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ABSTRACT
Angiotensin-converting enzyme inhibitors (ACEi) for renin-angiotensin-aldosterone system (RAAS) blockade are
routinely used to slow CKD progression. However, vitamin D may also promote renoprotection by suppressing
renin transcription through cross-talk between RAAS and vitamin D-fibroblast growth factor-23 (FGF-23)-Klotho
pathways. To determine whether vitamin D levels influence proteinuria and CKD progression in children, we
performed a post hoc analysis of the Effect of Strict Blood Pressure Control and ACE Inhibition on Progression of
CKD in Pediatric Patients (ESCAPE) cohort. In 167 children (median eGFR 51 ml/min per 1.73 m2), serum
25-hydroxyvitaminD (25(OH)D), FGF-23, andKlotho levelsweremeasuredatbaselineandafter amedian8months
onACEi.Childrenwith lower 25(OH)D levels hadhigher urinaryprotein/creatinine ratios at baseline (P=0.03) and at
follow-up (P=0.006). Levels of 25(OH)D and serum vitamin D-binding protein were not associated, but 25(OH)D
#50nmol/LassociatedwithhigherdiastolicBP (P=0.004).ACEi therapyalsoassociatedwith increasedKlotho levels
(P,0.001). The annualized loss of eGFR was inversely associated with baseline 25(OH)D level (P,0.001, r=0.32).
Five-year renal survivalwas75% inpatientswithbaseline25(OH)D$50nmol/L and50% in thosewith lower25(OH)
D levels (P,0.001). This renoprotective effect remained significant but attenuated with ACEi therapy (P=0.05).
Renal survival increased 8.2% per 10 nmol/L increase in 25(OH)D (P=0.03), independent of eGFR; proteinuria, BP,
and FGF-23 levels; and underlying renal diagnosis. In childrenwithCKD, 25(OH)D$50 nmol/Lwas associatedwith
greater preservation of renal function. This effect was present but attenuated with concomitant ACEi therapy.
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Proteinuria and hypertension are major determi-
nants of CKD progression and contribute to glomer-
ulosclerosis, interstitial inflammationandprogressive
renal scarring, which aremediated, in part, through
activation of the renin-angiotensin-aldosterone
system (RAAS).1 Decreasing proteinuria, regard-
less of its cause, is beneficial in slowing progressive
loss of renal function.2,3 Clinical trials of proteinuric
chronic nephropathies indicate that RAAS inhibition
with angiotensin-converting enzyme inhibitors

(ACEi) and angiotensin II receptor blockers
(ARB) can attenuate CKD progression,2–4 yet there
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are patients who only partially benefit from ACEi/ARB treat-
ment.4,5 The combination of an ACEi and ARB,6 increased
doses of each,7 or the addition of renin blockade with aliskiren8

have had little effect on renal preservation. Recent studies have
suggested that vitamin D can suppress renin gene transcrip-
tion,9 and that angiotensin II decreases renal Klotho expres-
sion.10 This “cross-talk” between the RAAS and the vitamin
D-fibroblast growth factor 23 (FGF23)-Klotho pathways sug-
gests thatmodulation of one system can have positive effects on
the other.

Low vitamin D levels have been associated with pro-
teinuria in animalmodels andpatientswith proteinuric renal
failure. In preclinical models, paricalcitol, a selective acti-
vator of the vitamin D receptor, reduced albuminuria and
slowed the progression of kidney injury.11 Knockout of the
vitamin D receptor in diabetic mice was associated with se-
vere albuminuria and glomerulosclerosis.12 In models of
diabetic nephropathy, combined treatment with paricalcitol
and an ARB blocked the development of albuminuria, re-
duced renal expression of renin, maintained the structure of
the glomerular filtration barrier, and reduced glomerulo-
sclerosis.13 In a randomized controlled trial the addition
of paricalcitol to ACEi or ARB therapy safely reduced resid-
ual albuminuria in patients with diabetic nephropathy.14 In
addition, vitamin D may have a blood pressure lowering
effect.15

There is a high prevalence of vitamin D deficiency in
children, starting from early stages of CKD.16 Thismay, in part,
account for proteinuria that is seen with advancing renal fail-
ure and possibly explain reduced the response to ACEi/ARB
treatment. Previous studies have not looked at an association
between vitamin D levels and proteinuria in patients without a
primary proteinuric renal disease. Also, it is not known at
what level, if any, vitamin D is renoprotective.

