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Systolic Blood Pressure and Outcomes in Stage 3-4 Chronic
Kidney Disease Patients: Evidence from a Taiwanese Cohort

Heng-Pin Chiang,'? Jia-Jung Lee," Yi-Wen Chiu,'? Jer-Chia Tsai,'? Chi-Chih Hung,' Shang-Jyh Hwang,'3

and Hung-Chun Chen'3

BACKGROUND

Systolic blood pressure (SBP) goal for chronic kidney disease (CKD) patients
is <140mm Hg. However, the SBP target provides no suggested lower
limit, and some studies indicate that a lower SBP target may be harmful.
We aimed to investigate the J-shaped relationship between SBP and clini-
cal outcomes in CKD patients and the factors that modify this relationship.

METHODS

This prospective observational study enrolled 2,144 CKD stage 3-4
patients between November 2002 and May 2009 and followed them
until July 2010 or death. Patients included were also enrolled within the
Integrated CKD Care Program for Delaying Dialysis in a medical center
and its branch hospital. Demographic, clinical, laboratory, and disease
variables at baseline and end of observation were measured.

RESULTS
In diabetic CKD patients, the hazard ratio (HR) at SBP 96110 mm Hg vs.
111-120mm Hg was 2.52 (95% confidence interval (Cl) = 1.13-5.58) for

Hypertension is a leading cause of mortality, renal dys-
function, and cardiovascular events in the general popula-
tion"? and in patients with chronic kidney disease (CKD).3-
Blood pressure (BP) components have been investigated,
and systolic BP (SBP) has the strongest association with
rapid decline in kidney function in community-living older
adults,® and SBP is a much stronger predictor of end-stage
renal disease (ESRD) compared with diastolic BP in CKD
patients.” The SBP goal for CKD patients is <140 mm Hg.%®
Guidelines suggest stricter BP targets in patients with pro-
teinuria >1 g/day'® or with urine albumin excretion 230 mg/
day.?

However, lower BP targets may involve risks. Clinical
trials using a randomized, intention-to-treat design test-
ing lower SBP (<120 mm Hg) vs. traditional SBP (<140 mm
Hg) are ongoing.!! The adverse effects of low SBP are widely
reported. Several observational studies or secondary analy-
ses have demonstrated a J-shaped relationship between SBP
and cardiovascular outcomes*>!2 and all-cause mortality”!?

cardiovascular outcomes and was 3.14 (95% Cl = 1.16-8.49) for renal
outcomes. In nondiabetic CKD patients, this J-shaped relationship was
not seen. Heavy proteinuria was further found to modify the J-shaped
relationship in diabetic CKD patients. The HR for renal outcomes at SBP
96-110mm Hg vs. 111-120mm Hg was 4.07 (95% Cl = 1.18-13.99) in
diabetic CKD patients with heavy proteinuria vs. 1.72 (95% Cl = 0.13-
22.5) in those without heavy proteinuria.

CONCLUSIONS

Diabetic CKD patients have a J-shaped relationship between SBP and
cardiovascular or renal outcomes, but nondiabetic CKD patients do
not. The optimal SBP range might be narrower in the diabetic CKD
patients.

Keywords: blood pressure; chronic kidney disease; hypertension;
J-shaped relationship; outcome assessment; systolic blood pressure.

doi:10.1093/ajh/hpu056

in CKD patients or in subgroups with heavy proteinuria.
One study showed a J-shaped relationship between SBP and
ESRD! in CKD patients. Whether the lower limit of SBP is
dangerous in all or only certain subgroups of CKD patients
remains unclear. Delineation of the lower limit of SBP is
important for both future clinical trials and clinical practice,
particularly when executing lower SBP target strategies.!!
The discrepancies in studies regarding the J-shaped rela-
tionship between SBP and clinical outcomes may be the
result of effect modifiers. Previous studies have demonstrated
that heavy proteinuria modifies the association between SBP
<110mm Hg and worse outcomes.!* We also observed an
increased risk of clinical outcomes in the lowest SBP group
or intensive BP control group in CKD patients with diabetes
mellitus (DM)'>13 but not in those without DM.!* However,
whether DM modifies this relationship is not demonstrated.
Thus, we investigated the J-shaped relationship between
SBP and clinical outcomes in CKD patients and the factors
modifying this relationship in an observational cohort study.
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METHODS
Ethics statement

The study protocol was approved by the institutional review
board of Kaohsiung Medical University Hospital (KMUH-
IRB-990198). Written, informed consent was obtained from
all patients, and all clinical investigations were conducted
according to the principles of the Declaration of Helsinki.

