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Abstract

Background—Medical literature or clinical guidelines have not adequately addressed the ideal
blood pressure (BP) treatment targets for survival and renal outcome.

Objective—To evaluate ranges of treated BP in a large hypertension population and compare
risk of mortality and end stage renal disease (ESRD).

Methods—A retrospective cohort study within the Kaiser Permanente Southern California health
system was performed from January 1, 2006 to December 31, 2010. Treated hypertensive
individuals age >/=18 years were studied. Cox proportional hazards regression models were used
to evaluate the risks (hazard ratios) for mortality and/or ESRD among different BP categories with
and without stratification for diabetes mellitus (DM) and older age.

Results—Among 398,419 treated hypertensive individuals (30% with DM), mortality occurred
in 25,182 (6.3%) and ESRD in 4,957 (1.2%). Adjusted HR (95% CI) for composite mortality/
ESRD in systolic BPs <110, 110-119, 120-129, 140-149, 150-159, 160-169, and >/=170 compared
to 130-139 mmHg were 4.1 (3.8,1.3), 1.8 (1.7,1.9), 1.1 (1.1,1.1), 1.4 (1.4,1.5), 2.3 (2.2,2.5), 3.3
(3.0,3.6), and 4.9 (4.4,5.5) respectively. Diastolic BPs 60-79 mmHg were associated with the
lowest risk. The nadir systolic and diastolic BP for the lowest risk was 137 and 71 mmHg
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respectively. Stratified analyses revealed that the DM population had a similar HR curve but a
lower nadir at 131 and 69 mmHg but age >/=70 had a higher nadir (140 and 70 mmHg).

Conclusions—Both higher and lower treated BPs compared to 130-139 mmHg systolic and
60-79 mmHg diastolic ranges had worsened outcomes. Our study adds to the growing uncertainty
about BP treatment targets.

Background

Methods

As treatment and control rates of hypertension (HTN) continue to improve (1,2), discussions
have centered on the most appropriate target blood pressures (BP) in treated hypertensive
individuals, specifically related to how aggressively their HTN should be treated. Current
treatment goals have been drafted with the assumption that there is a linear relationship
between BP and risk for vascular and mortality outcomes. Lower observed BPs across all
age groups have been associated with the greatest morbidity and survival benefits (3). These
observations have led to conclusions that lowering BP along that linear axis will correspond
with a proportionate decrease in risk (4). The perception has been the same for the risk of
renal failure (5). Indeed, significant risk reductions have been demonstrated in prospective
interventional studies that have lowered BPs in those with severe HTN (5-13). However,
aggressive BP lowering has not convincingly shown benefit (14-19) and may actually
predispose individuals to harm (20-24).

In high-risk populations, such as those with diabetes (DM) and chronic kidney disease
(CKD), interventions to lower BPs below current target levels have not demonstrated
outcome improvements (14,19,25). In fact, aggressive BP lowering has been associated with
worsened outcomes, (20-22) suggestive of a J-shaped curve. This nonlinear curve is similar
to what has already been observed in other cardiovascular disease risk factors (24,26). Thus,
for the treated general HTN population, the relationship between treated BP and outcomes is
not well-defined. We used a large ethnically diverse population of individuals who were
medically treated for HTN to evaluate discrete ranges of achieved BP and subsequent risk
for mortality and end-stage renal disease (ESRD).

A retrospective cohort study was performed among members of Kaiser Permanente
Southern California (KPSC) during the period January 1, 2006 through December 31, 2010.
KPSC is an integrated health system comprised of 14 medical centers and more than 200
satellite medical offices, with a membership exceeding 3.5 million people. The membership
population is ethnically and socioeconomically diverse, reflecting the population of the state
of California (27). KPSC complete healthcare encounters are tracked using 1 common
electronic health record and are collected as part of routine clinical care encounters. KPSC
Institutional Review Board approved the study protocol, which was exempt from informed
consent.