We hypothesize that normal 25(OH)D levels are associ-
ated with reduced proteinuria and attenuate CKD progres-
sion in children. We performed a post-hoc analysis of the
ESCAPE trial (Effect of Strict Blood Pressure Control and
ACE Inhibition on the Progression of Renal Failure in
Pediatric Patients) to examine an association between 25(OH)D
levels and proteinuria, hypertension, and renal survival
and to study a mechanism for 25(OH)D effects on RAAS
blockade.

RESULTS

One hundred sixty-seven children from the original ESCAPE
trial were included in this post-hoc analysis. At baseline, the
median age of the study cohort was 11.4 (8.0–13.8) years and
median eGFR 50.9 (35–63)ml/min per 1.73m2. There were 98
boys (59%). Underlying diagnoses were congenital anomalies
of the kidneys and urinary tract (CAKUT) in 129 (77.3%),
glomerulopathies in 15 (9%), and other congenital or hered-
itary nephropathies in 23 (13.7%) patients. The median

urinary PCR at baseline was 0.74 (0.23–1.84) mg/mg (=83.6
[26–208] mg/mmol). None of the patients had nephrotic syn-
drome.

Clinical details of the study population are described in
Table 1. The number of patients on vitamin D supplements
(cholecalciferol) and active vitamin D analogs (all on calcitriol)
were comparable at baseline and follow-up (Table 1). There was
no difference in 25(OH)D levels between patients who received
cholecalciferol supplementation versus those not on any vitamin
D therapy at any time point (P=0.09).

Lower 25-Hydroxyvitamin D Levels Are Associated
with Greater Proteinuria
At baseline, children with the lowest 25(OH)D levels had the
highest levels of proteinuria (P=0.03, r=–0.17; Figure 1A).
After ACEi treatment for a median of 8 months, children
with higher 25(OH)D levels continued to have lower levels
of proteinuria (P,0.01, r=–0.21; Figure 1B).

Serum 25(OH)D levels were not influenced by the un-
derlying renal diagnosis; children with glomerulopathies had
comparable levels to those with CAKUT and other nephrop-
athies (P=0.48; Supplemental Figure 1A). Patients with glo-
merulopathies and other hereditary nephropathies did not
have more proteinuria than those with CAKUT (P=0.14; Sup-
plemental Figure 1B). Serum 25(OH)D was not associated
with vitamin D binding protein (VDBP) levels (Table 1;
P=0.81 and 0.7 at baseline and follow-up, respectively),
nor with serum albumin (P=0.21 and 0.82 at baseline and
follow-up, respectively). Only 10 (5.9%) and 12 (7.1%) pa-
tients received cholecalciferol at baseline and follow-up;
there was no difference in their 25(OH)D levels compared
with patients who did not receive cholecalciferol, and there
was no difference in their eGFR or urinary PCR compared
with the rest of the cohort. Patients who were on calcitriol
(n=72 at baseline and 75 at follow-up) did not have any
difference in proteinuria or eGFR levels compared with those
who did not receive an active vitamin D analog (P=0.33 at
baseline and P=0.85 at follow-up). As expected, a seasonal
variation in 25(OH)D levels was seen (Supplemental Figure
2). None of the patients developed hypercalcemia from vita-
min D treatment.

