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ABSTRACT

Cardiovascular (CV) diseases are the leading causes of morbidity and mortality in patients with chronic kidney
disease (CKD) that encompass the mildest degrees of renal impairment. High levels of phosphate and fibroblast
growth factor 23 (FGF-23) are associated with increased CV events in this population. However, differences in
clinical and pathological manifestations have suggested that distinct mechanisms may underlie cardiovascular
events associated with high phosphate and FGF-23 serum levels. In animal studies endothelial dysfunction (ED)
has recently been associated with increased levels of phosphorus, but not with the increase of FGF-23 serum
levels. In this study, we aimed to assess endothelial function and the relationship with phosphate and FGF23
serum levels in a pre-dialysis CKD population. We examined 43 CKD patients in stages 1 to 5, followed-up in
our outpatient clinic. Blood pressure, renal function, proteinuria, phosphate serum levels and Charlson Index
were evaluated in the studied population. The FGF-23 levels were assessed by ELISA. Endothelial function was
assessed by peripheral arterial tonometry (Endo-Pat 2000) where lower reactive hyperaemia index (RHI) values
correspond to greater ED. Estimated GFR (eGFR) negatively correlated either with both serum phosphate (r =
-0.42; p < 0.0004), and circulating FGF-23 levels (r = -0.42; p < 0.05); RHI positively correlated with eGFR (r =
0.35; p < 0.03) and negatively correlated with age (r = -0.59; p < 0.0001), proteinuria (r = -0.50; p ¢ 0.03),
serum phosphate (r = -0.34; p < 0.04) and Charlson index (r = -0.56; p < 0.0003). However, no significant
relationship was observed between RHI and FGF23 serum levels (r = -0.11, n.s.) in the studied population. Our
results suggest that peripheral arterial tonometry, a non-invasive method for evaluation of the endothelial
function, can be a practical tool that adds clinically useful information to improve risk stratification in CKD pre-
dialysis patients. Our results also agree with the view that phosphate and FGF-23 serum levels might contribute
to increased cardiovascular risk in CKD through distinct mechanisms.
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RESUMO

As doengas cardiovasculares sao a principal causa de morbilidade e mortalidade na doenca renal crénica
(DRC), mesmo nos estadios mais precoces. Os aumentos da fosfatemia e dos niveis séricos do factor de
crescimento dos fibroblastos 23 (FGF-23) associam-se ambos a um aumento dos eventos cardiovasculares
na DRC. No entanto, diferencas na traducao clinica e patolégica, tém vindo a sugerir a existéncia de
mecanismos distintos, para explicar os eventos cardiovasculares associados a hiperfosfatemia e ao aumento
dos niveis séricos de FGF-23. Em estudos animais, a disfuncao endotelial (DE) foi recentemente associada
ao aumento dos niveis de fésforo, mas nao ao aumento do FGF-23. O presente estudo avaliou a fungao
endotelial e a sua relacdo com os niveis séricos de fosforo e de FGF-23 em doentes com DRC pré-diélise.
Foram estudados 43 doentes com DRC incluidos nos estadios 1 a 5, seguidos em consulta externa no nosso
centro. Avaliou-se a tensao arterial, a funcado renal, a proteinQria, os niveis séricos de fosforo e o indice
de Charlson. Os niveis de FGF-23 foram avaliados por ELISA. A fun¢ao endotelial foi avaliada pela tonometria
arterial periférica (Endo-Pat 2000), em que a reducdo do indice de hiperemia reativa (RHI) corresponde a
uma maior DE. A taxa de filtracdo glomerular estimada (eGFR) correlacionou-se negativamente, quer com
a fosfatemia (r = -0.42; p < 0.,0004) quer com 0s niveis séricos de FGF-23 (r = -0,42; p ¢ 0,05). O RHI
correlacionou-se positivamente com a eGFR (r = 0.,35; p < 0.,04) e negativamente com a idade (r = -0,59;
p < 0,0001), com a proteindria (r = -0,50; p ¢ 0,03), com 0s niveis séricos de fosforo (r = -0,34; p ¢ 0,04)
e com o indice de Charlson (r = -0,56; p < 0,0003). No entanto, ndo se verificou relacdo entre o RHI e os
niveis séricos de FGF-23 (r = -0,11; ns) na populacdo estudada. Os nossos resultados sugerem que a tono-
metria arterial periférica, um método nao-invasivo para avaliagao da fun¢ao endotelial, pode constituir uma
ferramenta (til na pratica clinica contribuindo para estratificar o risco cardiovascular na DRC pré-dialise.
Para além disso, 0s nossos dados apoiam a hipdtese de que a influéncia do foésforo sérico e do FGF-23 na
doenca vascular pode ser mediada por mecanismos distintos.