The study population consisted of individuals 18 years of age and older who had a minimum
of 6 months continuous membership in the health plan. The HTN study cohort was
identified in a 2-year window (January 1, 2006-December 31, 2007) and followed up to
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December 31, 2010. HTN was identified as any member with 2 International Classifications
of Diseases, Ninth Revision (ICD-9) codes, specific to HTN (401.xx, 402.xx, 403.xX,
404.xx, 405.xx). The accuracy of ICD-9 coding for the diagnosis of HTN has been
previously validated (28). Recorded BP values at baseline when the cohort was initially
identified and all subsequent BPs were retrieved. Inclusion criteria were hypertensive
individuals who had a minimum of 1 outpatient BP measurement and documented
prescription(s) for antihypertensive medications. Individuals were determined to be on an
antihypertensive medication if it was prescribed and filled for 7 or more days within the
observation period. Exclusion criteria were individuals <18 years of age, on dialysis or who
had received a renal transplant, with no documented diagnosis of HTN, no documented BP,
or no documented prescription for antihypertensive medications. Individuals with congestive
heart failure also were excluded as their BP may not necessarily reflect treated BP values.

Co-morbidities, including DM, ischemic heart disease, congestive heart failure, and
cerebrovascular disease, were determined on the basis of inpatient and outpatient ICD-9
diagnoses codes. CKD was defined as an estimated glomerular filtration rate (eGFR) <60
mL/min/1.73m2, calculated from serum creatinine levels and the CKD Epidemiology
Collaboration equation (29). Obesity was defined as a body mass index (BMI) =30.
Charlson co-morbidity index (CCI) scores also were calculated for each individual.

Kaiser Permanente HTN Management

Outcomes

Since 2005, KPSC has internally advocated and made available a simplified HTN treatment
algorithm to guide therapy for all practitioners treating and managing HTN (30). We have
previously described that a majority of the practitioners within KPSC follow the algorithm
as demonstrated by medication prescription information (31-33). During the study period,
HTN control rates in the KPSC population ranged 65-80% (30,31,33).

The primary outcome evaluated was a composite of mortality or ESRD. Since mortality is a
strong competing risk for individuals who progress to ESRD (34), the composite outcome
was studied to minimize confounding of mortality on ESRD. ESRD, defined as treatment
with dialysis or renal transplantation, is captured within an internal KPSC database which
includes all dialysis and renal transplant patients along with comprehensive clinical care
information. Mortality information was obtained from hospitalization records, outside
billing records, state vital statistics, and Social Security Administration death files. For the
latter 2 sources, a probabilistic match was made based on name, address, birth date, Social
Security Number (when available) and other demographic information. Because data from
these latter sources may be delayed, December 31, 2010 was used to censor follow-up.

Secondary outcomes included ESRD and mortality separately as competing risks and in
stratified analyses of those with or without DM, age <70 or >/=70 years, and CCI scores.

The arithmetic means of all outpatient BP values were used in the analyses. The values were
then categorized into systolic BP (SBP) increments of 10 mmHg in the following manner:
<110, 110-119, 120-129, 130-139, 140-149, 150-159, 160-169, >/=170. Similar analyses
were performed using diastolic BP (DBP) increments of 10 mmHg in the following manner:
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<50, 50-59, 60-69, 70-79, 80-89, 90-99, and >/=100. Differences in the distributions of
continuous and ordinal variables were tested using the Kruskal-Wallis test and for
categorical variables, the Chi-square test. Given the large size of the population and data, no
imputations were performed for any missing values (e.g., eGFR).

Cox proportional hazards regression models were used to calculate hazard ratios (HR)
among different SBP categories for mortality, ESRD, and the composite of mortality/ESRD.
The 130-139 and 80-89 mmHg categories were used as the reference category for SBP and
DBP, respectively. Adjusted HRs were estimated adjusting for age, sex, race, BMI>/=30,
CKD, DM, and comorbidities of ischemic heart disease and cerebrovascular disease.
Proportionality assumptions were tested by both graphic approaches and the addition of
interaction terms with time. A cubic spline smoothing technique was used to interpolate the
overall trend of risks through the range of BPs. To determine the “nadir” point where the
risk is lowest, a secondary analysis was performed by treating SBP/DBPs as continuous
variables and included a quadratic term. These analyses were repeated in subgroups based
on DM status, age, and CCI scores. All statistical analyses were performed using SAS
Version 9.2 (SAS Institute Inc., Cary, North Carolina) statistical software. Results with p-
values <0.05 were considered statistically significant.

Sensitivity Analysis

Results

We performed sensitivity analyses using single baseline BPs defined as the values closest in
date to the second ICD-9 coded HTN date. Subgroup analyses also were performed in those
who died. BP values within 60 days of death were excluded in order to control for any
residual confounding on BP from end of life. The averages BP before and within 60 days of
death were also compared.