Lower 25-Hydroxyvitamin D Levels Are Associated
with Higher Diastolic BP
There was an inverse association between the diastolic BP
before the start of ACEi and baseline serum 25(OH)D levels
(P=0.014, r=–0.19 and P=0.038, r=–0.16 for diastolic BP in
mmHg and diastolic BP standard deviation score, respec-
tively). Patients with 25(OH)D levels,50 nmol/L had higher
diastolic BP than those with levels $50 nmol/L (ANOVA
P=0.004; Figure 2). The association between diastolic BP
and 25(OH)D persisted even on ACEi treatment (P,0.004,
r=–0.22). The systolic BP and 24-hour mean arterial BP at
baseline and follow-up did not show any association with
25(OH)D levels at any time point.
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Lower 25-Hydroxyvitamin D Levels Are Positively
Associated with Loss of eGFR
25(OH)D levels showed an association with eGFR at baseline
(P=0.002; r=0.24) but not on ACEi treatment (P=0.16; Sup-
plemental Figure 3, A and B). The median annualized loss of
eGFR was –1.74 (–4.1 to –0.25) ml/min per 1.73 m2 across the
study cohort; children with glomerulopathies and other he-
reditary nephropathies had a greater annualized decline in
eGFR compared with those with CAKUT (P,0.06, ANOVA).

The annualized loss of eGFR was greater in
patients with baseline 25(OH)D levels
,50 nmol/L compared with those with
25(OH)D levels $50 nmol/L (P=0.0003,
r=0.32; Figure 3). The association between
eGFR loss and baseline 25(OH)D levels was
seen across all diagnostic groups, including
those with CAKUT (P=0.0009, ANOVA).

The effect of 25(OH)D levels on a pre-
determined composite end point of renal
survival (defined as an annualized loss of
eGFR$50% or progression to ESRD
(eGFR,10 ml/min per 1.73m2) or need
for renal replacement therapy) was exam-
ined. Overall, 44 patients reached the com-

posite renal end point. The 5-year renal survival was 75% in
patients with baseline 25(OH)D $50 nmol/L compared with
50% in patients with lower 25(OH)D (P,0.001; Figure 4A).
After starting ACEi the beneficial effect of 25(OH)D on renal
disease progression was attenuated, but remained significant:
the 5-year renal survival was 73% in patients with 25(OH)D
$50 nmol/L as compared with 57% in patients with lower
25(OH)D (P=0.046; Figure 4B). Using the mean 25(OH)D level
between baseline and follow-up as a measure of 25(OH)D

Figure 1. Correlation between 24-hour urinary PCR and serum 25(OH)D levels. (A)
Baseline. (B) Follow-up. To convert mg/mg to mg/mmol, multiply by 113.

Table 1. Clinical and biochemical characteristics of the study population

Characteristics Baseline (n=167) Follow-up (n=167) P Valuea Median Change (IQR)b

Clinical features
Systolic BP
mmHg 115 (105–125) 105 (100–118) ,0.001 27 (–20–5)
SDS 0.46 (–0.18–1.2) 20.23 (–0.86–0.47) ,0.001 20.67 (–1.64–0.18)
Diastolic BP
mmHg 70 (64–86) 64 (57–73) ,0.001 27 (–18–3)
SDS 1.13 (0.44–1.86) 0.22 (–0.38–1.13) ,0.001 20.8 (–1.7–0.18)
24-hour mean arterial pressure
mmHg 87 (82–93) 80 (75.9–85) ,0.001 26 (–16–1)
SDS 1.03 (0.29–2.1) 20.15 (–0.85–0.57) ,0.001 21.26 (–2.16 to –0.37)