Palavras-Chave: Doenca renal cronica; funcao endotelial; fésforo; FGF-23; risco cardiovascular; tonometria.

INTRODUCTION induces vascular calcification and accelerates the osteo-
genic transformation of vascular smooth muscle cells#5.

Chronic kidney disease (CKD) is strongly associated

with cardiovascular disease and a graded inverse
relationship between estimated glomerular filtration
rate (eGFR) and cardiovascular event rates has
emerged from large-scale observational studies®. As
cardiovascular diseases are the leading cause of death
in CKD patients, it is of great importance to have
instruments to stratify cardiovascular risk in these
populations2. Although classic cardiovascular risk fac-
tors are almost universally present in CKD, they cannot
account for the increased CV risk in these patients3.

Disturbances in phosphate homeostasis occur in
most CKD patients and growing evidence suggests
that hyperphosphatemia is associated with increased
all-cause mortality and cardiovascular events in this
population. Hyperphosphatemia correlates with the
calcification of coronary arteries and cardiac valves. In
addition, in vitro studies have shown that phosphate

Fibroblast growth factor 23 (FGF-23) is a circulating
endocrine hormone that is secreted by osteocytes,
primarily in response to increases in dietary phosphate
intake®. The classic actions of FGF-23 on mineral
metabolism are mediated by binding of FGF-23 to
heterodimeric complexes consisting of FGF receptors
and the specific FGF-23 co-receptor, Klotho”. Activa-
tion of Klotho-FGF receptor complexes in the kidney
augments urinary phosphate excretion and decreases
1.25 dihydroxyvitamin D synthesis®. Notwithstanding
the desirable effects of FGF-23 to maintain phosphate
homeostasis in CKD, a growing body of evidence
supports the view that high FGF-23 serum levels are
also a risk factor for cardiovascular disease in these
populations?. However, it has been suggested that
distinct mechanisms may underlie the increased rate
of cardiovascular events associated with high phos-
phate and FGF-23 serum levels in CKD. Indeed, animal
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models implicate high serum phosphate as mechanism
of vascular calcification and endothelial dysfunction,
whereas high levels of FGF-23 have been implicated
in left ventricular hypertrophy through mechanisms
distinct from activation of Klotho-FGF receptor?.

Endothelial dysfunction (ED) represents the earliest
abnormality in the development of vascular disease
linked to atherosclerosis. Pulse tonometry is a rapid,
non-invasive and non-operator-dependent technique
to assess endothelial vasodilator function® and
peripheral endothelial function assessed by Endo-PAT
was found to be an independent predictor of cardio-
vascular events in CKD patients©:1,

To the extent that the increase in serum phosphorus
levels but not high levels of FGF-23 serum levels have
been implicated as mechanism of ED in CKD!2:13, we
aimed to examine endothelial function using Endo-PAT
in a pre-dialysis CKD population and the relationship
with both FGF-23 and phosphate serum levels.

METHODS

We examined 43 CKD patients followed-up in our
outpatient clinic of the Nephrology department of the
“Centro Hospitalar de Sao Joao”. The patients were
distributed according to the GFR calculated by CKD-EPI
formula (stage 1: > 9oml/min/1.73m?; stage 2: between
60-89ml/min/1.73m?; stage 3: between 30-59ml/
min/1.73m?; stage 4: between 15-29 ml/min/1.73m?; stage
5: < 15 ml/min/1.73m?). Patients were studied in standard
conditions (no changes were made in their usual medica-
tion, nor have extra reinforcement of diet restrictions or
smoke abstinence been done). The patients were ran-
domly selected, without previous knowledge, in their
routine appointment, after being informed about the
purpose and methods of the study giving voluntarily
their written informed consent. Patients with arterio-
venous fistula (which prevents evaluation with Endo-
PAT), acute kidney injury, recent hospital admission (<
2 weeks), recent infections (< 1 week) and known psy-
chiatric disturbances were excluded from the study.

