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ABSTRACT ARTICLE HISTORY
Aims: We investigated on-treatment systolic BP (SBP) <130, 130-139 and =140 mmHg Received 7 July 2025
related to nephroprotection in 3065 patients with proteinuria and 10,738 patients Revised 26 July 2025
without proteinuria in the VALUE Trial. Accepted 1 August 2025
Method and results: Worsened kidney function (WKF) was >=50% increase in serum KEYWORDS
creatinine, and end-stage kidney disease (ESKD) was dialysis/transplantation. Cox Blood pressure;
proportional hazards models were adjusted for covariates in the on-treatment SBP hypertension; kidney
groups. Lower SBP was significantly related to less WKF (p<.001) in patients with disease; nephropathy;
proteinuria, both at <130mmHg (n=14/529, 2.6%) and 130-139mmHg (n=46/1176, proteinuria; renal disease
3.9%) compared to >140mmHg (n=145/1358, 10.7%). None of the 532 patients with

proteinuria had ESKD at <130mmHg, and only 11/1194 (0.9%) at 130-139mmHg

(p=.098) compared to 39/1339 (2.9%) at SBP > 140 mmHg. In patients without proteinuria

the relation between lower SBP and WKF was not significant (p=.23) at <130mmHg

(n=24/1927, 1.2%) but significant (p=.04) at 130-139mmHg (n=74/4611, 1.6%)

compared to SBP > 140mmHg (n=117/4199, 2.8%). ESKD was 0.2%, 0.2% and 0.4% in

the SBP groups, respectively. WKF fell from 12.1% in Q1 (highest SBP quartile) to 6.1%

in Q2 (p=.023), 4.2% in Q3 (p=.006) and 2.8% in Q4 (p<.001) in patients with proteinuria

and ESKD from 3.5% (Q1) to 1.6% (Q2) (p=.13), 0.7% (Q3) (p=.027) and 0.1% in Q4

(p=.009). In the patients without proteinuria, neither WKF nor ESKD showed statistically

significant changes between SBP quartiles.

Conclusions: Our data suggest that, compared to SBP > 140 mmHg, on-treatment SBP

<130 and 130-139mmHg were strongly related to nephroprotection in hypertensive

patients with proteinuria.

PLAIN LANGUAGE SUMMARY

+  We investigated whether on-treatment SBP < 130 and 130-139mmHg was associated
with nephroprotection compared to SBP > 140mmHg in 3065 hypertensive patients
with proteinuria and in 10,738 hypertensive patients without proteinuria participating
in the Valsartan Antihypertensive Long-term Use Evaluation (VALUE) Trial.

»  Worsened kidney function (WKF) was defined as =50% increase in serum creatinine
and end-stage kidney disease (ESKD) as dialysis or transplantation.

- Lower SBP was highly significantly related to less WKF (p < .001) in patients with
proteinuria both at <130 and 130-139 compared to =140 mmHg.

- In the 531 patients with proteinuria, none had ESKD at <130mmHg and only 11 of
1183 (0.9%) at 130-139mmHg (p = .098), compared to 39 of 1351 (2.9%) at SBP
> 140 mmHg.

- Low SBP was not significantly related to WKF (p = .23) or ESKD in patients without
proteinuria.

« Analysed in quartiles of achieved BP, WKF fell from 12.1% in Q1 (highest BP quartile)
t0 6.1% in Q2 (p = .023), 4.2% in Q3 (p = .006) and 2.8% in Q4 (p < .001), respectively,
in patients with proteinuria and ESKD from 3.5% (Q1) to 1.6% (Q2) (p = .13), 0.7%
(Q3) (p = .027) and 0.1% (Q4) (p = .009).
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In patients without proteinuria neither WKF nor ESKD showed statistically significant
changes between quartiles.

Our data suggest that lower on-treatment SBP is strongly related to nephroprotection
in hypertensive patients with proteinuria.

Introduction

Hypertension and proteinuria are linked. Hypertension is one of the leading causes of nephropathy with
proteinuria, whereas nephropathy with proteinuria of other aetiologies often proceeds secondary hyper-
tension [1]. Antihypertensive treatment is therefore important in all forms of chronic kidney disease
(CKD). Appropriate antihypertensive treatment will reduce proteinuria, which per se is nephrotoxic, and
reduce hypertension-mediated kidney damage [2,3]. However, the optimal blood pressure (BP) target for
patients with proteinuria has no clear consensus. Although based on the same available evidence, hyper-
tension guidelines recommend different BP targets, weighing different aspects of the evidence differently
[4]. The Kidney Disease: Improving Global Outcomes (KDIGO) Guidelines recommend a systolic (S)BP
target <120mmHg, mainly based on the results of the Systolic Blood Pressure Intervention Trial (SPRINT),
without differentiation between present proteinuria or not [5]. However, patients with diabetes were
excluded from SPRINT, and the study did not show kidney protective effects of an intense BP-lowering
strategy in patients with CKD [6]. Both American and European guidelines recommend BP target
<130/80 mmHg, if well tolerated [7,8]. The American Diabetes Association (ADA) provides a Grade A
recommendation for an on-treatment BP goal of <130/80 mmHg if it can be safely attained [9].