Biochemical measures
Estimated GFR (ml/min per 1.73 m2) 50.9 (35.1–63.3) 45.8 (28.8–58.9) 0.08 21.74 (–4.1 to –0.25)
Urine PCR (mg/mg) 0.74 (0.23–1.84) 0.39 (0.15–1.11) 0.003 20.77 (–1.9 to –0.2)
25(OH)D (nmol/L) 72.3 (46–95.3) 69 (50.8–99.0) 0.98 2.4 (–24.7–23.3)
Calcium (mmol/L) 2.4 (2.3–2.5) 2.4 (2.3–2.5) 0.91 0.0 (–0.01–0.15)
Phosphate (mmol/L) 1.5 (1.3–1.6) 1.5 (1.3–1.7) 0.59 0 (-0.3–0.13)
Parathyroid hormone (pmol/L) 5.2 (3.4–8.3) 8.0 (4.2–16.1) 0.04 2.2 (–1.4–4.9)
FGF-23 (RU/ml) 182 (118–285) 308 (184–445) ,0.001 94 (–96–256)
Soluble-Klotho (pg/mL) 379 (337–445) 537 (449–569) ,0.001 148 (55–243)
VDBP (mmol/L) 6.8 (3.9–8.2) 7.2 (4.2–6.9) 0.75 3.9 (–1.7–4.6)

(n=107) (n=91)
Urinary TGF-b1/creatinine ratio (ng/g) 25.8 (14.4–42.8) 13.5 (10.1–41.8) 0.003 27.3 (–4.7–11.1)

(n=142) (n=138)
Medications
Cholecalciferol (n [%]) 10 [5.9] 12 [7.1] 0.98 —

Calcitriol (n [%]) 72 [43] 75 [44.9] 0.96 —

All values are described as median and interquartile range.
aP values describe baseline versus follow-up levels using paired t test.
bIQR, interquartile range.
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exposure, the 5-year renal survival was 75% in patients with
25(OH)D $50 nmol/L as compared with 48.2% in patients
with lower 25(OH)D (P=0.0008; Figure 4C).

In Cox proportional hazard analysis adjusting for all factors
potentially influencing renal disease progression (i.e., baseline
eGFR, proteinuria, BP, age, gender, and renal diagnosis),
25(OH)D was an independent predictor of renal disease pro-
gression (Table 2). Baseline eGFR, proteinuria and underlying
renal diagnoses, but not BP, also showed an independent as-
sociation with renal survival. The effect of serum 25(OH)D
levels on renal disease progression was independent of serum
FGF-23 (Table 2,Model 2). The risk of attaining the composite
renal end point was reduced by 8.2% for each 10 nmol/L

increase in baseline 25(OH)D: P=0.03; HR 0.92 (95% CI,
0.85 to 0.99; Table 2, Model 2).

RAAS Blockade Increases s-Klotho Levels
After amedian of 8months on ACEi treatment, serum FGF-23
and s-Klotho levels significantly increased (P,0.001 for both;
Table 1; Figure 5A and B) without any associated changes in
serum calcium or phosphate (Table 1). FGF-23 levels showed a
strong inverse correlation with eGFR both at baseline
(P,0.001, r=–0.70) and after ACEi treatment (P,0.001,
r=–0.77). s-Klotho levels did not correlate with eGFR
(P=0.82, r=0.02 at baseline and P=0.45, r=0.06 at follow-up)
or the annualized change in eGFR (P=0.55, r=0.002). There
was no significant difference in FGF23 or s-Klotho levels
based on the underlying renal diagnoses.

The urinary TGF-b1/creatinine ratio was significantly re-
duced after a median of 8 months on ACEi treatment
(P=0.003; Table 1). There was no association between s-Klotho
and 25(OH)D or change in urinary TGF-b)1/creatinine ratio
levels at any time point.

DISCUSSION

In this post-hoc analysis of the ESCAPE cohort we have shown
that in children with CKD, 25(OH)D levels$50 nmol/L were
associated with greater preservation of renal function, possibly
as a result of reduction in proteinuria and diastolic BP. This
effect was present but attenuated on ACEi treatment, suggest-
ing that 25(OH)Dmay have an additive effect to RAAS block-
ade. 25(OH)D levels did not correlate with serum vitamin D
binding protein (VDBP) or albumin, implying that lower
25(OH)D levels were not due to urinary losses of 25(OH)D.

