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Article

Age and Outcomes Associated with BP in Patients with
Incident CKD

Csaba P. Kovesdy,*" Ahmed Alrifai,* Elvira O. Gosmanova,® jun Ling Lu,* Robert B. Canada,* Barry M. Wall,*'
Adriana M. Hung!" Miklos Z. Molnar,* and Kamyar Kalantar-Zadeh**

Abstract
Background and objectives Hypertension is the most important treatable risk factor for cardiovascular outcomes.
Many patients with CKD are elderly, but the ideal BP in these individuals is unknown.

Design, setting, participants, & measurements From among 339,887 patients with incident eGFR<60 ml/min per
1.73 m?, we examined associations of systolic BP (SBP) and diastolic BP (DBP) with all-cause mortality, incident
coronary heart disease (CHD), ischemic strokes, and ESRD from the time of developing CKD until the end of
follow-up (July 26, 2013, for mortality, CHD, and stroke, and December 31, 2011, for ESRD) in multivariable-
adjusted survival models categorized by patients” age.

Results Of the total cohort, 300,424 (88%) had complete data for multivariable analysis. Both SBP and DBP
showed a U-shaped association with mortality. SBP displayed a linear association with CHD, stroke, and ESRD,
whereas DBP showed no consistent association with either. SBP>140 mmHg was associated with higher in-
cidence of all examined outcomes, but with an incremental attenuation of the observed risk in older compared
with younger patients (P<0.05 for interaction) The adjusted hazard ratios and 95% confidence intervals asso-
ciated with SBP=170 mmHg (compared with 130-139 mmHg) in patients <50, 50-59, 6069, 70-79, and =80
years were 1.95 (1.34 to 2.84), 2.01 (1.75 to 2.30), 1.68 (1.49 to 1.89), 1.39 (1.25 to 1.54), and 1.30 (1.17 to 1.44),
respectively. The risk of incident CHD, stroke, and ESRD was incrementally higher with higher SBP in patients
aged <80 years but showed no consistent association in those aged =80 years (P<0.05 for interaction for all

outcomes).

Conclusions In veterans with incident CKD, SBP showed different associations in older versus younger patients.
The association of higher SBP with adverse outcomes was present but markedly reduced in older individuals,
especially in those aged =80 years. Elevated DBP showed no consistent association with vascular outcomes in

patients with incident CKD.

Clin ] Am Soc Nephrol 11: 821-831, 2016. doi: 10.2215/CJN.08660815

Introduction
Hypertension is the number one cardiovascular risk
factor (1), yet its control rates remain suboptimal (2).
Hypertension is especially common in the elderly (3).
Observational studies examining the effects of BP in
elderly offer conflicting evidence. Some indicate lin-
early worse outcomes with higher BP (4), whereas
others suggest that BP has a J-shaped association
with outcomes (5-8) and that high BP has a dimin-
ished or reversed association with adverse outcomes
in elderly patients. Clinical trials offer some indication
that treating elevated BP to moderately low levels
may decrease cardiovascular events in very old indi-
viduals (9,10), but it remains unclear whether using
even stricter targets is beneficial (11,12). The 2014 re-
port from the panel members appointed to the Eighth
Joint National Committee recommended less stringent
BP treatment in patients >60 years of age and without
diabetes or CKD (13). More recently, the Systolic
Blood Pressure Intervention Trial (SPRINT) showed

www.cjasn.org Vol 11 May, 2016

lower mortality in patients at high cardiovascular
risk, including those with mild-to-moderate CKD
(14). Although these results offer much-needed evi-
dence for lowering elevated BP toward more stringent
targets, the limited external validity of clinical trials
will make it difficult to apply SPRINT results to pa-
tients with characteristics different from those of
SPRINT participants, such as the very old or those
with advanced CKD. Furthermore, the safety of SBP
even lower than that used in SPRINT remains unclear.

Patients with CKD are at high risk for the adverse
effects of high BP, but most patients with CKD are
older and may also be more sensitive to the adverse
effects of low BP than individuals with normal kidney
function (15-19). Therefore, it would be important to
consider age as a factor influencing decisions about
BP therapy in patients with CKD. However, despite
compelling theoretical consideration, there is no clear
evidence to inform about the ideal BP in elderly pa-
tients with CKD.
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We examined the association of systolic BP (SBP) and
diastolic BP (DBP) with all-cause mortality and incidence of
CHD, ischemic stroke, and ESRD in 339,887 United States
veterans with incident CKD, and we hypothesized that the
patients” age would significantly modify the association of
BP with these outcomes.

