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Abstract

Background—The ideal blood pressure to lower mortality in non-dialysis dependent chronic
kidney disease (CKD) patients is unclear.
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Objective—To assess the association of blood pressure (defined as the combination of SBP and
DBP at the individual level) with mortality in CKD patients.

Design—Historical cohort during 2005-2012.
Setting—All US Department of Veterans Affairs healthcare facilities.
Patients—651,749 US veterans with CKD.

Measurements—SBP and DBP were examined as all possible combinations of each other in 96
categories (from lowest of <80/<40 mmHg to highest of >210/>120 mmHg, in increments of 10
mmHg). Associations with all-cause mortality were examined in time-dependent Cox models with
adjustment for relevant confounders.

Results—~Patients with blood pressure of 130-159/70-89 mmHg had the lowest adjusted
mortality, and those in whom both SBP and DBP were concomitantly very high or very low had
the highest mortality. Patients with moderately elevated SBP combined with DBP levels no lower
than 70 mmHg experienced consistently lower mortality rates compared to patients with ideal SBP
levels combined with DBP <70 mmHg. Results were consistent in subgroups of patients with
normal and elevated levels of urine microalbumin-creatinine ratio.

Limitations—Mostly male patients, inability to establish causality and large number of patients
missing proteinuria measurement.

Conclusion—The optimal blood pressure in patients with CKD appears to be 130-149/70-89
mmHg. It may not be advantageous to achieve ideal SBP levels at the expense of lower-than-ideal
DBP levels in adults with CKD.

Keywords

chronic kidney disease; blood pressure; mortality

Introduction

Blood pressure is associated with a linearly incremental risk of cardiovascular disease and
death in the general population (1-5). Hypertension treatment guidelines recommend
treating the elevated systolic component of blood pressure without consideration of the
diastolic blood pressure (DBP) (unless it too is elevated) (6). These recommendations could
be problematic in individuals with a low DBP, as excessively low DBP has been correlated
with mortality (7-9). These issues are especially important in chronic kidney disease (CKD)
because these individuals are more likely to have increased vascular stiffness and
atherosclerosis, resulting in higher pulse pressures. In addition, the blood pressure treatment
targets in patients with non-dialysis dependent CKD have been stricter than in the general
population (6;10).

Recent guidelines from the Kidney Disease Improving Global Outcomes (K-DIGO)
initiative advocate a BP treatment target of <140/90 mmHg in patients with CKD who have
no proteinuria, and a stricter target of <130/80 mmHg in patients with microalbuminuria and
macroalbuminuria (11). These targets emphasize the lowering of systolic blood pressure
(SBP), without considering the potential clinical effects of low diastolic pressures. Lower
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systolic guidelines in albuminuric patients will likely result in even lower diastolic pressures
with treatment.

The presence of a J-curve for DBP in this case could negate the benefits of lowering SBP
(12), yet very little is known about the level of DBP in CKD patients that could be regarded
as safe in this context, especially since observational studies examining SBP or DBP
separately may be unable to provide sufficient information about the combined effect of the
two components on clinical outcomes. Previous studies that have examined the association
of SBP and DBP in CKD patients did not include sufficiently large number of patients to
allow for a granular examination of systolic-diastolic combinations in order to inform if
elevated SBP combined with ideal DBP, or ideal SBP combined with low DBP is more
advantageous for survival.

We examined the association of both systolic and diastolic components of blood pressure
with all-cause mortality in a large national cohort of US veterans with non-dialysis
dependent CKD. We assessed the effect of SBP and DBP on mortality separately, and we
also examined the effects of actual blood pressures (i.e. the combination of SBP and DBP
levels at the individual level) in order to determine what levels are associated with the most
optimal outcome.

Cohort definition

The generation of our CKD cohort was described previously (13;14). We used all serum
creatinine measurements obtained in clinical settings in all US Department of Veterans
Affairs (VA) health care facilities between October 1, 2004 and September 30, 2006 from
the VA Decision Support System (DSS) National Data Extracts Laboratory Results file (a
VA-wide database containing select laboratory results obtained in the clinical setting) (15).
GFR was estimated from serum creatinine measurements and demographic characteristics
by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (16). We
identified patients with CKD based on a stable estimated GFR (eGFR) based on a
predefined algorithm and the presence of an elevated spot urine microalbumin/creatinine
ratio (for those with eGFR =60) (17). The algorithm for cohort definition is shown in
Appendix Figure 1. Of a total of 4,381,049 patients with any available eGFR we identified
651,749 patients with non-dialysis dependent CKD, available blood pressure measurements
and sufficient follow-up for survival analysis.