Pharmacological blockade of theRAAS is the cornerstone of
renoprotective therapy in CKD. Although ACEi and ARBs are
shown to retard the progression of renal disease, largely
through their capacity to reduce hypertension andproteinuria,
progression to ESRD cannot be prevented in many patients
with CKD.4,5,17 The amount of residual proteinuria under
RAAS blockade, and in particular an absent or blunted re-
sponse to RAAS blockers, is a strong predictor of long-term
CKD progression.18 In the ESCAPE trial, although there was
an approximately 50% reduction in proteinuria in the first
6 months of ACEi treatment, proteinuria gradually increased
with ongoing ACEi therapy, returning to baseline levels by
3 years.4 Because an antiproteinuric effect is closely associated
with preservation of renal function, alternative strategies are
required to treat residual proteinuria or breakthrough protein-
uria that develops on ACEi treatment. Intensification of RAAS
blockade is often limited by side effects such as hyperkalemia and
hypotension,7,8 necessitating the use of adjunctive therapies that
operate through alternative pathways.

Converging evidence fromexperimental studies and clinical
trials suggest that vitamin D receptor (VDR) activation may
have antiproteinuric effects through modulation of the RAAS

Figure 2. Diastolic BP is inversely associated with serum 25(OH)D
at baseline. Expressed in three ranges of 25-(OH)D levels (,50,
50–75, .75 nmol/L).

Figure 3. Annualized change in eGFR expressed across three
ranges of 25(OH)D levels (,50, 50–75, .75 nmol/L) in patients
with CAKUT (n=129).
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system.11,13,19 Activation of the VDR can suppress the renin
gene by interaction with a major transcription factor binding
site: vitamin D analogs bind to the VDR and blocks formation
of the cyclic adenosine monophosphate response element-
cAMP response element-binding protein complexes in the
promoter region of the renin gene,9 thereby reducing renin
expression. VDR null mice have increased renin gene expres-
sion in their kidneys, accompanied by increased plasma an-
giotensin II levels, hypertension, and cardiac hypertrophy.12

Conversely, when wild-type mice are treated with calcitriol,
renal renin production was decreased.20

Clinical trials in adults with CKD have shown that vitamin
D may augment RAAS blockade.14,21–25 In a meta-analysis of
six studies using active vitamin D analogs, a significant re-
duction in proteinuria was achieved in patients on active

vitamin D therapy (paricalcitol in four
studies14,21,23,25 and calcitriol22,24 in two).
This was an additive effect to ongoing
RAAS blockade as 84% of patients received
an ACEi or ARB for the duration of their
study. Both the number of patients who
achieved proteinuria reduction (odds ratio
2.72, P,0.001) as well as the level of pro-
teinuria reduction (mean difference –16%
versus +6%; P,0.001) were greater with
vitamin D analogs compared with con-
trols.17 Importantly, a dose-dependent ef-
fect of vitamin D on albuminuria was not
consistently observed in these trials,
whereas the retrospective nature of our
study allowed us to determine a threshold
effect of vitamin D treatment on renal sur-
vival.

Nutritional vitaminDsupplements such
as cholecalciferol have a wide therapeutic
window, and have been studied in one
randomized study: in 100 adults in pre-
dialysis CKD who were followed up for 6

months, cholecalciferol treatment achieved mean 25(OH)D
levels$60 nmol/L and reduced the urinary protein excretion
by 53%.26 In our study, normal levels of 25(OH)D provided
similar renoprotective benefits, and patients who received
calcitriol did not have any further reduction in their proteinuria,
BP or change in eGFR compared with those who were not on
calcitriol. We do not have data on the dose of calcitriol pre-
scribed, and due to a limited availability of serum, we were
unable to check 1,25(OH)2D levels. The absence of any effect
of calcitriol treatment on proteinuria or eGFR may be due to
variable levels achieved, and possibly also the short half-life of
calcitriol compared with cholecalciferol. Importantly, all of
these studies have been conducted in adults, with 50–100%
of study participants having diabetes mellitus.14,21–26 There
are no studies in children, who are usually free of diabetes

Figure 4. 25(OH)D levels predict 5-year renal survival. (A) Baseline. (B) Follow-up. (C)
Mean 25(OH)D levels predict renal survival.

