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CKD is a prevalent disorder found in over 13% of the
population (1), making it more common than even diabetes mellitus. Similar to diabetes, the presence of
CKD is strongly associated with cardiovascular disease (2). Because hypertension is a common complication of CKD, and, also, a major modiﬁable risk factor
for both cardiovascular events and death, a focus on
control of hypertension is a natural goal in the CKD
population. Unfortunately, there is a paucity of evidence to support speciﬁc BP goals in CKD.
In this issue of CJASN, Palit et al. (3) describe the
association of components of BP measured using the
auscultated technique on one occasion at baseline with
subsequent risk of all-cause mortality, ESRD, or cardiovascular events from a secondary analysis of the Veterans Administration–sponsored cooperative study
program Homocysteinemia in Kidney and ESRD
(HOST) Study. The HOST Study was a landmark,
double-blind, multicenter, randomized, controlled trial,
in which 2056 subjects with advanced CKD (estimated
creatinine clearance of #30 ml/min, including those on
peritoneal dialysis or hemodialysis) and elevated homendocysteine were randomized to placebo or an intervention to lower homocysteine. The intervention was a
single pill containing a combination of vitamins: vitamin
B6, cyanocobalamin, and folic acid. The primary outcome was all-cause mortality (4). Secondary objectives
of this study were to test whether the vitamins decrease
the following end points: (1) myocardial infarctions, (2)
stroke, (3) amputation of the lower extremity, and (4)
combinations of the preceding end points and all-cause
mortality. In addition, the following outcomes were reported: (1) thrombosis of the vascular access in patients
on hemodialysis and (2) time to initiation of dialysis.
Although the vitamins were effective in signiﬁcantly
lowering an elevated homocysteine concentration by
approximately 25% at 3 months, there was no signiﬁcant effect on mortality, secondary outcomes, or adverse events.
Palit et al. (3) excluded subjects with ESRD or those
who started dialysis within 3 months of enrollment,
resulting in 1099 subjects included in their analysis.
Participants were over 98% men, and mean eGFR calculated using the Modiﬁcation of Diet in Renal Disease
(MDRD) formula was 18 ml/min per 1.73 m2. Palit et al.
(3) found that, in this cohort, over a median follow-up
time of 2.9 years, pulse pressure was independently
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associated with cardiovascular events deﬁned as
symptomatic myocardial infarction, ischemic stroke,
or limb amputation. The relationship was not a graded
association; however, those in the highest quartile of
pulse pressure had the greatest risk of cardiovascular
events. Furthermore, cardiovascular events were not
independently associated with either systolic or diastolic BP. In the case of ESRD, there was no graded
association of systolic BP with this outcome; however,
those in the highest quartile of systolic BP showed an
elevated risk of ESRD. In contrast, diastolic BP exhibited a graded independent relationship with ESRD.
However, pulse pressure had no signiﬁcant association.
In the case of all-cause mortality, Palit et al. (3) found no
independent relationship for systolic BP, diastolic BP, or
pulse pressure. In summary, pulse pressure predicted
cardiovascular events, and systolic and diastolic BP
predicted ESRD; however, none of the BP components
predicted all-cause mortality.
The interpretation of the complex results of this report requires two considerations: (1) examine the limitations imposed by the design of the original trial and
(2) review the current state of evidence for BP control in
CKD. In the HOST Study, BP was measured at one
visit; thus, misclassiﬁcation of hypertension because
of measurements made at a single visit is likely, because
the diagnosis of hypertension requires an elevated BP at
two different visits. As noted by Palit et al. (3), longitudinal BP measures would have been preferable, and recent evidence from the Chronic Renal Insufﬁciency
Cohort shows that longitudinal BP values more
strongly predict ESRD versus a single baseline value (5).
Additionally, many such patients may have had white
coat hypertension or masked hypertension. In fact,
masked hypertension (elevated BP out of ofﬁce and normal BP in ofﬁce) has been associated with a 2-fold risk of
ESRD (6), whereas white coat hypertension has a relatively
benign prognosis in those with CKD. Such misclassiﬁcations inevitably weaken the associations between BP
and outcomes. Properly classifying masked and white
coat hypertension likely explains, in part, why home BP
has had a much stronger association with death, ESRD,
and cardiovascular compared with ofﬁce BP in CKD
(6,7). It should be noted that, in the past, a strong relationship has been reported between the onset of ESRD
and both systolic and diastolic BP in veterans with CKD.
In fact, the site that reported this association was also a
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participating site in the HOST Study. In addition, the number
of patients in this earlier study (6) was much smaller than that
in this analysis by Palit et al. (3), and therefore, BP measurement issues may be, as least in part, responsible for this discrepancy.
Additionally, since the 1990s, when the HOST Study
was designed, the deﬁnition of end points has evolved. For
example, many myocardial infarctions are known to occur
during a hospitalization in the absence of symptoms or
electrocardiographic changes. These type 2 myocardial infarctions form the bulk of the myocardial infarctions among
patients with advanced CKD, and they were likely missed
during the HOST Study because of the diagnostic criteria
used at the time. Those with hemorrhagic stroke (which may
occur because of uncontrolled hypertension) were excluded.