Different subpopulations were considered in additional sensitivity analyses. We performed
separate analyses after removing those with eGFR<60 ml/min./1.73m2, thereby removing
the confounding of CKD itself on ESRD/mortality risk. We also tested whether there was an
interaction between pre-existing cardiovascular disease and BP on the outcomes studied. If
there were significant interactions, BP variables were evaluated in those with and without
cardiovascular disease. We also performed separate analyses, excluding all individuals with
cancer or dementia diagnoses as deteriorating health status may confound the BP
relationship.

A total of 398,419 treated hypertensive individuals were identified for the study cohort and
analyses (Figure 1). At baseline, the mean age of the population was 64 years. The cohort
was comprised of 55% females, 41% whites, 12% blacks, and 21% Hispanics (Table 1). The
mean BP for the cohort was 131/73 mmHg with standard deviations for SBP (11 mmHg)
and DBP (8 mmHg), respectively. In those who died, the mean SBP decreased 7 mmHg
during the 60 days prior to death [124 vs 131 mmHg (p<0.01)]. DBP differences were not as
pronounced with a decrease of 3 mmHg [70 mmHg before and 67 mmHg within 60 days of
mortality (p<0.01)]. Overall, 83% of the HTN population was considered controlled (<140
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mmHg) during the observation period. BMI information was available in 99% of the study
cohort (4,397 with missing BMI) and 43% were considered obese. The prevalence of co-
morbidities were as follows; DM 30%, ischemic heart disease 19%, and cerebrovascular
disease 8%. The mean serum creatinine and eGFR of the cohort were 1.0 mg/dl and 74
ml/min/1.73m2, respectively. Overall, 24% of the population had an eGFR below 60
ml/min/1.73m2.

Medications administered to the patient cohort were generally reflective of the KPSC HTN
treatment guidelines (Supplemental Table 1; Supplemental Figure 1). Diuretics (80%),
angiotensin converting enzyme inhibitors (70%), beta-blockers (44%), and calcium channel
blockers (37%) were the most frequently used antihypertensive medications.

Event Rates—A total of 28,919 (7.3%) individuals in the cohort reached the composite
outcome of mortality or ESRD (Table 2). The mean and median lengths of follow-up were
4.0 and 4.5 years, respectively. The lowest and highest SBP groups had the greatest rates of
mortality/ESRD (22.9 and 15.7%). Accounting for events separately, mortality occurred in
25,182 (6.3%) while ESRD occurred in 4,957 (1.2%). Mortality rates were higher in the
lowest and highest SBPs as well. ESRD rates, however, appeared to increase across higher
SBP categories (6.9% of individuals >/=170 mmHg). By contrast, there did not appear to be
a disproportionate increase in ESRD with the lowest SBP groups (3.4% of individuals <110
mmHg).

Multivariable Regression Analyses—Adjusted HRs for composite mortality/ESRD
outcomes using SBP 130-139 mmHg as reference demonstrated greater risk with higher and
also lower SBPs (Figure 2, Table 3). With SBP modeled as a continuous variable and using
a quadratic term, the calculated nadir for mortality/ESRD was 137 mmHg. DBPs revealed a
wider range of optimal outcomes. Compared to DBP 80-89, the adjusted HR were lower for
the range of 60-79. DBPs both lower and higher than the 60-79 range demonstrated worse
outcomes (Table 4, Figure 3). The nadir DBP was estimated to be 71 mmHg. After
removing those with cancer and dementia and then further adjusting for CCI scores (0, 1,
and >/=2), eGFR and BMI as continuous variables, the mortality/ESRD HRs were 3.80
(3.52,4.11), 1.72 (1.63,1.80), 1.10 (1.06,1.15) 1.50 (1.43,1.58), 2.44 (2.27,2.62), 3.22
(2.88,3.61), and 5.02 (4.34,5.80) for SBPs <110, 110-119, 120-129, 140-149, 150-159,
160-169, and >169 mmHg, respectively compared to 130-139 mmHg.

The mortality only analyses revealed a similar U-shaped trend (Figure 4, Supplemental
Table 2). The ESRD only analyses suggested a more linear relationship (Figure 4,
Supplemental Table 3). After removing those with cancer and dementia and then further
adjusting for CClI scores (0, 1, and >/=2), eGFR, and BMI as continuous variables, the
mortality HRs were 4.26 (3.92,4.63), 1.95 (1.84,2.05), 1.19 (1.14, 1.25), 1.34 (1.27,1.42),
2.12 (1.95,2.30), 2.43 (2.12,2.80), 3.72 (3.10,4.48) for SBPs <110, 110-119, 120-129,
140-149, 150-159, 160-169, and >169 mmHg, respectively compared to 130-139 mmHg.