Socio-demographic characteristics, blood pressure, medication use, comorbidities and
laboratory measurements

Data on patients’ age, gender, race and blood pressure was obtained through the VA
Corporate Data Warehouse (CDW). Information on race was complemented with data
obtained from Medicare through the VA-Medicare data merge project (18).

Information about blood pressure, laboratory, and other follow up data were collected from
the date of cohort entry until the end of follow-up (death or April 30, 2012). All blood
pressures measured in the course of clinical practice in all VA facilities from October 1,
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2004 until April 30, 2012 were recorded and grouped by calendar quarters, and their
quarterly-averaged values were used for analyses to reduce random variability. We
identified exposure to antihypertensive medications and lipid lowering agents based on VA
Pharmacy dispensation records (19). Antihypertensive medications were classified
according to their mechanism of action (alpha-, beta- and calcium channel blockers,
angiotensin converting enzyme inhibitors or angiotensin receptor blockers (ACEI/ARB),
and loop- and thiazide-type diuretics). Medication classes used in <5% of participants
(vasodilators, potassium sparing diuretics, combination antihypertensives and others) were
not recorded. Exposure to each medication category was assessed longitudinally between
October 1, 2004- April 30, 2012, by recording the presence or absence of outpatient
dispensations during each calendar quarter.

Data on comorbidities was collected from the VA Inpatient and Outpatient Medical SAS
Datasets (20;21) using International Classification of Diseases, Ninth Revision (ICD-9)
diagnostic and procedure codes and Current Procedural Terminology codes recorded from
October 1, 2004 until September 30, 2006. Prevalent coronary artery disease (CAD) was
defined as the presence of diagnostic codes for coronary artery disease, angina or
myocardial infarction, or procedure codes for percutaneous coronary interventions or
coronary artery bypass grafting. We calculated the Charlson comorbidity index using the
Deyo-maodification for administrative datasets, without including kidney disease (22). Data
on laboratory variables was collected between October 1, 2004- April 30, 2012 by using the
DSS National Data Extracts Laboratory Results file (15). To minimize random variability all
available laboratory values were grouped by calendar quarters, and their quarterly-averaged
values were used in analyses.

Statistical analyses

Descriptive analyses were performed and skewed variables were log-transformed. Data
points were missing for race (1.5%), serum cholesterol (4.4%) and urine microalbumin-
creatinine ratio (UACR, 80%). Due to the high degree of missingness for the latter variable,
UACR was not included in the main multivariable models, and models including UACR
were treated as exploratory analyses. There were a total of 624,746 patients (95.9% of the
total study population) with complete data available for the fully adjusted main
multivariable models. Missing values in this model were not imputed due to their relatively
small proportion.

The start of the follow-up period was the date of the first available blood pressure
measurement after October 1, 2004. Patients were followed until death or were censored at
the date of the last health care or administrative VA encounter, as documented in the VA
Vital Status Files (VSF; a registry containing dates of death or last medical/administrative
encounter from all available sources in the VA system). The sensitivity and specificity of the
VSF using the US National Death index as gold standard were found to be 98.3% and 99.8%
respectively (23).

Blood pressure was examined separately as SBP and DBP; due to previous studies
suggesting a non-linear association with mortality for these variables (24;25) they were
treated as continuous variables and analyzed using restricted cubic splines with two knots at
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the 33 and 66" percentile values for SBP (126 and 139 mmHg) and DBP (66 and 76
mmHg), using the “uvrs” command in Stata (26). In order to better characterize the role of
actual blood pressure levels (i.e., the combination of SBP and DBP levels in any individual)
we first categorized blood pressure levels according to the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7): normal (SBP <120 and DBP <80), pre-hypertension (SBP 120-139 or
DBP 80-89, whichever is higher), stage 1 hypertension (SBP 140-159 or DBP 90-99,
whichever is higher) and stage 2 hypertension (SBP =160 mmHg or DBP =100 mmHg,
whichever is higher). The JNC 7 categorization is defined by the presence of a high SBP or
DBP, hence these categories may not accurately represent the effects of low levels of SBP or
DBP that may be combined with high levels of their counterparts. In order to assess
associations of actual BP levels that equally account for the effects of various combinations
of high, normal or low SBP and DBP levels we categorized patients by mutually exclusive
combinations of 15 SBP categories (<80 through =210 mmHg in 10 mmHg increments) and
10 DBP categories (<40 through =120 mmHg in 10 mmHg increments); of these 150
possible categories we examined in our analyses 96 categories that included at least 500
patients each.