Participants and measurements

Between November 2002 and May 2009, 3,749 patients
from the Integrated CKD Care Program in Kaohsiung for
Delaying Dialysis in 2 hospitals in Southern Taiwan were
included. All were followed until 31 July 2010, or death. In
the first 3 months, 90 patients were lost to follow-up. To be
compatible with other studies, we included only the 2,144
patients with CKD stages 3 and 4. Standardized BP measure-
ments were obtained by a standard mercury sphygmoma-
nometer or a validated automated device in seated patients
after a 10-minute rest. The average of the first 2 BP readings
was recorded each visit. All participants had 3-7 BP records
based on the frequency of the follow-ups. All BP records of
each patient were averaged as the baseline BP for the analy-
sis. We excluded 13 patients with a baseline mean SBP of
<95mm Hg, for a final 2,131 CKD stage 3 and 4 patients.
The median follow-up time was 2.91 years. To better analyze
the relationship between SBP and clinical outcomes for SBP
<140 mm Hg, we categorized SBP into 4 groups: 96-110,
111-120, 121-140, and >140 mm Hg.

CKD was defined in accordance with the National Kidney
Foundation-Kidney Disease Outcomes Quality Initiative
guidelines. Baseline variables included demographic fea-
tures, medical history, physical examinations, laboratory
data, and medication history. Medical history was obtained
from chart review. DM and hypertension were defined
by clinical diagnosis. The laboratory data and BP for the
3 months before and after enrollment in the CKD care sys-
tem were averaged and analyzed.

Quantification of renal function and progression

Kidney function was quantified using estimated glo-
merular filtration rate (eGFR) derived from the simpli-
fied Modification of Diet in Renal Disease Study equation.
The equation was eGFR ml/min/1.73 m? = 186 x serum
creatinine 1% x age™020% x 0.742 (if female) or x 1.212 (if
black). The average eGFR slope (ml/min/1.73 m?/year) for
each patient was calculated with a varying-intercept and a
varying-slope equation without covariables to estimate the
annual change in eGFR.

Outcomes

Four outcomes were assessed: all-cause mortality, cardio-
vascular events, need for renal replacement therapy (RRT),
and rapid renal function decline. Survival status and cause of
death were ascertained from review of medical charts or the
National Death Index. Cardiovascular events were ascertained

by chart review and defined as hospitalization for acute coro-
nary syndrome (Deyos modified Charlson score, International
Classification of Diseases, Clinical Modification (ICD-9-CM):
410.x-412.x), acute cerebrovascular disease (430.x-438.x),
congestive heart failure (428.x), peripheral arterial occlusion
disease (443.9, 441.x, 785.4, V43.4, procedure 38.48), and
death from the aforementioned conditions. A need for RRT
was defined as initiation of maintenance hemodialysis, peri-
toneal dialysis, or renal transplantation. The RRT was ascer-
tained from chart review and national database. RRT was
begun according to the Bureau of National Health Insurance
of Taiwan standards for laboratory data, nutritional status, ure-
mic status, and eGFR. All eGFR values and at least 3 meas-
urements in each individual were included for calculating
eGFR slope. Rapid renal function decline was defined as eGFR
slope <-5ml/min/1.73m?*/year based on the Kidney Disease
Improving Global Outcomes (KDIGO) guideline.'®

Statistical analysis

Summary statistical results of baseline characteristics of all
patients and stratification by diabetes status were expressed
as percentages for categorical data, mean * SD for continu-
ous variables with approximately normal distribution, and
median and interquartile ranges for continuous variables
with skewed distribution.