The mechanism for the interplay between diabetes mellitus (DM), hypertension and CKD is a com-
plexity of factors beyond direct glomerular damage such as sodium retention, dyslipidemia, impaired
microvascular function with pre-capillary re-modelling, endothelial dysfunction, large artery stiffness,
sympathetic nervous system stimulation and activation of the renin-angiotensin-aldosterone system [10].

Observational data suggest a relationship between BP and CKD progression including progression
to end-stage kidney disease (ESKD) [11,12]. There are few, if any, randomised, controlled trials (RCTs)
investigating the effects of BP reduction on CKD in patients with proteinuria. However, a meta-analysis
of RCTs, showed no effect of intensive BP lowering in patients with CKD for overall endpoints [13].
A meta-analysis from 2013 found a kidney-protective effect of intensive BP lowering in patients with
CKD, especially in the presence of proteinuria [14]. The African-American Study of Kidney Disease
and Hypertension (AASK) reported a marked reduction in CKD progression in the presence of
baseline proteinuria with intensive BP lowering, although being neutral in its primary outcome [15].

The aim of the present study was to investigate the relationship between proteinuria, on-treatment
SBP and kidney protection. Based on observational data from the prospective, randomised and con-
trolled Valsartan Antihypertensive Long-term Use Evaluation Trial (the VALUE Trial), we investigated
the relationships of various achieved average SBPs on progression of CKD in patients with or without
proteinuria at baseline.

Patients and methods

The VALUE Trial, a multicentre, prospective, double-blinded, randomised, controlled clinical trial,
was performed by 969 investigators between 1997 and 2004, and the protocol and main results have
been reported previously [16]. The study was initiated and led by the investigators and was sponsored
by Novartis. The aim was to compare two antihypertensive drug regimens for preventing cardiac
morbidity and mortality in high-risk hypertensive patients aged 50years or older. The study showed
no difference between the amlodipine group and the valsartan group on the primary cardiac endpoint
[16] and the two groups have later been combined for further observational analyses. In 2011, one
of the authors (SEK) gained full access to and responsibility for the database, in agreement with the
funder. Novartis has no role in the present study.
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Participants

Hypertensive patients 50years or older with high cardiovascular risk were included in the VALUE
Trial [17,18]. The trial was approved by relevant ethics committees, and it included written informed
consent from all the participants in 31 countries.

Investigators utilised a specific predefined age- and risk factor-dependent algorithm to recruit the
high-risk hypertensives. The qualifying risk factors included DM, cigarette smoking, hypercholestero-
laemia, electrocardiographic (ECG) left ventricular hypertrophy (LVH) without strain (ECG-LVH
determined by Cornell voltage-duration product or Sokolow-Lyon voltage criteria), proteinuria (i.e.
1+ or more on dipstick in a morning urine specimen) at two independent occasions a minimum of
4weeks apart, and serum creatinine >150 umol/L. The qualifying disease factors included documented
history of myocardial infarction or significant coronary heart disease (e.g. documented on arterio-
gram), peripheral vascular disease, cerebral stroke or transient ischaemic attack, or the presence of
LVH with strain on ECG. For male patients aged between 50 and 59years, at least three risk factors
or one disease factor was required to be entered into the trial. For female patients between 50 and
59years, at least two risk factors and one disease factor or two disease factors were required. For
men and women between 60 and 69years, at least two risk factors or one disease factor were required,
and for patients above the age of 70vyears, only one risk factor or one disease factor was required
for randomisation.

Exclusion criteria included pregnancy, renal artery stenosis, either myocardial infarction, percuta-
neous coronary intervention or coronary artery bypass surgery during the last 3 months, medically
relevant valvular disease, cerebrovascular events during the last 3 months, severe hepatic disease,
severe CKD (defined as serum-creatinine >265 umol/L), congestive heart failure requiring angiotensin
converting enzyme inhibitor and patients using beta-blockers for both coronary artery disease and
hypertension.