Table 2. Cox proportional hazard analysis for renal survival (adjusting for all factors potentially influencing renal disease
progression)

Model 1 Model 2

Parameter
Parameter
Estimate

Hazard
Ratio

95% Hazard Ratio
Confidence Limits

Pr-
ChiSq

Parameter
Estimate

Hazard
Ratio

95% Hazard Ratio
Confidence Limits

Pr-
ChiSq

eGFR 20.06796 0.934 0.914 0.955 ,0.0001 20.05600 0.946 0.921 0.971 ,0.0001
Urine PCR 0.55429 1.741 1.289 2.352 0.0003 0.62668 1.871 1.337 2.619 0.0003
Mean arterial BP SDS 20.01346 0.987 0.817 1.192 0.8888 0.05218 1.054 0.862 1.287 0.6098
25(OH)D (per 10 nmol/L) 20.07940 0.924 0.862 0.990 0.0254 20.08562 0.918 0.849 0.993 0.0324
Renal diagnosis (non-CAKUT) 21.46553 0.231 0.123 0.433 ,0.0001 21.59705 0.202 0.100 0.409 ,0.0001
Male gender 20.59751 0.550 0.300 1.008 0.0530 20.58872 0.555 0.286 1.077 0.0817
Age (year) 0.06019 1.062 0.986 1.143 0.1101 0.08872 1.093 1.009 1.184 0.0296
FGF-23 (10 RU/ml) 0.0304 1.031 1.005 1.057 0.0185

Pr-ChiSq, probability by chi-squared test.
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and in whom the underlying renal disease is rarely proteinuric
renal failure. Thus, clinical trials with cholecalciferol, a safe
and effective vitamin D supplement with minimal need for
monitoring, are recommended in children with CKD. How-
ever, care must be taken in using a safe and effective vitamin D
dosing schedule because a recent study has suggested that a
high loading dose of ergocalciferol can lead to high FGF-23
levels.27 Also, long-term studies are needed to determine if
there is a breakthrough from the antiproteinuric effect of vi-
tamin D, as seen with RAAS blockade.4

We found an association between mean diastolic BP and
serum 25(OH)D levels at baseline, but no correlation with
systolic BP. Recent studies have shown an association between
BP circulating levels of 25(OH)D28 as well as with genetic
variations in CYP1A1 and CYP1B1.29 While both studies
have shown an association of 25(OH)D with systolic and di-
astolic BP, a stronger correlation was seen between 25(OH)D
and diastolic BP. These findings need to be further explored
in a prospective longitudinal study.

We founda significant increase in s-Klotho levels afterRAAS
blockade.CKD is known to be a state ofKlothodeficiency, even
in children with CKD.30 In animal models of kidney disease,
angiotensin II decreases renal Klotho expression and this
downregulation is prevented by RAAS blockade.10,31,32

S-klotho is an anti-aging phosphaturic protein that is shown
to confer cardiorenal protection in different experimental
models of metabolic and kidney diseases by enhancing anti-
oxidant, antisenescence, and antiapoptotic mechanisms.33,34

In a recent study, serum s-Klotho levels were inversely associ-
ated with proteinuria in adults with CKD stages 1–2,35

suggesting a possible association between proteinuria-induced
interstitial inflammation and downregulation of Klotho syn-
thesis. There are few clinical studies, but in adults with diabetic
kidney disease treatment with valsartanwas associated with an
increase in s-Klotho, although this did not associate with a
reduction in albuminuria.36 Cross-talk between the vitamin
D and RAAS pathways may also confer additional anti-
inflammatory effects of vitamin D therapy to RAAS block-
ade.16 In animal models, VDR activation is associated with

inhibition of TGF-b11–13,19 and reduced expression of IL-6
and IL-8 in podocytes and tubular cells, suggesting reduced
intrarenal inflammation and fibrosis.37,38 However, in this
retrospective study we were not able to find an association
between urinary TGF-b1 expression and Klotho levels at base-
line or after RAAS blockade.