Cox proportional hazards analysis was used to evaluate the
relationship between SBP and all-cause mortality, cardiovas-
cular events, and a need for RRT. Multivariable logistic regres-
sion analysis was used to evaluate the relationship between
SBP and rapid renal function decline. Skewed-distributed
continuous variables were log-transformed to reduce the
skewness. The analysis was performed on all patients, then
in subgroups of patients stratified by diabetes, urine protein—
creatinine ratio (UPCR > 1g/g), and usage of antihyperten-
sive agents. Interactions between subgroups were tested by
adding interaction terms into the Cox regression model.

Models for all-cause mortality, including patients who
reached RRT, were censored only at death or end of follow-
up. Models for cardiovascular events were censored at the
development of these events, death, or end of follow-up.
Models for RRT were censored at the commencement of
RRT, death, or end of follow-up.

Our variable selection is based on previous literatures in
this population and the medications that could be confound-
ing factors. The adjusted covariables were age, sex, eGFR,
UPCR, hemoglobin, albumin, phosphorus, total cholesterol,
C-reactive protein, body mass index, smoking status, baseline
congestive heart failure, myocardial infarction, cerebral vas-
cular disease, and the use of angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, calcium channel
blockers, beta-blockers, alpha-blockers, and diuretics.

RESULTS

Characteristics of study populations by diabetes and
baseline SBP

In total, of 2,131 CKD stage 3 and 4 patients, 939 had DM.
The mean age was 64.2+13.5 years, 64.6% were men, and
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! sss5 29898 sgl 28 63.5% had hypertension at baseline (Table 1). In the diabetic
E ¢ § © © © c g o § & group, those at SBP 96-110 and SBP 111-120 mm Hg did not
; 2 differ in UPCR, serum albumin, glycosylated hemoglobin,
2 S o s e s &S _;§ eGFR, and percentage of patients taking antihypertensive
o E 28883 g % g agents. In the non-DM group, those at SBP 96-110 and SBP
8 & @ ® 5 B oY QN - € 111-120 mm Hg did not differ in UPCR and serum albumin.
S| §EYE8REF& g= &
b Qo The percentage of patients taking antihypertensive agents at
e SBP 96-110 mm Hg was significantly lower than for those at
£ s s 5 5 a6 < & g £ SBP 111-120mm Hg (50.6% vs. 64.6%; P = 0.02).
£ 8 8 o o & o o o =2
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o~ = - —~ o CI = 0.84-1.98). Because of significant interactions between
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% = - © < §%a the HR of cardiovascular outcomes at SBP 96-110mm Hg vs.
sk & SBP 111-120 mmHg was 2.52 (95% CI = 1.13-5.58). However,
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2 _ _ _ % o ? in non-DM CKD patients, the HR of cardiovascular outcomes
L E d B H B BEE at SBP 96-110mm Hg vs. SBP 111-120mm Hg was 0.53 (95%
a2 o B B g' ; % B o CI =0.19-1.49) (Tables 3-5; Figure 1; Supplementary Table S1).
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group group
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& E cccdoee ggel CI = 0.73-2.74), and HR of SBP >140mm Hg vs 111-120mm
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d £C =3 8 g
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2 S8 @< 3538 ; g gé the HR of renal outcomes at SBP 96-110mm Hg vs. SBP
g 2883288 ZFES 111-120mm Hg was 2.92 (95% CI = 1.51-5.66). However,
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it 25 £ CI=0.26-1.64) (Tables 3-5; Figure 1; Supplementary Table S1).
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2 5 w 2 6 2 i Relationship between baseline SBP and all-cause mortality
= ‘N s.,-25
3 ” g é é 8 & -§ s é All-cause mortality occurred in 131 non-DM patients and
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American Journal of Hypertension 27(11) November 2014 1399


http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu056/-/DC1
http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu056/-/DC1
http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu056/-/DC1
http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu056/-/DC1

Chiang et al.