Materials and Methods
Study Design and Participants

Analyses were conducted in a historic cohort study
examining risk factors in patients with incident CKD
(Racial and Cardiovascular Risk Anomalies in CKD study).
Details on cohort definition were previously published (20—
22). Briefly, the parent cohort consisted of 3,582,478 pa-
tients with eGFR=60 ml/min per 1.73 m?, based on serum
creatinine measurements performed from October 1, 2004,
to September 30, 2006. Our analytic sample for this study
consisted of 339,887 patients who, during a median follow-
up of 7.6 years after the first eGFR measurement from
October 1, 2004, to September 30, 2006, developed incident
CKD stages 3A-5 (Supplemental Figure 1), defined as two
eGFR values of <60 ml/min per 1.73 m? and a decrease
of =25% from baseline eGFR (23). The Research and De-
velopment Committees at the Memphis and Long Beach
Veterans Affairs (VA) Medical Centers approved the study
protocol.

Sociodemographic Characteristics and Comorbidities

Baseline variables were determined at the date of cohort
entry (defined as the date of the eGFR value used to
diagnose incident CKD). Information about baseline char-
acteristics was obtained from various national VA research
data files, as previously described (24-26). We grouped
patients into five mutually exclusive categories based on
their baseline age (<50, 50-59, 60-69, 70-79, and =80 years).
Race was determined by combining information from VA
and Medicare sources (27,28). Comorbidities and clinical
events were assessed using International Classification of
Diseases, Ninth Revision (ICD-9) and Common Procedural
Terminology codes (Supplemental Material). We calculated
the Charlson comorbidity index (CCI) using the Deyo
modification for administrative datasets, without includ-
ing kidney disease (29), and categorized patients accord-
ing to the presence or absence of comorbidities besides
CKD and hypertension (CCI <1 versus =1). In an attempt
to examine frailty, we identified patients who lost weight,
defined as the presence of weight loss >5% during the
12 months leading up to cohort entry or a baseline body
mass index (BMI) <18.5 kg/m? (30).

BP and Medication Use

Baseline BP was defined as the average of all outpatient
BP measurements during the first 90 days following cohort
entry. SBP and DBP were categorized into nine and six groups,
respectively (SBP, <100 to =170 mmHg in 10-mmHg incre-
ments; DBP, <50 to =90 mmHg in 10-mmHg increments).
Exposure to the number of antihypertensive classes used
at baseline was assessed from VA pharmacy records and
categorized as none versus one to two versus three or
more drugs.

Outcomes

Outcomes of interest were all-cause mortality, incident
coronary heart disease (CHD), incident ischemic strokes,
and ESRD. Deaths were identified from the VA Vital Status
Files, the sensitivity and specificity of which are 98.3% and
99.8%, respectively (31). CHD and stroke were defined
as the composite of a first ICD-9 or Current Procedural
Terminology code for acute myocardial infarction, percu-
taneous coronary intervention, or coronary artery bypass
grafting, and for ischemic stroke, following the date of in-
cident CKD in patients without such diagnoses before this
date (Supplemental Figure 1). Information on ESRD was
obtained from the US Renal Data System.

Statistical Analyses

Data are expressed as means+SDs, medians (interquartile
ranges), and proportions and were examined across SBP
categories. Patients were followed from cohort entry until
death or were censored at the date of the last encounter, or
on July 26, 2013, for mortality (median follow-up, 4.8 years),
CHD (median follow-up, 4.9 years), and stroke (median
follow-up, 4.8 years), and December 31, 2011, for ESRD
(median follow-up, 3.8 years).