The retrospective nature of our study is a clear limitation;
however, this novel association between 25(OH)D levels and
proteinuria as well as preservation of eGFR in childhood CKD
generates hypotheses for future randomized controlled studies
of the renoprotective effects of vitamin D supplementation.
While serum 25(OH)D levels are lower in patients with greater
proteinuria due to urinary loss of VDBP in patients with
nephrotic range proteinuria, we39 and others40 have shown
that urinary VDBP loss is not associated with plasma VDBP
or 25(OH)D levels in children and adults with chronic kidney
disease, where urinary loss of VDBP is not sufficient to affect
vitamin D status. Although we were not able to comment on
the antiproteinuric and renoprotective effect of different vita-
min D analogs, patients whowere on calcitriol (approximately
45%) did not have less proteinuria or higher eGFRs as com-
pared with those who did not receive any vitamin D analog.
This suggests a possible threshold effect of VDR stimulation,
but requires further prospective studies comparing the effects
of colecalciferol and active vitamin D analogs on renal pres-
ervation. The soluble Klotho assay used in our study measures
the larger 130 kD cleaved protein. A smaller fragment of 68–70
kD, as a result of alternative mRNA splicing and currently of
unknown significance, may be present in the circulation, but is
not detected by this assay.

In conclusion, in children with CKD, 25(OH)D levels
.50 nmol/L were associated with better preservation of re-
nal function, even in the presence of concomitant ACEi ther-
apy. Vitamin D is an effective, easily available, safe, and
cheap nutritional supplement that may be a useful adjunc-
tive treatment to RAAS blockade to retard progressive renal
function decline. Randomized controlled studies on the re-
noprotective effects of vitamin D in childhood CKD are
required.

Figure 5. (A) Serum FGF-23 levels at baseline and after ACEi treatment. (B) Soluble-Klotho levels at baseline and after ACEi treatment.
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CONCISE METHODS

Study Population
This study is a post-hoc analysis of the ESCAPE trial, a randomized

controlled study showing that strict BP control with a fixed dose of

ACE inhibition slows the progression of renal disease. Briefly, the

ESCAPE trial included 468 children from 33 European centers of

age 3–18 years with an eGFR of 15–80 ml/min per 1.73 m2 with

hypertensionwho received a fixed dose of the ACEi ramipril (6 mg/m
2 per day) and were randomly assigned to either a conventional BP

target (50th to 90th percentile of 24-hour mean arterial BP) or an

intensified BP target (below the 50th percentile). Children were in-

cluded in this study based on the availability of paired blood samples

at baseline and after a follow-up period of at least 6 months. All

measures were taken at baseline (prior to ACEi treatment or after a

wash-out phase of 4 (2–4)months in those whowere previously on an

ACEi) and after a median follow-up of 8 (8–10) months on ACEi

therapy.

Outcome Measures
The effect of 25(OH)D levels on change in 24-hour urinary protein

excretion, BP, eGFR and renal survival (defined as a predetermined

composite endpoint of annualized loss of eGFR. 50%orprogression

to ESRD (eGFR,10 ml/min per 1.73 m2) or need for renal replace-

ment therapy) were studied. Because an acute decrease in eGFR

(,25% decrease) is expected after the start of ACEi therapy, the

eGFR recorded 2 months after the initiation of ramipril was used

as a baseline for the analysis of the reduction in eGFR over time.