° _ In fully adjusted Cox regression, no statistically signifi-
2 g £ <£<2 cant J-shaped relationship existed between SBP and all-cause
2 [ v mortality: HR of SBP 96-110 mmHg vs. 111-120 mm Hg was
° _ 1.18 (95% CI = 0.68-2.07), and HR of SBP >140mm Hg vs.
5 2 - - 111-120mm Hg was 1.25 (95% CI = 0.82-1.90). Unlike car-
® ol . 225 Qe diovascular and renal outcomes, the interaction between SBP
2 “»e|3 i and DM on all-cause mortality was not statistically significant
E by °.’; (P> 0.05). The role of DM was studied in this group for com-
s o parison. Both DM and non-DM group had no statistically
2 £ = o2 significant J-shaped relationship between SBP and all-cause
_é o © 99 _S 2 g mortality (Tables 3-5; Figure 1; Supplementary Table S1).
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> 28 Improving Global Outcomes (KDIGO) guidelines.
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Table 3. Unadjusted and adjusted hazard ratio of clinical outcome by diabetes mellitus status and baseline systolic blood pressure in
patients with stage 3 or 4 chronic kidney disease

Total

Non-DM

DM

Unadjusted
HR (95% CI)

Adjusted
HR? (95% CI)

Unadjusted
HR (95% Cl)

Adjusted
HR? (95% CI)

Unadjusted
HR (95% ClI)

Adjusted
HR? (95% ClI)

CV outcomes SBP, mm Hg

96-110
111-120
121-140
>140

1.22 (0.67-2.22)
Reference group
1.32 (0.86-2.02)
1.76 (1.17-2.67)

Renal outcomes SBP, mm Hg

96-110
111-120
121-140
>140

All-cause mortality SBP, mm Hg

96-110
111-120
121-140
>140

1.01 (0.54-1.91)
Reference group
1.19 (0.77-1.85)
2.49 (1.64-3.76)

1.32 (0.76-2.28)
Reference group
1.13 (0.75-1.71)
1.42 (0.95-2.11)

1.22 (0.67-2.23)
Reference group
1.20 (0.78-1.84)
1.29 (0.84-1.98)

1.41(0.73-2.74)
Reference group
1.27 (0.80-2.01)
1.75 (1.13-2.71)

1.18 (0.68-2.07)
Reference group
1.15 (0.75-1.74)
1.25 (0.82-1.90)

0.65 (0.24-1.78)
Reference group
1.02 (0.56-1.84)
1.16 (0.64-2.11)

0.99 (0.42-2.34)
Reference group
0.95 (0.52—1.74)
1.68 (0.95-2.98)

1.57 (0.73-3.35)
Reference group
1.34 (0.76-2.38)
1.59 (0.89-2.82)

0.53 (0.19-1.49)
Reference group
1.02 (0.55-1.91)
1.04 (0.56-1.95)

0.65 (0.26—1.64)
Reference group
0.83 (0.43-1.58)
0.89 (0.48-1.69)

1.40 (0.63-3.10)
Reference group
1.58 (0.86-2.91)
1.60 (0.87-2.94)

1.78 (0.81-3.91)
Reference group
1.64 (0.88-3.05)
2.03 (1.11-3.70)

0.99 (0.38-2.55)
Reference group
1.42 (0.74-2.72)
2.85 (1.54-5.30)

1.03 (0.46-2.29)
Reference group
0.90 (0.50-1.62)
1.12 (0.64-1.95)

2.52 (1.13-5.58)
Reference group
1.45 (0.77-2.72)
1.62 (0.87-3.00)

3.14 (1.16-8.49)
Reference group
1.64 (0.82-3.29)
2.92 (1.51-5.66)

1.37 (0.60-3.08)
Reference group
0.85 (0.46—1.55)
1.03 (0.58-1.86)

Abbreviations: Cl, confidence interval; CV, cardiovascular; DM, diabetes mellitus; HR, hazard ratio; SBP, systolic blood pressure.

aFully adjusted model included age, sex, estimated glomerular filtration rate, urine protein—creatinine ratio, hemoglobin, albumin, phosphorus,
total cholesterol, C-reactive protein, body mass index, smoking status, baseline congestive heart failure, myocardial infarction, cerebral vascu-
lar disease, and the use of angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, beta-blockers,
alpha-blockers, and diuretics.