The association of SBP and DBP with outcomes was
examined in crude and adjusted Cox models. Models were
adjusted on the basis of a priori considerations for baseline
age, sex, race, marital status, per capita income, eGFR,
prevalent comorbidities (hypertension, diabetes mellitus,
coronary artery disease, congestive heart failure, cerebro-
vascular disease, peripheral artery disease, malignancies,
liver disease, rheumatologic diseases, chronic lung disease,
dementia, HIV/AIDS, depression, weight loss or low BMI,
and CCI), number of antihypertensive medications, and
DBP or SBP. A total of 300,424 patients (88% of the total
sample) had complete data for analysis. Because of the
relatively low proportion of missingness, these values
were not imputed. Sensitivity analyses were performed
in subgroups divided by CCI of <1 versus =1 and the
presence or absence of weight loss or low BMI. Interac-
tions were examined by inclusion of multiplicative inter-
action terms for SBP/DBP and age, accounting for nonlinear
associations (32). Statistical analyses were performed us-
ing Stata MP software, version 12 (StataCorp., College
Station, TX).

Results

The mean*=SD age of the cohort at baseline was
69.210.4 years, 96.8% of patients were men, and the
mean baseline eGFR was 48+9 ml/min per 1.73 m?. Base-
line characteristics of the overall cohort, and of patients
categorized by their baseline SBP, are shown in Table 1.
Patients with higher SBP were more likely to be black
and to have diabetes mellitus and hypertension and less
likely to have CHD, congestive heart failure, and chronic
lung disease. Comorbidities were common in all SBP
groups, but the proportion of patients with CCI=1 and
with weight loss or low BMI was highest in those with
the lowest SBP. Most patients received at least one anti-
hypertensive medication, including 91% of patients with
SBP<100 mmHg.
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Figure 1. | Association of systolic BP (SBP) and diastolic BP (DBP) with all-cause mortality, among 300,424 patients with incident CKD of
different ages, in multivariable-adjusted Cox models. Models were adjusted for age, sex, race, marital status, per capita income, eGFR,
prevalent comorbid conditions (hypertension, diabetes mellitus, coronary heart disease, congestive heart failure, peripheral artery disease,
malignancies, liver disease, rheumatologic diseases, chronic lung disease, dementia, HIV/AIDS, depression, weight loss, and Charlson
comorbidity index), number of antihypertensive medications prescribed at baseline, and baseline DBP (for SBP analyses) and baseline SBP

(for DBP analyses). 95% Cl, 95% confidence interval.

Mortality

A total of 100,763 patients died (63.0 deaths/1000 patient-
years [PY]; 95% confidence interval [95% CI], 62.6 to 63.4)
during a median follow-up of 4.8 years (range, 0.2-8.8 years),
and mortality rates were higher in older patients in all
SBP categories. Age modified the association of SBP
with mortality (P for interaction <0.001). Compared
with an SBP of 130-139 mmHg, SBP=140 mmHg was as-
sociated with higher crude mortality rates in all age
groups, but with attenuation of these differences in older
patients (Supplemental Figure 2, Supplemental Table 1).
The same pattern was evident in multivariable Cox
models: The adjusted hazard ratio (aHRs) associated
with SBP=170 mmHg (compared with 130-139 mmHg)
in patients aged <50, 50-59, 60-69, 70-79, and =80 years
were 1.95 (95% CI, 1.34 to 2.84), 2.01 (95% CI, 1.75 to 2.30),
1.68 (95% CI, 1.49 to 1.89), 1.39 (95% CI, 1.25 to 1.54), and
1.30 (95% CI, 1.17 to 1.44), respectively (Figure 1, Table 2).
SBP<120 mmHg was associated with higher mortality in
all age groups. The lowest mortality was associated with
SBP of 120-139 mmHg in patients <80 years and with
SBP of 120-159 mmHg in patients =80 years. Lower
DBP was also associated with higher mortality in all
age groups, with the lowest mortality seen in patients
with DBP of 70-79 mmHg in patients <50 years and
80-89 mmHg in patients =50 years (Figure 1, Table 3,
Supplemental Figure 3, Supplemental Table 2). Results
were similar when we examined association in patients with-
out weight loss or low BMI or comorbidities (Supplemental

Figures 4 and 5). There was no consistent trend in the
associations between SBP or DBP and mortality in any
age group among patients who had weight loss or low
BMI.