In order to examine a potential mechanism of the 25(OH)D effect

on reduction of proteinuria, FGF23, s-Klotho and TGF-b1 were

measured in a subgroup of patients (based on availability of serum

samplea) at baseline and follow-up. To exclude a confounding effect

of VDBP loss on serum 25(OH)D levels, VDBP levels were measured

in a subgroup of children, based on availability of serum samples. The

effect of serum 25(OH)D levels on mineral dysregulation (serum

calcium, phosphate, parathyroid hormone, FGF23 and s-Klotho)

was examined.

Blood Pressure Monitoring
Ambulatory BP monitoring was performed using Spacelabs 90207

oscillometric devices (Spacelabs Healthcare, Snoqualmie, WA) at

baseline and every 6 months throughout the study period. All BP

readings were normalized to standard deviation scores using Euro-

pean reference data sets.41

Laboratory Assessments
All biochemical measurements were made in a central laboratory at

baseline and final follow-up. Measurements of serum and urine

creatinine levels and urine protein concentration were performed as

part of the ESCAPE trial as previously described.4 25(OH)D was

analyzed by isotope-dilution liquid chromatography-tandem mass

spectrometry [expressed as a sum of 25(OH)D2 and 25(OH)D3].

The interassay coefficient of variation was 2.8%. Plasma FGF-23 con-

centrations were determined using a second-generation human FGF-23

(C-terminal) ELISA (Immutopics International, San Clemente, CA).

The intra- and interassay coefficients of variation were 3.8% and

6.3%, respectively. s-Klotho concentrations were measured by a solid-

phase sandwich ELISA (Immuno-Biologic Laboratories Co. Ltd.,

Gunma, Japan). The intra- and interassay coefficients of variation

were 2.4% and 6.2%, respectively. VDBP assay was performed using a

noncompetitive (sandwich) ELISA (K2314, Immun Diagnostik, Ger-

many). The intra- and interassay coefficients of variability were 4.4%

and 6.0%, respectively. Urinary excretion of TGF-b1 was assayed using

ELISA (DRG Instruments GmbH, Marburg, Germany) as previously

described.42

Statistical Analysis
Results are expressed as median and interquartile range (IQR) unless

otherwise stated. Univariate comparisons of continuous variables

between the groups were performed using an unpaired t test for nor-

mally distributed data, or the nonparametric Mann–Whitney U or

Kruskal–Wallis test for non-normally distributed variables. Compar-

isons of continuous variables between baseline and final follow-up

were performed using a paired t test or the non-parametric Wilcoxon

test as appropriate. For multiple comparisons of several groups, re-

peated measures ANOVA with Bonferroni correction or Kruskal–

Wallis test was performed as appropriate. Spearman correlation tests

were used for correlation analyses. The time to development of the

composite end point was determined by Kaplan–Meier analysis, with

the use of log-rank statistics to test for differences in the rates of the

end points and by Cox proportional-hazard modeling to assess the

effects of potential risk factors.

In 159 children in whom full data were available, Cox hazard

analysis was performed to include variables that are well known to

predict renal disease progression or influence 25(OH)D levels pro-

vided that they were significant on univariate analysis at P,0.15. BMI

Standard deviation core did not show any correlation with 25(OH)D

levels (r=0.02, P=0.79) nor annualized renal disease progression

(r=–0.04, P=0.57) on univariate analysis and was not included in

the Cox model. Although, as expected, the season of blood sampling

influenced 25(OH)D levels (Supplemental Figure 3), the influence

of a constantly changing process such as season per se on a long-term

outcome of renal progression is difficult to justify and season was ex-

cluded from the model. In a second model we also included FGF-23

(Table 2, Model 2), but complete data were available for only 139 pa-

tients. Klotho, calcium andphosphatewere not significant onunivariate

analysis and were excluded from the Cox regression analysis in order to

limit the number of variables and avoid potential overadjustment.

All statistical analyses were performed using SAS 9.3 (SAS Institute

Inc., Cary, NC). For all analyses, P,0.05 was considered to be statis-

tically significant.
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