Table 4. Unadjusted and adjusted odds ratio of rapid renal function progression by diabetes mellitus status and baseline systolic blood
pressure in stage 3 or 4 chronic kidney disease

Total

Non-DM

DM

Unadjusted
OR (95% CI)

Adjusted
OR? (95% CI)

Unadjusted
OR (95% CI)

Adjusted
OR? (95% CI)

Unadjusted
OR (95% Cl)

Adjusted
OR? (95% CI)

Rapid renal progression® SBP, mm Hg

96-110
111-120
121-140
>140

0.58 (0.40—1.00)
Reference group
1.16 (0.83-1.60)
1.84 (1.34-2.53)

0.56 (0.30-1.03)
Reference group
1.15 (0.79-1.67)
1.30 (0.89-1.89)

0.50 (0.23-1.09)
Reference group
1.06 (0.68-1.64)
1.43 (0.92-2.23)

0.42 (0.18-0.99)
Reference group
1.00 (0.62-1.61)
1.04 (0.64-1.71)

0.64 (0.30-1.37)
Reference group
1.26 (0.77-2.08)
2.02 (1.25-3.25)

0.83 (0.33-2.04)
Reference group
1.37 (0.76-2.47)
1.67 (0.93-2.98)

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; OR, odds ratio; SBP, systolic blood pressure.
aFully adjusted model included age, sex, estimated glomerular filtration rate, urine protein—creatinine ratio, hemoglobin, albumin, phosphorus,
total cholesterol, C-reactive protein, body mass index, smoking status, baseline congestive heart failure, myocardial infarction, cerebral vascu-
lar disease, and the use of angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, beta-blockers,
alpha-blockers, and diuretics.
bDefined as an estimated glomerular filtration rate slope <—=5ml/min/1.73 m?/year.

DISCUSSION

We demonstrated, for the first time, that DM modified the
J-shaped relationship of SBP with cardiovascular and renal
outcomes in stage 3 and 4 CKD patients. Diabetic CKD
patients had 2.5-fold and 3.1-fold increased risk for cardio-
vascular and renal outcomes, respectively, at SBP 96-110 mm
Hg compared with SBP 111-120mm Hg, but the J-shaped

relationship was not observed in nondiabetic CKD patients

American Journal of Hypertension 27(11) November 2014

(Tables 3-5; Figure 1). Also, we found that heavy proteinuria
modified the J-shaped relationship between SBP and renal
outcomes in diabetic CKD patients (Table 5).

In diabetic CKD patients, our study showed a J-shaped
relationship of SBP with renal outcomes (Tables 3-5;
Figure 1). The J-shaped trend was also noted in the RENAAL
study, in which all participants had DM and nephropathy
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Low Systolic Blood Pressure and Outcomes
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Figure 1. Adjusted hazard ratio (HR) of clinical outcomes associated with diabetes mellitus and systolic blood pressure (SBP). (a) HR of cardiovascular
(CV) outcome in total, nondiabetic, and diabetic stage 3-4 chronic kidney disease (CKD) patients. (b) HR of renal outcome in total, nondiabetic, and
diabetic stage 3-4 CKD patients. (c) HR of all-cause mortality in total, nondiabetic, or diabetic stage 3-to 4 CKD patients. Significantly increased HR of CV
outcome and renal outcome is observed at SBP 96-110 mm Hg in diabetic patients with stage 3-4 CKD.

and the lowest SBP group was <130 mm Hg.!” However, no
J-shaped relationship between SBP and ESRD was observed
in a prospective cohort study of 218 CKD veterans, 48% with
diabetes.” These results imply that DM may be a key modifier
of the J-shaped relationship in CKD patients. Future large-
scale observational research or randomized controlled trials
should consider diabetes.