Stratified Analyses—The HRs for mortality/ESRD in individuals with DM were shifted
to lower BPs experiencing better outcomes compared to non-diabetics. The nadir BPs in
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patients with DM were 131 and 69 mmHg for systolic and DBP, respectively as compared to
142 and 73 mmHg in non-diabetics (Table 5).

When mortality alone was evaluated, non-diabetics appeared to have better survival in the
higher ranges of BPs compared to the diabetic subpopulation (Figure 5, Supplemental Table
4). For the ESRD-only analyses, persons with DM experienced better outcomes in the lower
ranges of BP compared to non-diabetics. However, persons with DM did worse with higher
BPs compared to those without DM (Supplemental Table 5).

Age—The estimated nadirs of BP for mortality/ESRD in age >/=70 years were 140 and 70
mmHg for SBP and DBP, compared with younger individuals whose nadirs were 133 and 76
mmHg. For ESRD risk alone, age <70 group fared better with lower BP ranges compared
with those age >/=70 but were more susceptible with higher BPs (Supplemental Table 5).

Charlson Co-morbidity Index—Compared to a CCI score of 1, the adjusted mortality/
ESRD HR's were 0.43 (0.28,0.65) for CClI score of 0 and 1.49 (1.16,1.92) for CCI scores of
2 or higher. Adjusted mortality/ESRD HRs within individuals with CCI scores of 0, 1, and 2
or higher continued to demonstrate a similar BP curve. Mortality/ESRD HR for those with
CCI 0 were 1.15, 0.49, 1.58, 2.54, 1.52, and 2.29 for SBPs 110-119, 120-129, 140-149,
150-159, 160-169, and >169 mmHg. For CCI 1, the mortality/ESRD HRs were 22.32, 1.64,
0.80, 1.24, 2.40, 7.31, and 9.16 compared to those with CCI 2 or higher, where the
mortality/ESRD HRs were 3.78, 1.72, 1.10, 1.50, 2.44, 3.21, and 5.01 for SBPs <110,
110-119, 120-129, 140-149, 150-159, 160-169, and >169 mmHg, respectively compared to
130-139 mmHg (Supplemental Table 6).

Sensitivity Analyses

Baseline versus Averaged BP—Using single baseline BPs, the multivariable adjusted
HR (95% CI) for ESRD/Mortality compared with SBPs 130-139 mmHg were 1.47 (1.39,
1.55), 1.15 (1.09, 1.21), 1.02 (0.97, 1.07) 1.08 (1.02, 1.14), 1.20 (1.13, 1.28), 1.21 (1.12,
1.31), and 1.52 (1.41, 1.63) for SBPs <110, 110-119, 120-129, 140-149, 150-159, 160-169,
and >169 mmHg, respectively. Mortality alone HRs were 1.74 (1.63, 1.85), 1.27 (1.19,
1.35), 1.06 (1.00,1.12), 1.04 (0.97, 1.11), 1.12 (1.04, 1.21), 1.10 (1.00, 1.21), and 1.28 (1.16,
1.40). ESRD alone HRs were 1.07 (0.98, 1.18), 0.95 (0.87, 1.04), 0.96 (0.88, 1.04), 1.11
(1.02,1.21), 1.27 (1.15, 1.40), 1.39 (1.23, 1.56), and 1.8 (1.64, 2.02) for the same BP ranges.
After removing BPs within 60 days of those who experienced mortality or ESRD event, the
adjusted HR's revealed a similar trend with mortality/ESRD HRs of 3.84 (3.62,4.07), 1.77
(1.71,1.84),1.10 (1.07,1.14), 1.46 (1.40,1.52), 2.36 (2.23,2.49), 3.24 (2.96, 3.54), and 4.72
(4.20,5.31) for SBPs <110, 110-119, 120-129, 140-149, 150-159, 160-169, and >169
mmHg, respectively.