Patients with previously treated hypertension were eligible if SBP was <210 mmHg and diastolic
(D)BP was <115mmHg. Untreated hypertensive patients were eligible if SBP was between 160 and
210mmHg, and DBP was <115mmHg. Before randomisation, patients already on antihypertensive
treatment discontinued their current medication and started randomised study drugs (valsartan or
amlodipine) without a wash-out phase (‘roll-over’). Drug regimens consisted of an initial dose of
80mg valsartan or 5mg amlodipine, with a treatment target of BP <140/90 mmHg. If target was not
reached, the doses were doubled, and hydrochlorothiazide (12.5mg and 25mg) and other antihyper-
tensive drugs were added to achieve BP target, according to a prespecified protocol.

Outcomes of interest

Patients were followed monthly during the first 6 months, thereafter every 6 months. BP was mea-
sured at each follow-up visit using a calibrated sphygmomanometer or a digital device after five
minutes of seated rest, in accordance with the previous and current hypertension guidelines. In the
VALUE Trial, patients were followed for 4-6years, with a maximum of 72 months until first cardiac
event, which was the primary endpoint of the study. This endpoint comprised fatal and non-fatal
myocardial infarction, sudden cardiac death, death for revascularisation procedures, death from or
hospitalisation for heart failure and emergency procedures to prevent myocardial infarction. Secondary
endpoints included all cardiovascular events, non-cardiovascular and all-cause mortality. Among other
pre-specified endpoints were worsened kidney function (WKF) and ESKD consisting of renal replace-
ment therapy either as dialysis or kidney transplantation.

Statistical analysis

The present study is an observational sub-study based on the prospective and randomised data
from the VALUE Trial. In the study, we have only included patients without cardiovascular events
during the first 6 months after randomisation. This 6-month period represented an up-titration
phase and BPs and possible endpoints from this period would not be representative due to roll-over
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from previous antihypertensive medication (92% of included patients had prior antihypertensive
treatment), as previously elaborated upon [19]. After the initial 6 months, patients with at least
three study visits were included, and BP was registered as achieved average BP during the
follow-up period.

In a preliminary analysis [19] we excluded patients with ECG-LVH because ECG-LVH may affect
the relationships between achieved SBPs and outcomes [20]. However, in the main analysis of kidney
endpoints in VALUE we maintained the large group of n=2458 patients with ECG-LVH when inves-
tigating kidney protection related to achieved average BP [21]. Thus, with such precedence for inves-
tigating kidney outcomes related to achieved average SBPs with ECG-LVH patients included we have
followed this approach also in the present study.

The endpoints in the present study were occurrence of WKF or ESKD. WKF was defined as at
least 50% increase in serum creatinine from baseline at a minimum of two occasions with at least
4 weeks apart. ESKD was defined as initiation of renal replacement therapy either as dialysis or kidney
transplantation. Both WKF and ESKD were pre-specified secondary endpoints in the VALUE Trial
which were adjudicated by the endpoint committee during the trial.

Average achieved SBP was calculated until the occurrence of a prespecified event or end of study.
Survival analyses were performed using Cox proportional hazards models with participants stratified
into ranges of achieved average SBP throughout the follow-up period with =140 mmHg as reference.
Subgroups of patients were divided according to achieved average SBP <130, 130-139 and 2140 mmHg
(Figure 1) like we recently analysed patients with or without diabetes at baseline [22]. Additional
analyses were performed with participants divided into quartiles of achieved average SBP. Analyses
were performed for the total population (n=13,803), with subgroup analysis based on proteinuria
present (n=3065) or absent (n=10,738) at inclusion. All regression analyses were adjusted for baseline
variables: age, gender, SBP, DBP, body mass index, high serum cholesterol (>6.2mmol/L or >240 mg/
dL), smoking status, previous stroke, previous myocardial infarction, peripheral artery disease, treat-
ment allocation, presence of LVH and estimated glomerular filtration rate (eGFR).

A limited number of patients had on-treatment DBP > 90 mmHg (n=662 in the main study and
n=422 in the present sub-study), and we have therefore not included results related to DBP.

Data are presented as mean with standard deviation (SD) or point estimates with 95% confidence
interval. Between-group differences are presented as hazard ratios (HR), and level of significance was
set to a two-sided p value of <.05. Statistics were performed using SPSS (IBM SPSS Statistics, version
28.0.1.0, Armonk, NY). We did not impute for some few missing data points exemplified by n=3063
patients with proteinuria investigated for WKE.

Results

A total of 15,245 patients were enrolled in the VALUE Trial, and there was no difference in the
primary cardiac outcome between the amlodipine and the valsartan treatment arms. Of these, 13,803
patients did not encounter cardiovascular events during the first 6 months of the study, and they
had a minimum of three follow-up study visits thereafter. Thus, they were eligible for the present
study (Figure 1). Mean follow-up time for the included patients (n=13,803) was 52.2 months (SD 10.2).