In nondiabetic CKD patients, we found no J-shaped rela-
tionship of SBP with renal outcomes and rapid renal function
decline (Tables 3-5; Figure 1). The risk for renal outcomes
was not different between heavy proteinuria and nonheavy

proteinuria groups of nondiabetic CKD patients (Table 5).
Several randomized controlled trials tested whether intensive
BP targets slow the progression of CKD in nondiabetic CKD
patients. No J-shaped relationship was observed in nondiabetic
CKD patients, regardless of the severity of proteinuria in the
African American Study of Kidney Disease!® and the Ramipril
Efficacy in Nephropathy Study," although the SBP target
might have been insufficiently low to demonstrate a J-curve.
However, Jafar et al. did find a J-shaped relationship between
SBP and renal outcomes in nondiabetic CKD patients with
proteinuria in a meta-analysis of 11 randomized controlled

American Journal of Hypertension 27(11) November 2014 1403



Chiang et al.

b) Total

9-
8-

£

S6

=

CER

=1

54 1

=3 4

=)

gz- | T

l

| - ’_I_l
0 | l

96-110 111-120 121-140 >140
Baseline systolic blood pressure (mm Hg)

Nondiabetic CKD
9 -
g8
£7 1
=)
26
=
CER
g4 -
2
537
=) ] T T
l -
0 | T 1 [
96-110 111-120 121-140 >140
Baseline systolic blood pressure (mm Hg)
Diabetic CKD
9 4
8 4
g
£7 ]
£6 1
=
S5
St
=3
z: ] |
= . — 1
0

96-110 111-120 121-140 >140
Baseline systolic blood pressure (mm Hg)

Figure 1. Continued

trials.'* The relationship between SBP and renal outcomes in
nondiabetic CKD patients with proteinuria is controversial,
and further analysis is necessary to clarify the lower end of safe
SBP limits.

For the relationship between SBP and cardiovascular
outcomes, our results showed diabetic CKD patients had
significantly increased risk of cardiovascular outcomes
at SBP 96-110mm Hg compared with SBP 111-120mm
Hg (Figure 1). This result is compatible with that of the
Irbesartan Diabetic Nephropathy Trial (IDNT), in which
the lowest SBP group, SBP <120mm Hg, was associated
with a significantly increased risk of cardiovascular deaths
(4.06-fold) and congestive heart failure events (1.8-fold).!?
Comparatively, nondiabetic CKD patients had no increased
risk for cardiovascular outcome at SBP 96-110mm Hg

1404 American Journal of Hypertension 27(11) November 2014

compared with SBP 111-120mm Hg (Tables 3-5). In the
African American Study of Kidney Disease trial with non-
diabetic CKD patients, the HR for cardiovascular mortal-
ity did not increase in the low BP target group (HR = 0.98;
P = 0.96), although the SBP target might have been insuf-
ficiently low to reveal a J-shaped relationship.?

Our study found no statistically significant J-shaped rela-
tionship of SBP with all-cause mortality in either diabetic or
nondiabetic CKD patients (Tables 3-5; Figure 1). This result is
compatible with several randomized control trials,>!*?!-% pro-
spective cohort studies,” and retrospective studies.”> Agarwal
found increased HR of all-cause mortality at SBP <130 mm Hg
in a prospective cohort study of 218 CKD veterans, 48% with
DM.” Kovesdy et al. noted increased HR of all-cause mortality
at SBP <133 mm Hg in a prospective cohort of 860 CKD stage
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3-5 patients, approximately half with DM.5 In diabetic CKD
patients, SBP <120 mm Hg significantly increases the relative
risk of all-cause mortality (3.05-fold) in the Irbesartan Diabetic
Nephropathy Trial IDNT).!? In nondiabetic CKD patients, the
evidence is limited. Further studies of such patients are neces-
sary to clarify the safest lower limit of SBP.

Previous studies focused separately on diabetic and non-
diabetic CKD patients. This study is the first to analyze the
impact of diabetes in the relationship between SBP and

clinical outcomes of CKD patients within the same study
design. Rapid renal function decline associates with higher
risk for the renal outcomes, and for the CV outcomes as
well.?¢ Based on our analyses, nondiabetic CKD patients had
significantly less rapid renal function decline at the lowest
SBP group compared with the reference group; however,
diabetic CKD patients did not. Rapid renal function decline
might associate with the modification of the J-shaped rela-
tionship between SBP and cardiovascular or renal outcomes
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Table 6. Adjusted hazard ratios of clinical outcome by diabetes mellitus status and baseline systolic blood pressure in patients with stage 3

or 4 chronic kidney disease taking regular antihypertensive agents

Total Adjusted HR (95% CI)?