The association of blood pressure levels with all-cause mortality was examined in time-
dependent Cox models, with adjustment for potential confounders. Variables were included
in multivariable models if they could be considered confounders (27) based on theoretical
considerations. Associations were examined sequentially in models with incremental
multivariable adjustments: unadjusted (Model 1), age, gender and race (Model 2), model 2
plus comorbid conditions (diabetes, CAD, heart failure (HF), cerebrovascular disease and
Charlson comorbidity index) (Model 3), model 3 plus medications (ACEI/ARB, alpha-,
beta- and calcium channel blockers, loop and thiazide diuretics, and cholesterol lowering
agents) (Model 4) and model 4 plus eGFR and blood cholesterol (Model 5). Longitudinal
data such as blood pressures, medications and laboratory variables were evaluated as time-
dependent variables in Cox models.

We also examined the association of blood pressure with mortality in subgroups of patients
categorized by sociodemographic characteristics, presence or absence of key comorbid
conditions, their level of baseline kidney function and the presence or absence of
microalbuminuria and the use of any antihypertensive medication throughout the follow-up
period. Sensitivity analyses were performed using only baseline values for blood pressure,
laboratory variables and medication use. Statistical analyses were performed using STATA
MP version 11 (STATA Corporation, College Station, TX). The study protocol was
approved by the Research and Development Committee at the Memphis VAMC.

Role of the Funding Source

This study was supported by grant 1R01DK078106-01 to CPK and KKZ and by the
Department of Veterans Affairs. The funding sources had no role in the design, conduct or
reporting of the study.
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Baseline characteristics overall and in patients categorized by their INC 7 hypertension
categories are shown in Table 1. The mean+SD age of the cohort at baseline was 73.8+9.7
years, 88% and 10% of patients were white and black, respectively, 43% were diabetic, and
the mean estimated GFR (eGFR) was 50.4+14.4 ml/min/1.73m2. There were a total of total
18,545,929 blood pressure measurements (median 15/patient, IQR 7-32).The mean£SD
baseline SBP and DBP were 135+18 and 72+11, respectively, and 62% of patients had a
blood pressure <140/90 mmHg. Patients with higher blood pressure were more likely to be
black and diabetic and less likely to have HF and cardiovascular disease, were more likely to
use antihypertensive medications except for loop diuretics, and had higher blood cholesterol
and UACR levels. A total of 211,635 patients (32.5% of the entire cohort) had an SBP>140
accompanied by DBP<70 at least once during follow-up. Patients with this BP pattern were
older (76.0+8.2 vs. 72.8+10.2 years) and were more likely to be diabetic (52 vs. 39%).

A total of 238,640 patients died (mortality rate: 73.5/1000 patient-years, 95% confidence
interval [CI]: 73.2-73.8) during a median follow-up of 5.8 years. When analyzed separately
the association of both SBP and DBP with mortality was U-shaped, with both lower and
higher levels showing a significant association with higher mortality even after multivariable
adjustment in time dependent analyses (Figure 1 panels A and B) and in analyses using only
baseline values of all variables (Appendix Figure 2). The best outcomes were associated
with SBP levels of ~140-160 mmHg and DBP levels of ~80-90 mmHg.

Among patients categorized according to JNC 7 blood pressure categories those with stage 1
hypertension (SBP 140-159 or DBP 90-99 mmHg) had the lowest mortality and those with
SBP <120 and DBP <80 had the highest mortality independent of confounders (Table 2).
Associations remained essentially the same after additional adjustment for UACR (hazard
ratios, 95%CI associated with categories of SBP<120&DBP<80, and stage 1 and stage 2
hypertension, compared to prehypertension: 1.49 (1.46-1.53), 0.92 (0.89-0.94) and 0.98
(0.94-1.03)). When examining the same associations in pre-defined subgroups of patients a
similar pattern was present for all subgroups (including patient with and without diabetes
mellitus, and patients with various levels of estimated GFR and UACR), except for younger
patients (in whom prehypertension was associated with the lowest mortality), in patients
with HF (in whom stage 2 hypertension was associated with the lowest mortality) and in
patients who were never treated with antihypertensive medications (in whom
prehypertension was associated with the lowest, and stage 2 hypertension with the highest
mortality) (Figure 2).

Table 3 shows the unadjusted and multivariable adjusted hazard ratios associated with 96
mutually exclusive combinations of SBP and DBP categories. In crude and adjusted
analyses blood pressures of 130-139/90-99 and 130-159/70-89 mmHg, respectively were
associated with the lowest mortality. Combinations of lower SBP and lower DBP (i.e.
comparing cells diagonally in Table 3) were associated with relatively lower mortality only
if the lower DBP component was above approximately 70 mmHg. Below this DBP level
lower BP levels were associated with higher mortality and SBP levels <120 mmHg were
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associated with higher mortality irrespective of the level of the accompanying DBP
component.