Characteristics of participants

Baseline characteristics for the included patients, both the total population (n=13,803) and patients
with and without proteinuria at baseline, are presented in Table 1. Proteinuria was present at baseline
in 3065 patients (22.2%), of which 43.6% were female and average age was 66.0years (SD 8.0). In
the non-proteinuria population (1#=10,738), 42.2% were female and average age was 67.4years (SD
8.1). In the proteinuria and non-proteinuria populations, mean se-creatinine at baseline was 104.8 umol/L
(SD 29.8umol/L) and 99.2umol/L (SD 20.6 umol/L), respectively. Thus, the presence of proteinuria
shown with dipstick 1+ twice comes with a trend for slightly higher se-creatinine which has not been
investigated further.
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Figure 1. Flow chart.

Achieved average SBP in the groups of patients (<130, 130-139, =140 mmHg)

Achieved average SBP in the stratified study groups are shown in Figure 2. SBP averaged 149-
150 mmHg in patients with SBP 2140 mmHg, 135mmHg in all three groups with SBP 130-139 mmHg
and 125mmHg for all three groups of patients with SBP <130 mmHg. The scatter was minimal for
the range 130-139 mmHg whereas SBP =140 mmHg had scatter upwards and SBP <130 mmHg down-
wards (visualised in Figure 2, details not shown).

Kidney endpoints in patients with proteinuria at baseline according to achieved SBP

Lower SBP was significantly associated with less WKF (p<.001) in patients with proteinuria, both at
<130 mmHg (HR = 0.41, 95% CI 0.23-0.73) and 130-139 mmHg (HR = 0.53, CI 0.37-0.75) compared
to 2140 mmHg (Table 2, Figure 3).

In the 532 patients with proteinuria, no patient experienced ESKD at <130 mmHg and only 11 of
1194 patients (0.9%) at 130-139 mmHg (p=.098) compared to 39 of 1339 patients (2.9%) at SBP
>140 mmHg (Table 2, Figure 3).

Kidney endpoints in patients without proteinuria at baseline according to achieved SBP

The effects of low SBP on WKF was not significant (p=.23) in patients without proteinuria at
<130mmHg (HR = 0.75, CI 0.47-1.20) but significant (p=.04) at 130-139mmHg (HR = 0.72, CI
0.53-0.99) compared to SBP =140 mmHg (Table 2, Figure 3).

Few patients without proteinuria at baseline had ESKD with no significant differences between
groups (Table 2, Figure 3). The percentages were 0.2%, 0.2% and 0.4% in the SBP groups, respectively.
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Figure 2. Achieved average SBP (SD) in the SBP ranges in the total group (n=13,803), in patients with baseline pro-
teinuria (n=3065) and in patients without baseline proteinuria (n=10,738).

Table 2. Kidney endpoints related to ranges of achieved average SBP in the total group (n=13,803) and in groups
with (+) (n=3065) and without (—) (n=10,738) proteinuria at baseline.

Kidney endpoints

Groups SBP =140mmHg (reference) SBP 130-139mmHg SBP <130mmHg

Worsened kidney function (WKF) n=262/5557 (4.7%) n=120/5787 (2.1%) n=38/2456 (1.5%)

Total group (n=13,803) HR = 0.590 (Cl 0.469-0.742) HR = 0.568 (Cl 0.39-0.817)
p<.001 p<0.001

Worsened kidney function (WKF) n=145/1358 (10.7%) n=46/1176 (3.9%) n=14/529 (2.6%)

Proteinuria (+) baseline (n=3063) HR = 0.531 (Cl 0.374—-0.754) HR = 0.412 (Cl 0.232-0.732)
p<.001 p<0.001

Worsened kidney function (WKF) n=117/4199 (2.8%) n=74/4611 (1.6%) n=24/1927 (1.2%)

Proteinuria (-) baseline (n=10,738) HR = 0.723 (Cl 0.530-0.985) HR = 0.748 (Cl 0.465-1.203)
p=.040 p=0.231

End-stage kidney disease (ESKD) n=57/5546 (1.0%) n=21/5791 (0.4%) n=4/2465 (0.2%)

Total group (n=13,803) HR = 0.532 (Cl 0.313-0.903) HR = 0.309 (CI 0.108-0.890)
p=.019 p=0.030

End-stage kidney disease (ESKD) n=39/1351 (2.9%) n=11/1183 (0.9%) n=0/531 (0%)

Proteinuria (+) baseline (n=3065) HR = 0.550 (Cl 0.271-1.117) N/A due to no registered events
p=.098

End-stage kidney disease (ESKD) n=18/4195 (0.4%) n=10/4608 (0.2%) n=4/1934 (0.2%)

Proteinuria (=) baseline (n=10,738) HR = 0.749 (Cl 0.324-1.729) HR = 1.123 (Cl 0.335-3.770)
p=.498 p=.851

HR, hazard ratio; Cl, confidence interval; N = events/patients (%).