Perhaps most important, congestive heart failure is sensitive
to hypertension control and was not deﬁned as an end point
in the original trial. These more updated end point deﬁnitions
should be considered in any modern trial design investigating BP in the CKD population.
One intriguing possibility that emerges from the report by
Palit et al. (3) is whether BP components have different relationships with the competing end points of death and ESRD.
Although this report did not include a competing risks analysis, an earlier study did include such an analysis on a prospective cohort of veterans with CKD (8). Although the
overall risk of ESRD or all-cause mortality was similar in a
traditional Cox model, Agarwal et al. (8) also found that
systolic BP may, indeed, have a different relationship with
the end points of ESRD and death in a model that accounted
for competing risks. For example, those with lower systolic
BP have an increased hazard of death, but those with a
higher systolic BP have an increased hazard of ESRD (Figure
1). Although the reasons why this may be so remain elusive,
we speculate that low systolic BP is a marker of a more
severe risk proﬁle, such as the presence of inﬂammation,
cancer, or advanced cardiac disease, that promotes the
risk of death, whereas a higher BP indicates absence of these
risk factors and the progression to ESRD. In the case of advanced CKD, it still remains unclear if lowering BP with

Figure 1. | Relationship between increasing systolic BP and competing outcomes in CKD. A higher systolic BP is a risk factor for ESRD,
but a lower systolic BP is a marker for all-cause mortality in a competing risk model (data from ref. 8).

lifestyle modiﬁcations or medications will protect from
ESRD or come at the expense of reduced survival. Modeling
of competing risks is possible with modern statistical methods and would be useful in interpreting the results of BP
components in observational studies and randomized trials.
Most fundamentally, the results of this study come from an
observational cohort derived from a trial that was designed
to test the hypothesis that lowering of homocysteine reduces
death, cardiovascular events, or ESRD. Speciﬁcally, the intervention in the original trial was not on BP, and therefore, as
Palit et al. (3) appropriately note, the ﬁndings should not be
interpreted as causal. In other words, no cause-and-effect
relationship can be deduced from these observations.
The current evidence base for BP goals in CKD stems from
three large randomized trials. These three trials examined
different BP goals and the important outcomes of all-cause
mortality, ESRD, and cardiovascular events: the MDRD Trial
(9), the African American Study of Kidney Disease and Hypertension Trial (10,11), and the Ramipril Efﬁcacy in Nephropathy 2 Trial (12). All three trials were designed for a
primary renal end point of decline in renal function or
ESRD, and compared with usual lowering of BP, none of
the three trials reported that more aggressive lowering of BP
was more protective for the preservation of kidney function
(13). Similar to the systematic review, a meta-analysis of
large, randomized, controlled trials of BP lowering that included subjects with eGFR,60 ml/min per 1.73 m2 found
no clear evidence of beneﬁt for lower BP targets in the subgroups with mild CKD (mean eGFR 552 ml/min per 1.73 m2)
to improve cardiovascular events or all-cause mortality (14).
Notably, the available evidence above on BP goals is derived from trials with primary renal end points or trials that
recruited mostly subjects with normal renal function. The
ongoing Systolic BP Intervention (SPRINT) Trial will address both shortcomings, because it has recruited over 9000
subjects age $50 years old with at least one additional
cardiovascular risk factor, including CKD deﬁned as
eGFR520–59 ml/min per 1.73 m2. Participants are randomized to intensive BP lowering with goal ofﬁce systolic BP
,120 mmHg versus control treatment of goal ofﬁce systolic
BP ,140 mmHg, with a primary end point of cardiovascular
events. Thus, the SPRINT Trial results should provide direct
evidence of whether a low ofﬁce BP goal may reduce cardiovascular events in the CKD population.
Treatment of hypertension in CKD is a major public
health concern, and the report from Palit et al. (3) adds to the
complexity of the interpretation of the BP components. Speciﬁcally, the use of pulse pressure for clinical decision-making
is difﬁcult. Currently, no antihypertensive agent speciﬁcally
reduces pulse pressure. Most antihypertensive agents reduce
systolic BP somewhat to a greater degree than diastolic BP,
thereby reducing pulse pressure. However, the association
of high pulse pressure and subsequent cardiovascular events
does suggest that future investigations should include direct
measures correlated with pulse pressure, including pulse
wave velocity measurement, in the CKD population. Similarly, future studies should include out of ofﬁce BP measures
(whether home BP as recommended by the American Heart
Association for the management of all hypertension or the
gold standard of ambulatory BP monitoring as recommended by National Institute for Health and Care Excellent in the
United Kingdom). Clinical trials, such as the SPRINT Trial,
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will now begin to provide direct evidence to rationally inform routine treatment of hypertension for the beneﬁt of
patients with CKD.
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