Discussion

In this investigation of the association of SBP/DBP combinations with all-cause mortality in
a national cohort of US veterans with CKD, we found that categories of lower SBP/DBP
combinations are associated with lower mortality only as long as the DBP component
remains above a threshold of approximately 70 mmHg, and that patients with BP values in
the range of 130-159/70-89 mmHg had the lowest mortality. Patients who might be
considered to have “ideal” blood pressure (<130/80) actually had increased mortality due to
the inclusion of individuals with low systolic and diastolic blood pressures. Patients with
stage 1 hypertension actually experienced the lowest mortality. These associations were
consistent in diabetic and non-diabetic patients and in patients with or without
microalbuminuria.

The association of lower blood pressure with increased mortality has been previously
described repeatedly in dialysis patients (7;28-32). In non-dialysis dependent CKD patients
a post-hoc analysis of the Irbesartan Diabetic Nephropathy Trial (33) and two smaller single
center studies (24;25) have described J-shaped associations of blood pressure with mortality.
Similar J-curve phenomena have been described in the elderly (34), and in patients with pre-
existing coronary artery disease (35;36). Interestingly, low DBP has recently also been
shown to be a risk factor for ESRD (37). While these studies showed the relationship
between low diastolic blood pressures and survival, they did not examine the large group of
patients with both a high systolic blood pressure and a low DBP. The critical role of low
DBP in limiting the benefits of treating elevated SBP was shown in a post-hoc analysis of
the Systolic Hypertension in the Elderly Program (SHEP), in which an achieved DBP below
60 mmHg was associated with increased stroke risk (12). A consistent J-curve for cardiac
events and DBP was also apparent in a meta-analysis of antihypertensive trials (38). To the
best of our knowledge (including after a structured Medline search) our study is the first to
examine the mortality risk associated with discrete combinations of granular SBP/DBP
categories.

Current treatment paradigms primarily emphasize the higher of the two components of
blood pressure (SBP and DBP), based on the assumption that only elevated blood pressure
levels are deleterious. Under circumstances when this assumption may not hold (like in the
case of our study population) such categorization ignores the potential negative effects of
low levels of either SBP or DBP that are linked with their normal or elevated counterparts.

An especially problematic blood pressure pattern is the one where an elevated SBP
combines with a low DBP, which is common in patients with CKD (39;40). Aside from the
recognition that the high pulse pressure seen with this blood pressure pattern is associated
with elevated mortality (7-9), a particularly vexing practical issue is to determine if
lowering the blood pressure in such individuals is beneficial through achieving an SBP
associated with a lower mortality, or detrimental through concomitantly inducing an even
lower DBP that is associated with higher mortality (12). Nearly one-third (32.5%) of the
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patients in this cohort had a SBP >140 and diastolic <70 mm Hg at some point during the
observation period. Our granular analyses of blood pressure categories indicated that
categories of lower SBP/DBP combinations are associated with lower mortality only as long
as the DBP component remains above a threshold of approximately 70 mmHg.

These data may indicate that lowering SBP towards the strict limits recommended by current
guidelines (SBP <130 mmHg or even lower in patients with CKD (6;10;11)) at the expense
of lowering DBP below approximately70 mmHg may be deleterious, but the observational
nature of these results limits their interpretability. Therefore, randomized trials are needed to
clarify the optimal BP treatment goals in patient with CKD. In the general hypertensive
population, trials have demonstrated reduction in cardiovascular events with BP goals of
<150 mmHg systolic or <90 mm Hg diastolic. Conversely, a recent large clinical trial of
strict blood pressure control in high-risk diabetics has failed to show a reduction in
cardiovascular outcomes (41;42), and three trials in CKD have failed to prove that
substantially lower BP goals (consistent with <130/80 mmHg) significantly reduce major
renal outcomes (43-45). The NIH-sponsored Systolic Blood Pressure Intervention Trial
(SPRINT) has been initiated to examine whether a SBP goal <120 mmHg will reduce
cardiovascular and renal events compared with a SBP goal of <140 mmHg in high-risk
persons with SBP =130 mmHg, including many with eGFR 20-59 ml/min
(ClinicalTrials.gov number NCT01206062, www.sprinttrial.org).