Figure 3. Forest plot of kidney endpoints (WKF, ESKD) in ranges of achieved average SBP in the total group (n=13,803)
and in groups with (n=3065) and without (n=10,738) proteinuria at baseline. Hazard ratios and 95% Cls compared
with achieved average BP =140 mmHg. No patients with proteinuria at baseline had ESKD at achieved SBP <130 mmHg.

Kidney endpoints in patients with proteinuria at baseline according to SBP quartiles

Stratified analyses for BP quartiles showed that WKF fell from 12.1% in Q1 (highest achieved BP)
to 6.1% in Q2 (p=.023), 4.2% in Q3 (p=.006) and 2.8% in Q4 (p<.001), respectively, in patients
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with proteinuria and ESKD from 3.5% (Q1) to 1.6% (Q2) (p=.13), 0.7% (Q3) (p=.027) and 0.1% in
Q4 (p=.009) (Table 3, Figure 4).

Kidney endpoints in patients without proteinuria at baseline according to SBP quartiles

In patients without proteinuria neither WKF nor ESKD showed statistically significant differences
between quartiles (Table 3, Figure 4).

When the cohort of patients with and without proteinuria at baseline was combined (Tables 2 and
3, Figures 3 and 4), kidney endpoints and statistical effects were influenced by patients with and
without proteinuria and the graphs visualised findings in-between the two groups.

On-treatment diastolic BP

Lower on-treatment ranges of DBP and quartile analyses did show less kidney endpoints with lower
achieved average DBP (data not shown because of the uncertainty with only n=422 patients with
on-treatment DBP >90 mmHg).

Kidney endpoints in patients with proteinuria and treatment with amlodipine and valsartan

For WKF the difference between the two treatment arms in patients with proteinuria was not sig-
nificant (HR 1.26, 95% CIs 0.97-1.65, p=.085). In patients without proteinuria the difference for
WKEF was highly significant in favour of amlodipine (HR 1.72, 95% CIs 1.32-2.25, p=.001) [21]. For
ESKD there was no difference between the two treatment arms neither in patients with proteinuria
(HR 0.91, 95% CIs 0.54-1.52, p=.72) nor in patients without proteinuria (HR 1.20, 95% CIs 0.63-2.29,
p=.59).

Table 3. Kidney endpoints related to ranges of achieved average SBP in the total group (n=13,803) and in groups
with (+) (n=3065) and without (=) (n=10,738) proteinuria at baseline.

Groups

Quartile 1 (Reference)

Quartile 2

Quartile 3

Quartile 4

Worsened kidney function
(WKF)
Total group (n=13,803)

Worsened kidney function
(WKF)

Proteinuria (+) baseline
(n=3063)

Worsened kidney function
(WKF)

Proteinuria (-) baseline
(n=10,738)

End-stage kidney disease
(ESKD)
Total group (n=13,803)

End-stage kidney disease
(ESKD)

Proteinuria (+) baseline
(n=3065)

End-stage kidney disease
(ESKD)

Proteinuria () baseline
(n=10,738)

SBP 153.8 (SD 9.1)
n=186/3450 (5.4%)

SBP 154.2 (SD 9.2)
n=111/916 (12.1%)

SBP 153.6 (SD 9.0)
n=75/2534 (2.9%)

SBP 153.7 (SD 9.0)
n=45/3445 (1.3%)

SBP 154.0 (SD 9.0)
n=32/913 (3.5%)

SBP 153.6 (SD 9.0)
n=13/2532 (0.5%)

SBP 140.8 (SD 1.9)
n=108/3447 (3.1%)

HR = 0.749 (CI
0.586-0.957)
p=.021

SBP 140.8 (SD 1.9)
n=44/727 (6.1%)
HR = 0.655 (Cl
0.455-0.942)
p=.023
SBP 140.8 (SD 1.9)
n=64/2720 (2.4%)
HR = 0.974 (CI
0.690-1.375)
p=.881
SBP 140.8 (SD 1.9)
n=22/3451 (0.6%)
HR = 0.651 (Cl
0.384-1.104)
p=.111
SBP 140.7 (SD 1.9)
n=12/731 (1.6%)

HR = 0.585 (CI
0.291-1.178)
p=.133

SBP 140.8 (SD 1.9)
n=10/2720 (0.3%)