Incident CHD

A total of 9450 patients experienced an incident CHD
event (9.8 events/1000 PY; 95% CI, 9.6 to 10.0). Incident
CHD rates were similar or lower in older versus younger
individuals (Supplemental Tables 1 and 2). Age modified
the association of SBP with CHD (P for interaction
<0.001). Higher SBP was associated with higher crude
CHD rates in patients aged <80 years, with a significant
attenuation in the older age groups (Supplemental Fig-
ure 2, Supplemental Table 1). Results were similar in
multivariable-adjusted Cox models: The aHRs associ-
ated with SBP=170 mmHg (compared with 130-
139 mmHg) in patients <50, 50-59, 60-69, 70-79,
and =80 years were 2.42 (95% CI, 1.26 to 4.66), 1.91
(95% ClI, 1.45 to 2.50), 1.39 (95% ClI, 1.04 to 1.86), 1.71
(95% CI, 1.27 to 2.29), and 1.36 (95% CI, 0.87 to 2.13),
respectively (Figure 2, Table 2). The lowest CHD inci-
dence was associated with SBP<<110 mmHg in patients
<70 years, and with SBP<140 mmHg in patients =70
years. DBP showed no association with CHD. Associa-
tions showed a similar pattern when we examined inci-
dent CHD in patients without weight loss or low BMI
and in those with or without comorbidities (Supplemen-
tal Figures 6 and 7). There was no consistent association
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Table 3. Multivariable-adjusted hazard ratios and 95% confidence intervals of different outcomes, associated with different diastolic
BP values in patients of different ages
Outcome Diastolic BP
c P g <50 mmHg 50-59 mmHg 60-69 mmHg 80-89 mmHg =90 mmHg
ELEEGI, (n=5896) (n=34,045) (n=110,117) (n=57,306) (n=13,305)
Mortality
<50 0.42 (0.10to 1.69) 1.23(094to1.61) 1.28(1.10t01.49) 1.10(0.95to01.27) 1.24(1.00 to 1.54)
50-59 148 (1.20t0 1.83) 1.33(1.23t0 1.44) 1.21(1.16to1.27) 0.92(0.87 t0 0.97) 0.92 (0.84 to 1.00)
60-69 1.30(1.14t0 1.48) 1.38(1.31to1.45) 1.16(1.12t0o1.20) 0.91 (0.87 t0 0.95) 0.99 (0.91 to 1.07)
70-79 1.33(1.22t01.43) 1.24(1.19t01.29) 1.12(1.08to1.15) 0.97 (0.93 to 1.02)  1.09 (0.98 to 1.20)
=80 1.23(1.14t0 1.32) 1.16 (1.11to1.21) 1.07 (1.03to 1.11) 1.04 (0.99 to 1.10)  1.15 (1.00 to 1.31)
Coronary
heart
disease
<50 0.00 (0.00 to 0.00)  0.92 (0.40 to 2.16)  0.68 (0.43 to 1.08)  1.04 (0.78 to 1.40)  1.04 (0.68 to 1.60)
50-59 0.77 (0.34t0 1.73)  1.06 (0.84 t0 1.34)  1.04 (0.93 to 1.16) 0.9 (0.81 to 1.00)  0.73 (0.61 to 0.88)
60-69 147 (097 to2.24) 123 (1.05to1.46) 1.14(1.04to1.26) 0.94 (0.85t01.05) 0.82 (0.67 to 1.00)
70-79 0.93 (0.62t01.39) 1.07(0.90t01.26) 1.14(1.02t01.27) 0.94 (0.81 to 1.09) 0.82 (0.59 to 1.16)
=80 0.72(0.44t01.18) 1.04(0.84t01.29) 1.15(0.99t01.34) 0.90(0.71to1.14) 0.74 (0.39 to 1.41)
Stroke
<50 0.00 (0.00 to 0.00) 0.84 (0.42t0 1.69) 0.92 (0.66 to 1.29)  0.81 (0.61 to 1.07)  0.99 (0.68 to 1.45)
50-59 1.01 (0.58t0 1.75) 1.12(0.93 to 1.34)  1.10(1.00 to 1.21)  0.95 (0.87 to 1.05)  0.87 (0.75 to 1.01)
60-69 1.13(0.80to 1.61)  1.08 (0.95to 1.24) 1.13(1.04to 1.22) 0.94 (0.86 to 1.03)  0.98 (0.84 to 1.15)
70-79 1.13(0.88t01.47) 1.11(0.99t01.25) 1.12(1.04to01.22) 0.84(0.75t00.95) 1.05(0.83 to 1.34)
=80 0.73(0.52t0 1.03) 1.00 (0.86 to 1.17)  0.99 (0.89 to 1.11)  0.86 (0.72 to 1.03)  0.93 (0.61 to 1.41)
ESRD
<50 0.00 (0.00 to 0.00) 1.24 (0.57t02.70) 0.78 (0.52t0 1.18)  1.29 (1.01 to 1.65)  1.24 (0.90 to 1.70)
50-59 1.47 (0.61t0 3.55) 1.22(0.90 to 1.65)  0.93 (0.80 to 1.08)  1.19 (1.06 to 1.33)  1.02 (0.87 to 1.21)
60-69 1.43 (0.63t03.22) 1.63(1.27 t02.10) 1.15(0.99 to 1.34) 1.03 (0.88 to 1.20)  0.87 (0.67 to 1.13)
70-79 123 (0.62t02.43) 1.31(098t01.75) 1.14(0.93t01.39) 1.27(0.991to1.63) 0.90 (0.53 to 1.55)
=80 1.49 (0.65t03.40) 0.80(0.47 t0 1.38) 1.10(0.77 to 1.58)  0.82 (0.45to 1.49)  0.68 (0.16 to 2.86)
Patients with diastolic BP of 70-79 mmHg served as referent category.