The J-shaped association of blood pressure with outcomes could be caused by compromised
blood flow to vital organs (especially low diastolic blood pressure compromising coronary
perfusion), or it could be a result of confounding by the presence of stiff arteries, or the high
comorbidity-burden (e.g., HF (46)) characteristic of populations with this association
pattern. It is possible that all three mechanisms could play a role in the associations observed
in our study. Our results would suggest that further analyses should be carried out in past
and future blood pressure treatment trials to determine if active intervention improves
survival in individuals with low diastolic blood pressures.

Our study is notable for its large size and its representativeness of the entire US veteran
population. Our study also needs to be interpreted with the recognition of its shortcomings.
Since this was an observational study, only associations, but no cause-effect relationships
can be established from it. Specifically, we cannot conclude that the mortality risk
associated with various blood pressure levels in our study is equivalent to the risk imparted
by the same blood pressure levels when they occur as a result of antihypertensive
interventions in clinical practice. Our cohort consisted of US veterans who were almost
exclusively men; hence our findings may not apply to women or to the general population.
We tried to account for several potential confounding risk factors, but residual confounders
could remain present. We have explored the role of microalbuminuria in the associations
between BP and mortality, but due to the relatively low proportion of patients with available
UACR measurements in our cohort we regard these results as exploratory, and they would
need to be confirmed in other studies. We used time-dependent analyses to account for
temporal changes in blood pressure and in various confounders such as medication use and
kidney function. Longitudinal changes in blood pressure and kidney function could be both
causes and consequences of each other, which are difficult to discern using standard
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analytical techniques. Nevertheless, kidney function did not appear to modify the association
of blood pressure with mortality in any of the models, including those using exclusively
baseline data. Since the BP levels reported in usual clinical settings, including Department
of Veterans Affairs clinics (47), often overestimate BP by 5-10 mmHg compared with
research-quality BP measurements, it is possible that the BP ranges we report would be
lower if BP determinations were taken more accurately.

We describe a J-shaped association between SBP and DBP and all-cause mortality in
patients with non-dialysis dependent CKD. The combination of low SBP and low DBP is
associated with the highest mortality in this population. In addition, DBP levels below
approximately 70 mmHg appear to confer increased mortality even in patients with
moderately high SBP. Clinical trials are needed to inform us about the ideal blood pressure
levels to be targeted by antihypertensive therapy in patients with CKD. Until such trials
become available it is prudent to regard low blood pressures as potentially deleterious in this
patient population, and we suggest caution in lowering BP to levels below what has been
demonstrated to be beneficial in randomized controlled trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

CPK and WCC are employees of the Department of Veterans Affairs. Opinions expressed in this paper are those of
the authors’ and do not necessarily represent the opinion of the Department of Veterans Affairs.

Funding source:

This study is supported by grant 1R01DK078106-01 to CPK and KKZ and by the Department of VVeterans Affairs.

Reference List

1. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual blood
pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61
prospective studies. Lancet. 2002; 360(9349):1903-1913. [PubMed: 12493255]

2. Whelton PK, He J, Appel LJ, Cutler JA, Havas S, Kotchen TA, et al. Primary prevention of
hypertension: clinical and public health advisory from The National High Blood Pressure Education
Program. JAMA. 2002; 288(15):1882-1888. [PubMed: 12377087]

3. Gasowski J, Fagard RH, Staessen JA, Grodzicki T, Pocock S, Boutitie F, et al. Pulsatile blood
pressure component as predictor of mortality in hypertension: a meta-analysis of clinical trial
control groups. J Hypertens. 2002; 20(1):145-151. [PubMed: 11791038]

4. van den Hoogen PC, Feskens EJ, Nagelkerke NJ, Menotti A, Nissinen A, Kromhout D. The relation
between blood pressure and mortality due to coronary heart disease among men in different parts of
the world. Seven Countries Study Research Group. N Engl J Med. 2000; 342(1):1-8. [PubMed:
10620642]

5. Vasan RS, Larson MG, Leip EP, Evans JC, O'Donnell CJ, Kannel WB, et al. Impact of high-normal
blood pressure on the risk of cardiovascular disease. N Engl J Med. 2001; 345(18):1291-1297.
[PubMed: 11794147]

. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr. et al. Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. Hypertension. 2003; 42(6):1206-1252. [PubMed: 14656957]

(2]

Ann Intern Med. Author manuscript; available in PMC 2014 September 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kovesdy et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 10

. Klassen PS, Lowrie EG, Reddan DN, DeLong ER, Coladonato JA, Szczech LA, et al. Association

between pulse pressure and mortality in patients undergoing maintenance hemodialysis. JAMA.
2002; 287(12):1548-1555. [PubMed: 11911757]