HR = 0.989 (CI
0.413-2.369)
p= 981

SBP 135.1 (SD 1.6)
n=71/3447 (2.1%)
HR = 0.577 (CI
0.431-0.772)
p<.001
SBP 135.1 (SD 1.7)
n=30/710 (4.2%)
HR = 0.547 (CI
0.357-0.840)
p=.006
SBP 135.1 (SD 1.6)
n=41/2737 (1.5%)
HR = 0.705 (CI
0.469-1.058)
p=.091
SBP 135.1 (SD 1.6)
n=10/3451 (0.3%)
HR = 0.377 (CI
0.183-0.777)
p=.008
SBP 135.1 (SD 1.7)
n=>5/711 (0.7%)
HR = 0.327 (CI
0.121-0.879)
p=.027
SBP 135.1(SD 1.6)
n=>5/2742 (0.2%)
HR = 0.607 (CI
0.199-1.849)
p=.379

SBP 126.6 (SD 4.8)
n=55/3456 (1.6%)
HR = 0.525 (Cl
0.377-0.732)
p<.001
SBP 126.3 (SD 4.9)
n=20/710 (2.8%)
HR = 0.400 (Cl
0.239-0.670)
p<.001
SBP 126.7 (SD 4.7)
n=35/2746 (1.3%)

HR = 0.729 (CI
0.467-1.140)
p=.166

SBP 126.6 (SD 4.8)
n=>5/3451 (0.1%)
HR = 0.205 (CI
0.077-0.545)
p=.001
SBP 126.2 (SD 4.9)
n=1/710 (0.1%)
HR = 0.067 (CI
0.009-0.509)
p=.009
SBP 126.7 (SD 4.7)
n=4/2732 (0.1%)
HR = 0.611 (CI
0.173-2.164)
p=.446

HR, hazard ratio; Cl, confidence interval; N, events/patients (%).
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Figure 4. Forest plot of kidney endpoints (WKF, ESKD) in quartiles of achieved average SBP in the total group (n=13,803)
and in groups with (n=3065) and without (n=10,738) proteinuria at baseline. Hazard ratios and 95% Cls compared
with achieved average SBP =140 mmHg.

Discussion

In the present study, we investigated whether on-treatment SBP < 130 and 130-139 mmHg inferred
nephroprotection compared to SBP > 140 mmHg in 3065 patients with proteinuria and 10,738 patients
without proteinuria at baseline participating in the VALUE Trial. Lower achieved average SBP was
highly significantly (p<.001) associated with less WKF in patients with proteinuria both at <130 and
130-139 compared to 2140 mmHg. In the 531 patients with proteinuria none had ESKD at an achieved
SBP <130mmHg and only 11 of 1183 (0.9%) at SBP 130-139mmHg (p=.098) compared to 39 of
1351 (2.9%) at SBP > 140mmHg. In contrast, lower achieved SBP was not significantly (p=.23)
associated with less WKF in patients without proteinuria at <130 mmHg but significantly associated
(p=.04) at 130-139 mmHg, compared to SBP 2140 mmHg. ESKD was present in 0.2%, 0.2% and 0.4%
in the SBP groups, respectively. In stratified analyses in quartiles of achieved SBP, WKF was found
in 12.1% in Q1 (highest BP), 6.1% in Q2 (p=0.023), 4.2% in Q3 (p=0.006) and 2.8% in Q4 (p<0.001),
respectively, in patients with proteinuria. Furthermore, proteinuric patients demonstrated ESKD in
3.5% (Ql1), 1.6% (Q2) (p=.13), 0.7% (Q3) (p=.027) and 0.1% (Q4), respectively (p=.009). In patients
without proteinuria neither WKF nor ESKD were significantly different between quartiles.

The optimal BP target for patients with CKD has not been settled, and the major guidelines are
conflicting. Earlier meta-analyses do not support lower treatment targets in patients with CKD, for the
prevention of kidney endpoints [23,24], whereas other studies find effects, possibly more pronounced
in the presence of proteinuria [14]. In the AASK, non-diabetic patients with hypertensive CKD
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(glomerular filtration rate 20-60 ml/min), moderate proteinuria (protein-to-creatinine ratio < 2.5) and
DBP >95mmHg were randomly assigned to intensive or standard BP goals (mean arterial BP target
<93mmHg or 102-107 mmHg, respectively) and ramipril, amlodipine or metoprolol in a 3 x2 factorial
design [15]. The primary endpoint was progression of CKD defined as a decline in GFR using iothalamate
clearance, ESKD or death. Of the 2808 screened patients, 1094 were included. Mean BPs in the intensive
and standard BP target group were 130/78 mmHg and 141/86 mmHg, respectively. The study was neutral
for the overall study population. In the subgroup with elevated baseline proteinuria, however, there was
a significantly lower HR for the composite primary endpoint in the intensive treatment group compared
to the standard treatment group (HR 0.73, 95% CI 0.58-0.93, p=.01). The same trend was seen for the
secondary endpoint of doubled serum creatinine, ESKD or death, separately. In the intensive treatment
group, proteinuria decreased by 17% compared to an increase of 7% in the standard treatment group
[25]. Results of the present study are in line with but provide major extension of the AASK findings.