between SBP and CHD in any age group among patients
with weight loss or low BMI. DBP showed no consistent
association with CHD overall or in subgroups (Figure 2,
Table 3, Supplemental Figures 3, 6, and 7, Supplemental
Table 2).

Incident Stroke

A total of 14,557 patients experienced an incident
ischemic stroke (10.4 events/1000 PY; 95% CI, 10.2 to
10.6). Incident stroke rates were similar or lower in older
versus younger individuals (Supplemental Tables 1 and 2).
Age modified the association of SBP with stroke (P for
interaction <0.001). Higher SBP was associated with line-
arly higher crude stroke rates in all age groups, with the
lowest risk seen in patients with SBP<<100 mmHg (Supple-
mental Figure 2, Supplemental Table 1). The multivariable-
adjusted association of higher SBP with stroke was strongest
among the youngest patients and was attenuated among
older patients: The aHRs associated with SBP=170 mmHg
(compared with 130-139 mmHg) in patients <50, 50-59,
60-69, 70-79, and =80 years were 1.99 (95% CI, 1.05 to
3.79), 2.28 (95% CI, 1.82 to 2.86), 1.98 (95% CI, 1.59 to
2.46), 1.79 (95% ClI, 1.41 to 2.27), and 1.26 (95% CI, 0.89
to 1.79), respectively (Figure 3, Table 2). DBP showed no
association with stroke (Figure 3, Table 3, Supplemental
Figure 3, Supplemental Table 2). Associations showed a

similar pattern in all examined subgroups (Supplemental
Figures 8 and 9).

Incident ESRD

A total of 5161 patients experienced ESRD (3.3 events/
1000 PY; 95% (I, 3.2 to 3.3). ESRD rates were lower in older
than younger individuals (Supplemental Tables 1 and 2).
Age modified the association of SBP with ESRD (P for inter-
action <0.001). Higher SBP was associated with higher
crude ESRD rates in all age groups, but with an attenuation
in older patients (Supplemental Figure 2, Supplemental
Table 1). Results were similar in multivariable-adjusted
Cox models: The aHRs associated with SBP=170 (com-
pared with 130-139 mmHg) in patients <50, 50-59, 60—
69, 70-79, and =80 years were 7.59 (95% CI, 4.89 to 11.79),
6.06 (95% CI, 4.93 to 7.47), 7.07 (95% CI, 5.42 to 9.22), 3.68
(95% CI, 2.37 to 5.72), and 2.95 (95% CI, 1.28 to 6.80), re-
spectively (Figure 4, Table 2). The association of SBP with
ESRD was linearly incremental in patients <80 years.
While SBP=170 mmHg was associated with significantly
higher ESRD risk in patients =80 years, SBP<<170 mmHg
showed no consistent association with ESRD in this age
group (Figure 4). DBP showed no association with ESRD
(Figure 4, Table 3, Supplemental Figure 3, Supplemental
Table 2). Associations showed a similar pattern in all
examined subgroups (Supplemental Figures 10 and 11).
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Figure 2. | Association of systolic BP (SBP) and diastolic BP (DBP) with incident coronary heart disease (first occurrence of a myocardial
infarction, percutaneous coronary intervention, or coronary artery bypass grafting), among 204,796 patients with incident CKD of different
ages, in multivariable-adjusted Cox models. Models were adjusted for age, sex, race, marital status, per capita income, eGFR, prevalent
comorbid conditions (hypertension, diabetes mellitus, coronary heart disease, congestive heart failure, peripheral artery disease, malignan-
cies, liver disease, rheumatologic diseases, chronic lung disease, dementia, HIV/AIDS, depression, weight loss or low body mass index, and
Charlson comorbidity index), number of antihypertensive medications prescribed at baseline, and baseline DBP (for SBPanalyses) and baseline