. Kannel WB, Wilson PW, Nam BH, D'Agostino RB, Li J. A likely explanation for the J-curve of

blood pressure cardiovascular risk. Am J Cardiol. 2004; 94(3):380-384. [PubMed: 15276113]

. Domanski M, Mitchell G, Pfeffer M, Neaton JD, Norman J, Svendsen K, et al. Pulse pressure and

cardiovascular disease-related mortality: follow-up study of the Multiple Risk Factor Intervention
Trial (MRFIT). JAMA. 2002; 287(20):2677-2683. [PubMed: 12020303]

. K/IDOQI clinical practice guidelines on hypertension and antihypertensive agents in chronic kidney
disease. Am J Kidney Dis. 2004; 43(5 Suppl 1):S1-S290. [PubMed: 15114537]

KDIGO Clinical Practice Guideline for the Management of Blood Pressure in Chronic Kidney
Disease. Kidney Int Suppl. 2012; 2(5):337-414.

Somes GW, Pahor M, Shorr RI, Cushman WC, Applegate WB. The role of diastolic blood pressure
when treating isolated systolic hypertension. Arch Intern Med. 1999; 159(17):2004-2009.
[PubMed: 10510985]

Kovesdy CP, Lott EH, Lu JL, Malakauskas SM, Ma JZ, Molnar MZ, et al. Hyponatremia,
hypernatremia, and mortality in patients with chronic kidney disease with and without congestive
heart failure. Circulation. 2012; 125(5):677-684. [PubMed: 22223429]

Kovesdy CP, Lott EH, Lu JL, Malakauskas SM, Ma JZ, Molnar MZ, et al. Outcomes associated
with microalbuminuria: effect modification by chronic kidney disease. J Am Coll Cardiol. 2013;
61(15):1626-1633. [PubMed: 23500283]

VIReC Research User Guide: Veterans Health Administration Decision Support System Clinical
National Data Extracts. 2nd Edition.. Hines, IL: U.S. Dept. of Veterans Affairs, Health Services
Research and Development Service, VA Information Resource Center; 2009.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF I1l. Feldman HlI, et al. A new equation
to estimate glomerular filtration rate. Ann Intern Med. 2009; 150(9):604-612. [PubMed:
19414839]

K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis. 2002; 39(2 Suppl 1):S1-S266. [PubMed: 11904577]

US Department of Veterans Affairs VA Information Resource Center Data Quality Update. Race.
2009

US Department of Veterans Affairs, VA Information Resource Center (VIReC). VHA Pharmacy
Prescription Data. 2nd Edition. Hines, IL: VIReC; 2008. VIReC Research User Guide.

VIReC Research User Guide; VHA Medical SAS Inpatient Datasets FY2006. Hines, IL: U.S.
Department of Veterans Affairs. VA Information Resource Center 2007; 2007.

VIReC Research User Guide; VHA Medical SAS Outpatient Datasets FY2006. Hines, IL: U.S.
Department of Veterans Affairs. VA Information Resource Center 2007; 2007.

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM
administrative databases. J Clin Epidemiol. 1992; 45(6):613-619. [PubMed: 1607900]

Arnold, N.; Sohn, M.; Maynard, C.; Hynes, DM. VIReC Technical Report 2: VA-NDI 407
Mortality Data Merge Project. Edward Hines, Jr.VA Hospital. Hines, IL: VA Information
ResourceCenter; 2006.

Agarwal R. Blood pressure components and the risk for end-stage renal disease and death in
chronic kidney disease. Clin J Am Soc Nephrol. 2009; 4(4):830-837. [PubMed: 19339424]
Kovesdy CP, Trivedi BK, Kalantar-Zadeh K, Anderson JE. Association of low blood pressure with
increased mortality in patients with moderate to severe chronic kidney disease. Nephrol Dial
Transplant. 2006; 21(5):1257-1262. [PubMed: 16421161]

Royston P, Sauerbrei W. Multivariable modeling using cubic regression splines: a principled
approach. Stata Journal. 2007; 7(1):45-70.