The research was approved by the Ethics Com-
mittee for Health and the Local Institutional Review
Board of Sao Joao Hospital Centre, and was carried
out in accordance with the Declaration of Helsinki2°°8
of the World Medical Association.
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Blood and urine samples were collected in all
participants. Blood pressure, renal function, proteinu-
ria, phosphate serum levels and a validated comor-
bidity index (Charlson Index) were evaluated in the
studied population. Intact FGF-23 levels were
assessed by an ELISA kit (Immutopics, Inc.).

Endothelial function was assessed by peripheral
arterial tonometry (Endo-Pat 2000). The Endo-Pat
serve as a measure of peripheral vasomotor func-
tion, in which nitric oxide has shown to be an
important contributor4 as was validated in the
large, community-based Framingham study5. The
technique provides values for the calculation of a
reactive hyperaemia index (RHI), which gives an
indication of the endothelial vasodilator function.
The RHI is the post-to-pre occlusion PAT signal
ratio in the occluded arm, relative to the same
ratio in the control arm, and corrected for baseline
vascular tone®*. Lower RHI values correspond to
greater ED.

STATISTICS

All data are presented as means = SEM. A p <
0.05 was assumed to denote a significant difference.
For group comparisons, one-way ANOVA followed
by post hoc tukey test or standard unpaired student”s
t-test was used when appropriate. Pearson correla-
tion was used to evaluate the relationship between
two continuous variables and a two-tailed p is pre-
sented. Data were analysed using Microsoft Excel
2010 (WA, USA) and GraphPad Prism 5 (CA, USA)
software. Multivariate linear regression was used to
investigate the association between Charlson Index,
serum phosphate, FGF-23, RHI and age with eGFR
(CKD-Epi). In all analyses, a p-value of < 0.05 was
considered as statistically significant. Statistical
analyses were conducted using R software version
2.14.1 (Project for Statistical Computing).

RESULTS

The demographic and clinical characteristics of
the studied population are presented in Table 1. The
patients were distributed according to the eGFR cal-
culated by CKD-EPI formula as: CKD stages 1-2 [n =
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Table 1

Demographic and clinical data corresponding to the three distinct groups.

Values are expressed as mean = SD.

CKD stage CKD stage CKD stage
1-2 (n = 16) 3 (n = 14) 4-5 (n = 13)
Demographic data
Age (years) 48.6+3.2 58.0 + 4.1 59.8 + 4.07
Male (%) 37 33 33
Height (cm) 161.2 £ 2.5 160.5 2.2 165.1+ 2.8
Weight (kg) 70.8 £ 4.2 75.1£5.0 78.7 £ 5.6
Tobacco use (n) 0 2 0
Clinical data
Aetiology of CKD
Chronic Glomerulonephritis (%) 50 36 15
Polycystic Kidney Disease (%) 19 7 8
Diabetic Nephropathy (%) 13 14 38
Undetermined (%) 13 14 23
Others (%) 6 29 15
Antihypertensive drugs
Beta blockers (%) 13 29 38
ACE inhibitors (%) 63 64 46
Angiotensin receptor antagonists (%) 63 43 31
Calcium channel blockers (%) 13 21 46
Cholecalciferol 4 5 5
Activated D vitamin o 1 3
Phosphate binder (calcium carbonate) o o 1
Other clinical relevant data
CKD-EPI (ml/min/1.73m?) 92.9%5.1 45.1%2.5% 20.6 + 147
High Blood Pressure, BP (%) 69 93 77
Systolic BP (mmHg) 130.1% 4.7 136.6 £ 6.2 140.8 £ 6.2
Diastolic BP (mmHg) 77.9%2.7 79.9 £3.8 74.5 % 2.0
DM (%) 25 29 46
BMI (kg/m?) 26.9 29.2 27.8
Charlson Index 1.8%0.6 5.1+ 0.6 5.3 % 0.6

Results were considered significant if p < 0.05, and signalled as follow: * stages 1-2 vs. 3, T stages 1-2 vs. 5-4, #1 stages 3 vs. 5-4.

16, M37%, age 48.6 + 3.2], CKD stage 3 [n = 14,
M33%, age 58.0 * 4.1], CKD stages 4-5 [n = 13,
M33%, age 59.8 + 4.0]. Demographic characteristics
only achieved statistically significant differences con-
cerning patients’ age [CKD stages 1-2 vs. 5-4 (48.6
+ 3.2 VS. 59.8 £ 4.0, p.£.0.05)]. No significant differ-
ences were observed among the three groups regard-
ing CKD aetiology, prescribed antihypertensive drugs,
body mass index (BMI), diabetes (DM) and hyperten-
sion prevalences. As expected, the Charlson Index
was significantly higher in stages 4-5 group than in
stages 1-2 group (5.3 * 0.6 vs. 1.8 £ 0.6; p ¢ 0.05).

