences, however. The
AusDiab investigators reported that
higher PP (defined as $61 mmHg)
was a significant risk factor for eGFR de-
cline over 5 years and that PP was not a
significant risk factor for albuminuria (7),
results that were the opposite of our
VADT findings when analyzed as categor-
ical variables. Several aspects of the
studies may account for the discrepan-
cies. First, the populations were differ-
ent in that the AusDiab population
consisted of approximately one-third
women versus 2.9% of women in
VADT. Second, the subgroup of patients
with diabetes in AusDiab likely had less
severe disease, since only 25–35% were
taking antidiabetes medicines compared
with 100% of patients on antidiabetes
medicines in VADT. Finally, the AusDiab
analysis used baseline PP, whereas the
VADT analysis used on-study PP. Both
studies did demonstrate an adverse ef-
fect of increased PP on a renal outcome,
albeit baseline PP for worsening eGFR in
AusDiab and on-study PP for worsening
ACR in VADT. But, as mentioned earlier,
the risk of eGFR worsening in our study
increased significantly when analyzed
with on-study SBP and PP as continuous
variables. The differences in SBP and PP
associations with worsening of eGFR in
the continuous versus categorical analy-
sesmay be due to the slow progression of
renal disease, especially in patients with
relatively good baseline renal function.
Decreased numbers of patients in the cat-
egorical groups may have contributed to
the differences. Longer study lengths
likely will be needed to detect expected

Table 3—HRs for worsening ACR and eGFR with PP categories relative to the
reference category chosen from multivariate analyses that included baseline
SBP, DBP, and A1C and on-study A1C among the covariates

ACR eGFR

HR 95% CI P HR 95% CI P

PP, mmHg
40–49 Reference Reference
<40 0.36 0.15–0.87 0.022 1.02 0.71–1.45 0.934
50–59 1.11 0.71–1.72 0.651 1.00 0.76–1.30 0.986
‡60 2.38 1.58–3.59 <0.0001 1.11 0.85–1.45 0.460

A1C 1.22 1.11–1.34 <0.0001 0.95 0.89–1.01 0.105

A1C baseline 1.06 0.97–1.17 0.207 1.07 1.00–1.14 0.038

SBP baseline, mmHg 0.99 0.98–1.01 0.223 1.01 1.00–1.02 0.004

DBP baseline, mmHg 1.01 0.99–1.03 0.476 1.00 0.98–1.01 0.443

The total number of participants available for the final model of worsening ACR was 1,374, and
for that of worsening eGFR, the number was 1,649. All variables are on study except baseline
covariates. Boldfaced text indicates data with statistically significant results.

Figure 1—HR and 95% CIs for the interaction between on-study A1C (%) and on-study SBP$140
mmHg associated with worsening of the eGFR outcome. Baseline continuous values are fixed at
mean values (DBP 75.95 mmHg, SBP 131.45 mmHg, A1C 9.4% [79 mmol/mol]) after controlling
for all other on-study categorical BPs, which are held constant. When on-study A1C is$8% (64
mmol/mol), the 95% CIs are greater than an HR of 1, which indicates worsening of the eGFR
outcome. Corresponding A1C, for each value starting with 6%, is as follows: 42, 53, 64, 75, 86, 97,
108, and 119 mmol/mol, respectively.
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increased risks for worsening eGFR in the
categorical SBP and PP level groups.
Approximately 75% of our patients

were taking either an ACEI (67–68%) or
an ARB (7%). There were no significant
increased risks of ACR or eGFR worsen-
ing with on-study ACEI or ARB when
evaluated with SBP, DBP, or PP as con-
tinuous variables. It is reassuring that
the extensive use of these agents did
not appear to contribute to worsening
of renal function that might occur when
used in these patients. The potential at-
tenuation of the progression of renal
disease may be an added benefit with
the use of ACEI or ARB agents in this
group of patients.
Major strengths of our study include

the well-characterized, large population
with type 2 diabetes with frequent BP
monitoring and adjustments for control,
renal function monitoring, the longitu-
dinal follow-up for up to 7 years on
study, the inclusion of a larger percent-
age of minorities than most studies of
this type, and the hypothesis-driven
direction of the current analyses. A
weakness was that this is a post hoc,
retrospective analysis of patients who
were not in a designed BP treatment
trial. The results from this older, primar-
ily male population may not be applica-
ble to younger individuals and women.
Our results for categorical BP and PP

values are in accord with our previous
analysis in that baseline SBP, but not
DBP, was related to a decline in eGFR
(2). On-study SBP as a continuous vari-
able showed significant risk for worsen-
ing of eGFR. Also, as in the previous
report, baseline SBP and DBP were not
related to worsening albuminuria. New
findings were the association of a lower
PP with attenuation of ACR worsening,
and a PP .60 mmHg association with
significant worsening of ACR, but not
with worsening eGFR in a categorical
PP analysis (Table 3). However, on-study
and baseline PP studied in the continu-
ous variable analyses were associated
with significant worsening of eGFR. We
cannot comment on potential beneficial
lower limits of SBP based on our results.
Our comparison SBP reference range
was 105–129 mmHg, levels that were
inclusive of the ACCORD-BP intensive
treatment target of ,120 mmHg (15).
In ACCORD-BP, the achieved intensive
mean SBP of 119.3 mmHg was associ-
ated with significant improvement in

microalbuminuria (15). But the long-
term renal benefit of treatment to
such an SBP level is uncertain because
the incident renal failure did not change
compared to the standard BP group
(mean SBP 133.5 mmHg) (15). Likewise,
the simultaneous combination of inten-
sive SBP control with intensive glycemic
control failed to provide significant pre-
vention of renal failure compared to
standard BP control (15). Our results
support strong consideration for treat-
ment of higher levels of systolic hyper-
tension for renal protection, with the
level for increased risk for worsening
ACR emerging at 130–139 mmHg,
and a more critical SBP level of $140
mmHg for both ACR and eGFR worsen-
ing. The significant interaction of eGFR
worsening with on-study A1C highlights
the potential deleterious effects of an
SBP level $140 mmHg in patients with
poor glycemic control (Table 2).
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