Non-DM Adjusted HR (95% Cl)2

DM Adjusted HR (95% Cl)2

Cardiovascular outcomes: SBP, mm Hg

96-110 2.76 (1.26-6.02)
111-120 Reference group
121-140 1.82 (0.98-3.38)
>140 1.93 (1.05-3.55)
Renal outcomes: SBP, mm Hg
96-110 1.69 (0.78-3.67)
111-120 Reference group
121-140 1.30 (0.76-2.22)
>140 1.84 (1.11-3.04)
All-cause mortality: SBP, mm Hg
96-110 1.84 (0.73-4.59)
111-120 Reference group
121-140 1.65 (0.83-3.27)
>140 1.89 (0.96-3.71)

0.78 (0.15-4.12)
Reference group
1.27 (0.51-3.19)
1.31 (0.53-3.24)

5.01 (1.85-13.56)
Reference group

2.28 (0.96-5.38)

2.34 (1.005-5.46)

0.70 (0.21-2.32)
Reference group
0.85 (0.39-1.87)
0.86 (0.40-1.89)

2.85 (0.98-8.30)
Reference group

1.49 (0.71-3.12)

2.60 (1.29-5.26)

2.87 (0.78-10.62)
Reference group
1.87 (0.71-4.94)
2.12 (0.81-5.54)

1.40 (0.37-5.35)
Reference group
1.41 (0.52-3.80)
1.75 (0.66—4.61)

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; SBP, systolic blood pressure.

aFully adjusted model included age, sex, estimated glomerular filtration rate, urine protein—creatinine ratio, hemoglobin, albumin, phosphorus,
total cholesterol, C-reactive protein, body mass index, smoking status, baseline congestive heart failure, myocardial infarction, cerebral vascu-
lar disease, and the use of angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, beta-blockers,

alpha-blockers, and diuretics.

in diabetic CKD patients. Microvascular and macrovascular
complications of diabetes are well known. In animal studies,
ischemia delays recovery of renal regional blood flow in dia-
betic mice?” and aggravates chronic inflammation and vascu-
lopathy, accelerating renal failure in diabetic rats.?® Impaired
myogenic responsiveness of the afferent arteriole in diabetic
rats had been observed. The deranged renal microcircula-
tory response to pressure may contribute to the progression
of diabetic nephropathy.?® A complex interplay of oxidative
stress, endothelial dysfunction, profibrogenic cytokines, and
inflammatory mediators due to ischemia and renal hypop-
erfusion had been proposed.® Therefore, although the
mechanism of the changing relationship between SBP and
cardiovascular or renal outcomes remains obscure, micro-
vascular and macrovascular complications related to hypop-
erfusion in diabetic CKD patients may be a contributor.?®!
This study has several limitations. First, this is an obser-
vational study, unable to delineate causal relationships.
However, potential risks allow for only observational studies
to establish the lower safe limits of SBP. Second, the follow-
up duration was short (median = 2.91 years), and the rates
of mortality and cardiovascular events were relatively low.
Third, the analyzed BP was not the time-averaged BP dur-
ing the whole study but that during the 3 months before and
after enrollment. Fourth, the recorded BP was office BP, not
ambulatory-monitored BP, which would better correlate
with outcomes in both non-CKD?3*?* and CKD patients.*
In conclusion, DM modifies the J-shaped relationship of
SBP with cardiovascular and renal outcomes in stage 3 and
4 CKD patients. Diabetic CKD patients are at 2.5-fold and

1406 American Journal of Hypertension 27(11) November 2014

3.1-fold increased risk for cardiovascular and renal out-
comes, respectively, at SBP 96-110mm Hg compared with
SBP 111-120mm Hg, but the J-shaped relationship is not
observed in nondiabetic CKD patients. These findings sug-
gest that the optimal SBP range may be narrower in diabetic
CKD patients than in nondiabetic ones. Further analysis is
warranted to determine the lower safe limits of SBP in these
patients.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal
of Hypertension (http://ajh.oxfordjournals.org).
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