Thadhani R, Tonelli M. Cohort studies: marching forward. Clin J Am Soc Nephrol. 2006; 1(5):
1117-1123. [PubMed: 17699334]

Duranti E, Imperiali P, Sasdelli M. Is hypertension a mortality risk factor in dialysis? Kidney Int
Suppl. 1996; 55:5173-S174. [PubMed: 8743547]

Ann Intern Med. Author manuscript; available in PMC 2014 September 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kovesdy et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 11

Fleischmann EH, Bower JD, Salahudeen AK. Risk factor paradox in hemodialysis: better nutrition
as a partial explanation. ASAIO J. 2001; 47(1):74-81. [PubMed: 11199320]

Iseki K, Miyasato F, Tokuyama K, Nishime K, Uehara H, Shiohira Y, et al. Low diastolic blood
pressure, hypoalbuminemia, and risk of death in a cohort of chronic hemodialysis patients. Kidney
Int. 1997; 51(4):1212-1217. [PubMed: 9083288]

Port FK, Hulbert-Shearon TE, Wolfe RA, Bloembergen WE, Golper TA, Agodoa LY, et al.
Predialysis blood pressure and mortality risk in a national sample of maintenance hemodialysis
patients. Am J Kidney Dis. 1999; 33(3):507-517. [PubMed: 10070915]

Zager PG, Nikolic J, Brown RH, Campbell MA, Hunt WC, Peterson D, et al. "U" curve association
of blood pressure and mortality in hemodialysis patients. Medical Directors of Dialysis Clinic, Inc.
Kidney Int. 1998; 54(2):561-569. [PubMed: 9690224]

Berl T, Hunsicker LG, Lewis JB, Pfeffer MA, Porush JG, Rouleau JL, et al. Impact of achieved
blood pressure on cardiovascular outcomes in the Irbesartan Diabetic Nephropathy Trial. J Am
Soc Nephrol. 2005; 16(7):2170-2179. [PubMed: 15930097]

Greenberg JA. Removing confounders from the relationship between mortality risk and systolic
blood pressure at low and moderately increased systolic blood pressure. J Hypertens. 2003; 21(1):
49-56. [PubMed: 12544435]

Bangalore S, Messerli FH, Wun CC, Zuckerman AL, DeMicco D, Kostis JB, et al. J-curve
revisited: An analysis of blood pressure and cardiovascular events in the Treating to New Targets
(TNT) Trial. Eur Heart J. 2010; 31(23):2897-2908. [PubMed: 20846991]

Messerli FH, Mancia G, Conti CR, Hewkin AC, Kupfer S, Champion A, et al. Dogma disputed:
can aggressively lowering blood pressure in hypertensive patients with coronary artery disease be
dangerous? Ann Intern Med. 2006; 144(12):884-893. [PubMed: 16785477]

Peralta CA, Norris KC, Li S, Chang TI, Tamura MK, Jolly SE, et al. Blood pressure components
and end-stage renal disease in persons with chronic kidney disease: the Kidney Early Evaluation
Program (KEEP). Arch Intern Med. 2012; 172(1):41-47. [PubMed: 22232147]

Farnett L, Mulrow CD, Linn WD, Lucey CR, Tuley MR. The J-curve phenomenon and the
treatment of hypertension. Is there a point beyond which pressure reduction is dangerous? JAMA.
1991; 265(4):489-495.

Plantinga LC, Miller ER I11. Stevens LA, Saran R, Messer K, Flowers N, et al. Blood pressure
control among persons without and with chronic kidney disease: US trends and risk factors 1999—
2006. Hypertension. 2009; 54(1):47-56. [PubMed: 19470881]

Peralta CA, Shlipak MG, Wassel-Fyr C, Bosworth H, Hoffman B, Martins S, et al. Association of
antihypertensive therapy and diastolic hypotension in chronic kidney disease. Hypertension. 2007;
50(3):474-480. [PubMed: 17664397]

Barzilay JI, Howard AG, Evans GW, Fleg JL, Cohen RM, Booth GL, et al. Intensive blood
pressure treatment does not improve cardiovascular outcomes in centrally obese hypertensive
individuals with diabetes: the Action to Control Cardiovascular Risk in Diabetes (ACCORD)
Blood Pressure Trial. Diabetes Care. 2012; 35(7):1401-1405. [PubMed: 22723577]

Cushman WC, Evans GW, Byington RP, Goff DC Jr. Grimm RH Jr. Cutler JA, et al. Effects of
intensive blood-pressure control in type 2 diabetes mellitus. N Engl J Med. 2010; 362(17):1575—
1585. [PubMed: 20228401]

Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW, et al. The effects of dietary
protein restriction and blood-pressure control on the progression of chronic renal disease.
Modification of Diet in Renal Disease Study Group. N Engl J Med. 1994; 330(13):877-884.
[PubMed: 8114857]

Wright JT Jr. Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J, et al. Effect of blood
pressure lowering and antihypertensive drug class on progression of hypertensive kidney disease:
results from the AASK trial. JAMA. 2002; 288(19):2421-2431. [PubMed: 12435255]
Ruggenenti P, Perna A, Loriga G, Ganeva M, Ene-lordache B, Turturro M, et al. Blood-pressure
control for renoprotection in patients with non-diabetic chronic renal disease (REIN-2):
multicentre, randomised controlled trial. Lancet. 2005; 365(9463):939-946. [PubMed: 15766995]
Busby WJ, Campbell AJ, Robertson MC. Is low blood pressure in elderly people just a
consequence of heart disease and frailty? Age Ageing. 1994; 23(1):69-74. [PubMed: 8010177]

Ann Intern Med. Author manuscript; available in PMC 2014 September 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kovesdy et al.