SBP (for DBP analyses). 95% Cl, 95% confidence interval.

Discussion

We describe systematic differences across age groups
in the relationship of SBP with outcomes in patients with
incident CKD. Low DBP was associated with higher mor-
tality, but DBP showed no consistent associations with
cardiovascular outcomes. Our results reinforce the significant
association of elevated SBP with all the studied outcomes but
suggest weaker associations in the elderly, especially in
patients aged =80 years. The best outcomes were seen with
SBP of 120-139 mmHg in patients <80 years and of 120-
159 mmHg in those =80 years. Our results concerning mor-
tality are similar to the findings from a recent analysis of
21,015 patients with CKD from northern California and
extend its findings to a larger population and to several other
outcomes (33).

Current hypertension treatment guidelines recommend a
target BP of <140/90 mmHg for most patients (13). The
elderly are considered a special category (3), in part be-
cause of scarce clinical trial evidence in this population,
and in part because of empirical and theoretical concerns
over their tolerance of excessive BP lowering (34,35). The
elderly may be more susceptible to deleterious effects of
low BP as a result of age- and comorbidity-related alter-
ations in hemodynamic autoregulatory mechanisms (15-19).
This, however, cannot explain the diminished association of
elevated SBP with outcomes in the elderly. A possible expla-
nation could be the presence of competing risk from causes
of death unrelated to BP (e.g., malignancies or infections),

which disproportionately affect the elderly, or adverse
effects associated with the treatment of hypertension in
the elderly (e.g., falls) (36). Such effects may manifest
most markedly in frail patients (37,38), a suggestion indi-
rectly supported by the lack of associations in our sub-
group analyses in individuals with weight loss or low
BMI.

The attenuation of mortality risk associated with higher
SBP in elderly patients described in our study echoes
results from earlier studies reporting similarly weaker or
absent associations of a multitude of traditional risk
factors with mortality in elderly individuals, such as
hypercholesterolemia (39), obesity (40), and comorbidity
burden in general (41), as well as a more robust associa-
tion of functional status with mortality (41). Furthermore,
the association of cardiovascular diseases with mortality
is also diminished in older populations (42,43), and risk
factors such as hypertension, hypercholesterolemia, and
obesity were less associated with incident CHD in previ-
ous studies (44). This supports our findings of relatively
lower risk of cardiovascular event rates associated with
higher SBP in the oldest age groups with CKD. Our find-
ings of generally lower crude cardiovascular and renal
event rates in older versus younger individuals also sug-
gest that pathologic processes responsible for morbidity
may be distinctly different in the elderly and could be
affected by competing risk from the higher mortality
seen in this group.
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Figure 3. | Association of systolic BP (SBP) and diastolic BP (DBP) with incident ischemic stroke, among 301,569 patients with incident CKD
of different ages, in multivariable-adjusted Cox models. Models were adjusted for age, sex, race, marital status, per capita income, eGFR,
prevalent comorbid conditions (hypertension, diabetes mellitus, coronary heart disease, congestive heart failure, peripheral artery disease,
malignancies, liver disease, rheumatologic diseases, chronic lung disease, dementia, HIV/AIDS, depression, weight loss or low body mass
index, and Charlson comorbidity index), number of antihypertensive medications prescribed at baseline, and baseline DBP (for SBP analyses)
and baseline SBP (for DBP analyses). 95% Cl, 95% confidence interval.