Pre-existing cardiovascular disease—When tested, the interactions between ischemic
heart disease and BP were significant for mortality (p<0.001) and combined mortality/ESRD
(p<0.001). The interaction between cerebrovascular disease and BP were significant for
mortality/ESRD only (p=0.02). The HR for mortality/ESRD outcomes were performed in
those with and without pre-existing ischemic heart disease and also in those with and
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without cerebrovascular disease. Compared to those without cardiovascular disease and SBP
130-139 mmHg, the mortality/ESRD HRs in those with preexisting ischemic heart disease
were 4.19, 2.21, 1.43, 1.36, 2.03, 3.73, 4.38, and 7.69; and in those with pre-existing
cerebrovascular disease, the mortality/ESRD HR were 6.18, 2.33, 1.63, 1.44, 2.06, 2.74,
4.05, and 4.77 for SBPs <110, 110-119, 120-129, 130-139, 140-149, 150-159, 160-169, and
>169 mmHg, respectively (Supplemental Table 7).

CKD—Every 10 mL/min/1.73m? decline in eGFR was associated with a mortality/ESRD
HR of 1.08 (1.07,1.09). Sensitivity analyses were performed after removing individuals with
eGFR<60 ml/min./1.73m? to examine the impact of pre-existing CKD. Essentially similar
associations were observed when the CKD population was removed from the analyses (data
not shown). Less than 1% (2,922) of the population had missing eGFR values. Urine protein
quantitation was not performed or it was unavailable for the majority of the population
(>80%).

Discussion

This observational study of a large diverse cohort of persons with medically treated HTN
demonstrates that achieved BPs in both relatively higher and lower ranges are associated
with worsened risk of mortality and ESRD. We observed a U-shaped curve for the
composite outcome of mortality/ESRD at SBPs >139 and <130 mmHg (Central Illustration).
There were incremental risk increases in both directions. DBPs <60 and >79 similarly had
greater risk. The nadir BPs associated with the best outcome were 137 for systolic and 71 for
diastolic. SBP and ESRD risk alone demonstrated a somewhat J-shaped curve with a lower
risk in the SBP 110-139 range. However, this did not account for the competing risk of
mortality and thus, may be misleading when ESRD alone is evaluated.

Our study population included large numbers of diabetics and individuals age =70 years.
The stratified analyses in both DM and age >/=70 populations demonstrated a similar U-
shaped risk curve. Clinical trials evaluating aggressive BP reduction have focused more on
DM populations, and it has not been clear if those study results would apply to hypertensive
non-diabetics. In our study, patients with DM overall had better outcomes at lower BPs as
compared to non-diabetics, but their optimal BPs were still within the 130-139 mmHg
systolic range.

Historically, lower observed BP has been associated with better survival from vascular
disease and mortality outcomes (3,5). Interventional studies that reduced BP in extreme
HTN populations have demonstrated significant improvement in morbidity and mortality in
both DM and non-diabetics (5-13,35). This has led to large population-based initiatives to
raise awareness about HTN and to implement strategies for HTN control. The emphasis has
been to treat working on the assumption of “the lower the better”. Even as lower has been
observed as better (3), it may not necessarily apply to the “treated” HTN population.

The setting of the ideal BP targets in the HTN population has not been satisfactorily
addressed. While high BP is detrimental, the benefits of treatment have been demonstrated
mostly at achieved SBPs >130 mmHg (5-13,35-37). Aggressive HTN treatment to very low
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BPs may have untoward consequences and at the expense of greater costs on the individual
and the health delivery environment. In fact several studies have suggested worsened
outcomes with relatively lower treated BPs (8,23), while others have suggested that there
may be no proven benefit of treating those with mild HTN unless there is evidence of end
organ damage (38,39). The recent 2014 evidence based guidelines for management of high
blood pressure now suggest higher BP goals and threshold for treatment in those with DM,
CKD, and age =60 years. However, we are unaware of any recommendations cautioning on
thresholds for low treatment BPs.

Our study has several potential limitations that may affect the interpretation of our results.
The achieved BPs may not necessarily reflect the treated goal BPs but instead represent a
biomarker for a sicker population. One example of this limitation is the disproportionate
prevalence of ischemic heart disease across the BP ranges. The tested interactions between
ischemic heart disease and BP demonstrated significance implying that pre-existing
cardiovascular disease may impact the HRs. Nevertheless, in separate analyses of the
populations with and without cardiovascular disease, the HRs across BPs continued to
demonstrate a U-shaped curve. Obesity was also highly prevalent in our population with
43% having a BMI>/=30. Our cohort also demonstrated an obesity paradox similar to that
described in the past in other high-risk populations (41). Obesity had a protective effect
where those who were obese (BMI>/=30) had a mortality/ESRD HR of 0.85 (0.83,0.88).
Furthermore, every BMI increase of 5 was associated with mortality/ESRD HR of 0.87
(0.86,0.89).