Page 12

47. Kim JW, Bosworth HB, Voils CI, Olsen M, Dudley T, Gribbin M, et al. How well do clinic-based
blood pressure measurements agree with the mercury standard? J Gen Intern Med. 2005; 20(7):
647-649. [PubMed: 16050862]

Ann Intern Med. Author manuscript; available in PMC 2014 September 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kovesdy et al.

Relative hazard mortality

15

10

fi

Page 13

60

80

100 120 140 160180 200 220 240 260 280 20 40 B0 8o 100 120
SBP DBEP

Figure 1.
Multivariable adjusted relative hazards (hazard ratios, 95% confidence intervals) of all-cause

mortality associated with systolic blood pressure (Panel A) and diastolic blood pressure
(Panel B) levels relative to a hypothetical patient with the mean level of time-varying SBP
(133 mmHg) and DBP (71 mmHg), respectively, in time-dependent Cox models using
restricted cubic splines, adjusted for age, gender, race, diabetes mellitus, cardiovascular and
cerebrovascular disease, heart failure, the Charlson comorbidity index, medications
(angiotensin converting enzyme inhibitors/angiotensin receptor blockers, alpha-, beta- and
calcium channel blockers, loop and thiazide diuretics, and cholesterol lowering agents),
estimated glomerular filtration rate and blood cholesterol.

SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Figure 2.
Forest plot of the multivariable adjusted mortality hazard ratios (95% confidence intervals)

associated with blood pressure categories defined according to cutoffs established by the
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. The group with systolic blood pressure <120 mmHg and
diastolic blood pressure <80 mmHg served as referent. Estimates are from time-dependent
Cox models adjusted for age, gender, race, diabetes mellitus, cardiovascular and
cerebrovascular disease, heart failure, the Charlson comorbidity index, medications
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(angiotensin converting enzyme inhibitors/angiotensin receptor blockers, alpha-, beta- and
calcium channel blockers, loop and thiazide diuretics, and cholesterol lowering agents),
estimated glomerular filtration rate and blood cholesterol.

CHF, chronic heart failure; CAD, coronary artery disease; eGFR, estimated glomerular
filtration rate; UACR, urine microalbumin creatinine ratio
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Table 2

HRs of All-Cause Mortality Associated With Hypertension Categories”

Model HR (95% CI)

Patients With SBP <120 Patients With SBP of 120- Patients With SBP of 140-159 Patients With SBP =160
mm Hg and 139 mm mm Hg mm Hg or DBP 2100 mm
DBP <80 mm Hg Hg or DBP of 80-89 mm Hg or DBP of 90-99 mm Hg Hg

1.62 (1.61-1.64)

1.00 (reference)

0.94 (0.93-0.95)

1.08 (1.06-1.10)

1.59 (1.58-1.61)

1.00 (reference)

0.93 (0.92-0.95)

1.04 (1.02-1.06)

1.48 (1.46-1.49)

1.00 (reference)

0.94 (0.93-0.95)

1.06 (1.04-1.07)

1.44 (1.42-1.45)

1.00 (reference)

0.95 (0.94-0.96)

1.05 (1.03-1.07)

aalbrlw ]|

1.42 (1.41-1.43)

1.00 (reference)

0.95 (0.94-0.96)

1.05 (1.03-1.07)

DBP = diastolic blood pressure; HR = hazard ratio; SBP = systolic blood pressure.

*

Categories were defined according to mutually exclusive cutoffs established by the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure associations, based on the concomitant presence of SBP and DBP in each
person. Associations were examined in time-dependent Cox models. All comparisons were significant at P <0.001.

TModels represent unadjusted association (model 1) and associations after adjustment for age, sex, and race (model 2); model 2 variables plus
diabetes mellitus, cardiovascular and cerebrovascular disease, chronic heart failure, Charlson Comorbidity Index scores (model 3); model 3
variables plus medication use (angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers; a-blockers, -blockers, and calcium-
channel blockers; loop and thiazide diuretics; and cholesterol-lowering agents) (model 4); and model 4 variables plus estimated glomerular
filtration rates and blood cholesterol levels (model 5).
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