Unfortunately, no guidelines address the conundrum of
BP targets in elderly patients with CKD, even though most
patients with CKD are elderly and their comorbidities
make them susceptible to deleterious effects of low BP (15—
19). In a previous analysis of veterans with prevalent CKD,
we found that both SBP and DBP displayed a J-shaped
association with all-cause mortality (45). We now extend
these findings by demonstrating that elevated SBP is in-
deed associated with a multitude of adverse outcomes
in all age groups, including the very old, but also that in
the latter group these associations are subdued and that
the ideal SBP could be extended to a level as high as
150 mmHg. Our findings therefore support current clinical
guidelines, although the observational nature of our study
does not allow the direct application of these results to
clinical practice.

Our results do not provide an unequivocal answer to
whether an SBP<130 mmHg is favorable or not. In a pre-
vious observational modeling of strict versus conventional
BP control, patients with CKD whose SBP decreased to
<120 mmHg after increased antihypertensive medication
use experienced significantly higher mortality compared
with those whose SBP decreased to 120-139 mmHg (46).
The SPRINT study showed that treating SBP to a target of
<120 mmHg (with an overall achieved SBP of 121.4 mmHg)
versus <140 mmHg (with an achieved SBP of 136.2 mmHg)
resulted in significantly lower all-cause mortality rate and
nominally lower composite cardiovascular event rate in pa-
tients with CKD (14). These results support our findings

regarding the lower risk of CHD and stroke associated
with lower SBP but may be discordant with the J-shaped
mortality seen in our and other observational studies, even
though we have only detected statistically significantly
higher mortality for patients with SBP<<110 mmHg. SPRINT
enrollees had markedly lower all-cause mortality rates com-
pared with the populations examined in observational stud-
ies, which may be experiencing relatively more deaths
unrelated to cardiovascular events. It is unclear whether
they would derive a mortality benefit from SBP lowering
to levels even stricter than those achieved in SPRINT.

Several limitations of our study should be acknowl-
edged. This being an observational study, only associa-
tions, but no cause-and-effect relationships, can be
established from it. Our cohort consisted mostly of men;
hence, the findings may not be generalizable to women. We
used multivariable-adjusted analyses, but the presence of
residual confounders cannot be excluded. We used weight
loss or low BMI in place of frailty because additional
criteria for the standard definition of the latter (30) were not
available in our database. We captured comorbidities and
clinical events using diagnostic codes, not the more accu-
rate adjudication procedures used in clinical trials. The
lower cardiovascular and renal event rates seen in patients
with low SBP in our cohort could have been affected by
competing risk from higher mortality seen in these groups;
hence, these associations need to be interpreted with
proper caution, and without implying a protective effect
from low SBP on such outcomes.
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Figure 4. | Association of systolic BP (SBP) and diastolic BP (DBP) with incident ESRD (initiation of RRT or preemptive kidney transplan-
tation), among 300,424 patients with incident CKD of different ages, in multivariable-adjusted Cox models. Models were adjusted for age,
sex, race, marital status, per capita income, eGFR, prevalent comorbid conditions (hypertension, diabetes mellitus, coronary heart disease,
congestive heart failure, peripheral artery disease, malignancies, liver disease, rheumatologic diseases, chronic lung disease, dementia, HIV/
AIDS, depression, weight loss or low body mass index, and Charlson comorbidity index), number of antihypertensive medications prescribed at
baseline, and baseline DBP (for SBP analyses) and baseline SBP (for DBP analyses). 95% Cl, 95% confidence interval.

In conclusion, SBP>130-139 mmHg is associated with
higher mortality and higher incidence of CHD, stroke, and
ESRD in patients with CKD of all ages, but the strength of
these associations diminishes with advanced age. DBP<<70
mmHg is associated with higher mortality, but DBP shows
no association with cardiovascular outcomes. Our results
reinforce that treatment of hypertension in younger pa-
tients with CKD toward targets recommended by current
clinical guidelines is paramount to improve outcomes in
these patients. In very elderly patients with CKD, a more
cautious BP-lowering strategy may be reasonable.
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