The KDIGO guidelines, which mainly are based on SPRINT results, recommend an intensive
treatment strategy. However, it is hard to establish kidney protecting benefits from intensive BP
reduction, that is, SBP <120 mmHg, as SPRINT data showed a rise, though temporarily, in serum
creatinine. In SPRINT, patients with diabetes, the numerically largest population with hypertension
and proteinuric CKD, were excluded and only patients with mild baseline proteinuria (24-hour urinary
protein excretion <1g/day) were included. SPRINT was powered for cardiovascular endpoints and
only 1.2% of CKD patients experienced a composite kidney endpoint [6]. European and American
guidelines for management of arterial hypertension do not distinguish between diabetic and non-diabetic
patients, nor between proteinuric and non-proteinuric patients, and recommend a treatment target
of <130/80mmHg in all patients, if well tolerated [7,8]. The nephroprotection by lower achieved
average SBP is the same in the patients with diabetes compared to the rest of the high-risk hyper-
tensive population who participated in the VALUE Trial [22]. However, the results in our study, to
our knowledge, provide the first true study findings supporting this BP treatment target to prevent
kidney endpoints in proteinuric patients.

There may be further benefit from even more intensive reduction in SBP, but our data cannot
fully explore this hypothesis, due to a low number of events in the groups with the lowest achieved
SBP. In the ACCOMPLISH study, optimal treatment target for patients with CKD was <130 mmHg
but not <120mmHg [26]. In SPRINT, many patients with CKD had worsening of kidney function if
treated <120mmHg. A pooled analysis of all observational studies regarding optimal BP target in
CKD patients would be interesting, since there has not been an RCT in patients with CKD and
proteinuria investigating a treatment target of SBP <140, <130 or <120 mmHg.

We hypothesise a direct pathophysiological link between proteinuria and protective effects of SBP
reduction. High SBPs reaching the glomerulus will lead to glomerular damage and subsequent pro-
teinuria. Intense antihypertensive treatment will reduce this effect and slow the progression of CKD.
Proteinuria is often more pronounced in diabetic kidney disease, due to several pathophysiological
mechanisms and as opposed to early hypertensive nephrosclerosis, which may explain the effects of
low average achieved BP in diabetic patients. However, the beneficial effect of intensive antihyper-
tensive treatment is largest among those with baseline proteinuria, i.e. the participants with the most
pronounced glomerular damage.

We mention specifically our recent two publications [21,22], which documented based on the
results from the VALUE Trial, that lower SBP is associated with lower progression of CKD. It seems,
however, that based on the present data these results are true first for subpopulation with proteinuria.
This is important information for clinicians and in support for on-target SBP below 130 mmHg in
high-risk hypertensive patients 50-80years of age or even older in as much as about 5% of study
participants were above 80years at baseline and the trial lasted for up to 6years.

The ADA recommends target BP <140/90 mmHg for patients with diabetes, with the results from
the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study as the foundation for their
recommendation [9]. ACCORD is the only RCT investigating optimal BP targets in a diabetic pop-
ulation [27]. Several aspects have been pointed out as possible explanation for the outcome of the
study [28-30]. Further, the study compared SBP <140 mmHg to <120 mmHg, with the latter possibly
being a too low treatment target, or difference that could not be shown as statistical power was lost
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with few endpoints - a paradox partly seen in also our VALUE sub-study for the lowest achieved
SBPs. As diabetes is the most common cause of CKD together with hypertension, it is important to
establish the optimal targets for antihypertensive treatment in diabetic patients. An expected outcome
for diabetic and hypertensive patients is progression to advanced CKD and proteinuria in the long-term
perspective. Results from the present analysis suggest uniform and intensive BP lowering strategy
with a target of <130/80 mmHg in the presence of proteinuria. There is limited literature regarding
this topic but some support of such approach in patients with proteinuria can be found in a
meta-analysis of 1860 patients published while the VALUE Trial was still in progress [31].