Since BP declines toward the end of life (42), the average BP over the observation period
may have confounding effects, as they may reflect the processes that lead to ESRD or death
rather than the actual treated BPs. Indeed, the BPs within 60 days of death were significantly
lower than BPs prior. We did perform several sensitivity analyses to control for such
residual confounding. We used single baseline BP values instead of average BPs over time
but continued to find a similar BP curve. We also performed cox regression analyses, after
excluding BPs within 60 days of mortality or ESRD. However, these sensitivity analyses
cannot account for confounding due to reverse causality where the near end-of-life state may
lead to low BP.

The effect of medication treatment and duration on outcomes is a confounder that cannot be
accounted for in this study. The different medicine classes and the number of medicines may
have had additional pleotropic effects in addition to the BP-lowering effect. There is also
confounding by indication for individuals who received different medicine classes or
numbers of medicines that were not evaluated in our study. Physician bias may have been
another limitation as patients that practitioners identified as more ill may have been seen
more frequently and treated with more aggressive BP approaches. In addition, we were
unable to fully account for variables, such as smoking, diet, and physical activity.

Despite these potential limitations, strengths of our study lie in the large, ethnically diverse,
and gender-balanced HTN population that included large numbers of diabetics and elderly
patients. The clinical encounter information including vital signs, medications, co-
morbidities, and utilization data, were reliably captured for the cohort. In addition, the
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standardized treatment approaches for HTN lessen some of the confounding from
heterogeneity among the individual practitioners.

Conclusions

We found that treated HTN patients with BPs in the range of 130-139 mm Hg systolic and
60-79 mm Hg diastolic experienced the lowest risk for the composite outcome of mortality
and ESRD. Individuals with either higher or lower BPs departing from these ranges were
found to be at greater risk for these outcomes. While current U.S. guidelines emphasize the
upper limits of therapeutic goals (36), the potential dangers of overtreatment may need to be
considered. In the current HTN management environment, both escalation and withdrawal
of medications may be appropriate for optimal outcomes in an HTN population.

Perspectives

Competency in Medical Knowledge

Treatment of hypertension reduces morbidity and mortality, but optimum blood pressure
targets have not been clearly defined.

Competency in Patient Care

Compared to blood pressure ranges of 130-139 mmHg systolic and 60-79 mmHg diastolic,
both higher and lower pressure ranges are associated with worse outcomes in hypertensive
patients on treatment.

Translational Outlook 1

Additional studies are necessary to determine whether the target blood pressure associated
with optimum outcomes varies with the type of antihypertensive therapy employed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaiser Permanente Southern California
3.4 million members
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Figure 1. Kaiser Permanente Southern California Treated Hypertension Study Cohort
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A total of 398,419 hypertensive individuals met inclusion criteria meaning that they were
treated with hypertensive medicines and had documented BPs during the period of follow up

to 12/31/2010.
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Continuous Adjusted HR for Mortality/ESRD
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Figure 2. Continuous Hazard Ratios for Mortality/ESRD across Systolic Blood Pressures
HR for Mortality/ESRD with 95% Confidence Intervals. The nadir SBP associated with the

lowest risk was estimated at 137mmHg. A test on the relationship between the hazard ratios
and quadratic term of the ordered BP levels gave significant result for non-linearity
(p<0.001).
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Figure 3. Continuous Hazard Ratios across Diastolic Blood Pressures
HR for Mortality/ESRD, mortality alone, and ESRD alone with 95% confidence intervals.
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Figure 4. Continuous Hazard Ratios for Mortality and ESRD across Systolic Blood Pressures
HR for Mortality and ESRD with 95% Confidence Intervals
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Figure 5. Continuous Hazard Ratios across Systolic Blood Pressures Stratified by DM Status
Stratified analyses comparing continuous HR in those with and without DM. For the

composite mortality/ESRD outcome, the nadir SBP was 131 in DM and 142mmHG in non
DM.
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Continuous Adjusted
Hazard for Mortality
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Central Illustration: Where are the ideal blood pressures in those treated for hypertension?
Legend: Cubic spline smoothing based on multi variable cox regression analyses

demonstrating mortality/ESRD hazard ratios across ranges of blood pressure. Achieved
systolic blood pressure range 130-139 and diastolic blood pressure range 60-79 mm Hg were
associated with the best outcomes.
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