In this study, only participants without cardiovascular endpoints the first 6 months of the follow-up
were included, and average achieved SBP is calculated from follow-up visits after the initial six-month
run-in period. As previously elaborated upon [19], this was done to exclude non-representative BP
measurements from a period of up-titration. Analysis of randomised treatment arms, amlodipine
versus valsartan [21], included the initial 6 months but did not show any difference between the arms
related to proteinuria or not for ESKD though WKF showed an apparent benefit for amlodipine in
patients without proteinuria.

The achieved average BP in the VALUE Trial was not determined by patient specific factors but
by the investigators’ ability to up-titrate study medication according to the protocol. What we char-
acterise as ‘investigator inertid® was the main driver of achieved BP in the individual patients as
discussed in detail [22]. The reasons for why study investigators had such reluctant attitude towards
up-titrations of medication to achieve BP control in the VALUE Trial and in other RCTs are unknown.
As always in outcome mega-trials the cause-consequence relationship cannot always be determined
with 100% certainty though the outcomes that we report in the VALUE Trial were mainly due to
the decreases in BP in the study in as much as achieved BP in individual patients was determined
by the investigator’s adherence with the up-titration scheme in the study protocol [22].

Our study had some possible limitations. Most importantly we report an observational aspect of an
RCT. Thus, the data come from an RCT, the endpoints were prespecified, and they were adjudicated by
an expert endpoint committee. There was a long follow-up time, and few patients were lost to follow-up.
To consolidate our findings, we performed analyses both of on-target SBP ranges and of quartiles. And
we compared with the study patients without proteinuria at baseline. Our conclusion is solely based on
events of prespecified endpoints and not on the presence of adverse events of low achieved average SBP.
RCTs are needed to investigate the optimal SBP levels to reduce endpoints as well as adverse events.

Our analyses do not account for patients who may have developed proteinuria throughout the
follow-up time in as much as the presence of proteinuria was investigated at baseline only (for the
purpose of identifying a qualifying risk variable for participation in the study). This may potentially
impact results, although we believe that this will rather exacerbate the beneficial findings of low
achieved SBP. The statistical power was estimated for the original VALUE Trial, rendering some of
the analyses in the present study paradoxically underpowered.

A possible limitation is also the dipstick approach which was standardised to a morning urine spec-
imen to minimise the influence by the concentration of the urine. Albumin/creatinine ratio (ACR) would
have been recommended today for diagnosing proteinuria. The VALUE Trial was conducted several years
ago explaining how we defined proteinuria at baseline simply by two dipstick readings of 1+ for urine
protein performed at least 4weeks apart. We did not quantify proteinuria but simply determined a yes/
no decision for proteinuria in each patient. Using dipstick like this was chosen to facilitate the work for
investigators to identify a high-risk characteristic and thus patient inclusion. Overall, however, it is our
opinion that including patients with proteinuria by two dipstick readings of 1+ performed at least 4 weeks
apart fulfilled its purpose and identified the patient group (n=3065) investigated in the present study
with quite remarkable beneficial kidney effects of low on-treatment SBP <130 mmHg.

The VALUE Trial was conducted more than 20 years ago, and the methods used for assessing
kidney function and proteinuria reflect this. Kidney function was assessed as se-creatinine at baseline
(Table 1) and at yearly follow-ups, and these analyses were performed at central laboratories. For the
present analyses, we calculated eGFR (data not shown) and the statistical analyses were adjusted for
eGFR at baseline (see Statistical analysis section). Proteinuria at baseline was based on morning urine
dipstick measurement performed locally. Urine ACR was not measured.
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Further, all participants were survivors of the first 6 months, and the patients who were investigated
had to survive three later study visits which may have introduced a limited but unavoidable immortal
time bias.

It needs to be highlighted that most patients in the lowest SBP quartile still had on-treatment SBP
>120mmHg (average approximately 126 mmHg, Table 3). The same for the achieved average SBP of
125mmHg in the SBP range <130 mmHg (Figure 2). Thus, we can make no conclusion for on-treatment
SBP <120mmHg. In fact, the 2023 European Society of Hypertension guidelines [8] recommended
that, due to cardiovascular concerns as demonstrated in patients with ECG-LVH [19,20], we should
not lower SBP in middle-aged and older hypertensive patients to less than 120 mmHg and below
130mmHg only if well tolerated.

To conclude, in hypertensive patients aged 50 to 80years or older, with high cardiovascular risk,
average on-treatment SBP 130-139 mmHg was related to fewer kidney endpoints, indicating preser-
vation of kidney function, with the lowest risk achieved with on-treatment SBP <130 mmHg.
Furthermore, intensive antihypertensive treatment was particularly beneficial in patients with protein-
uria, e.g. in patients with mild CKD with already glomerular damage.
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