The biochemical and other analytical parameters
of the studied population are presented in Table 2.
As expected, we found statistically significant differ-
ences among the three groups, regarding haemoglo-
bin level, urinary protein/creatinine ratio, serum

phosphate levels, iPTH, FGF-23, uric acid and brain
natriuretic peptide.

Concerning endothelial function assessed by Endo-
Pat, RHI was found significantly lower in CKD stages
4-5 in comparison with CKD stages 1-2 (1.60 * 0.18
VS. 2.22 * 0.16, p < 0.05) (Fig. 1). In unadjusted
analysis, RHI positively correlated with eGFR (r =
0.35; p < 0.04) and negatively correlated with age
(r = -0.59; p < 0.0001), proteinuria (r = -0.50; p ¢
0.03), phosphate serum levels (r = -0.34; p < 0.04)
and Charlson index (r = -0.56; p < 0.0003) (Fig. 2).

In addition, in unadjusted analysis eGFR negatively
correlated with FGF-23 (r = -0.42; p < 0.05), phos-
phate serum levels (r = -0.42; p < 0.0004), Charlson
index (r = -0.63; p < 0.0001) and age (r = -0.45; p
< 0.003) (Fig. 2). In the multivariate analysis, the
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Table 2

Analytical data corresponding to the three distinct groups.

Values are expressed as mean * SD.

Results were considered significant if p < 0.05, and signalled as follow: * stages 1-2 vs. 3, T stages 1-2 vs. 5-4, #1 stages 3 vs. 5-4.

Table 3

Adjusted (multivariate) associations of phosphate, FGF-23, Charlson index and age with eGFR (CKD-Epi).

CKD stage CKD stage CKD stage

1-2 (n = 16) 3 (n = 14) 4-5 (n = 13)
Analitical data
Haemoglobin (g/dL) 13.7+0.6 12.3%0.4 11.9 £ 0.47
Ferritin (ug/L) 147.4 % 35.6 119.2 + 36.7 201.8+52.3
Plasmatic creatinine (mg/dL) 0.9%0.1 1.5+ 0.1% 3.0t 0.2#F
Plasmatic urea (mg/dL) 44.5 3.5 80.6 £ 7.5% 120.4 * 10.5%T
Urinary protein/creatinine ratio 639.8 + 181.0 1385.4 * 497.0 2206.8 + 1092.8"
Uric acid (mg/dL) 5.9 % 0.4 6.5t 0.5 7.9+0.5"
Albumin (g/L) 39.4 % 2.6 40.3+0.6 43.5+2.8
Glucose (mg/dL) 99.5 *10.5 104.4 * 11.4 156.5 + 42.3
Total cholesterol (mg/dL) 203.4%8.7 188.4 * 10.9 180.8 £ 16.3
c-LDL (mg/dL) 121.8+ 8.1 111.1 + 10.3 99.7 £9.8
Triglycerides (mg/dL) 124.5 £ 15.7 126.1£16.5 302.6 + 150.3
c-HDL (mg/dL) 56.1% 4.9 53.5 £ 3.4 47.5%5.7
Na* (mmol/L) 139.9 + 0.5 140. £ 0.6 139.5 £ 1.1
K* (mmol/L) 4.6 0.1 4.9+0.2 4.9 %0.2
Cl" (mmol/L) 103.6 + 0. 106.6 + 0.7% 104.6 + 1.5
pH 7-33 7-33 7-29
HCO3" (mmol/L) 27.8%0.9 27.1%1.3 26.5 £ 0.6
CRP (mg/L) 4.7 1.6 3.7%1.2 4.4 1.8
Alkaline phosphatase (U/L) 78.5 £ 5.3 87.6+9.7 93.0+9.7
Calcium (mEq/L) 5.1+0.3 4.9%0.1 4.8+0.1
Phosphate (mg/dL) 3.0%0.1 3.6 £ 0.1* 4.0x0.2"
FGF-23 (pg/mL) 430.4+5.8 481.1% 8.9 595.0 + 17.8"
iPTH (pg/mL) 41.5 % 6.6 81.3 +12.8% 177.9 + 30.2#T
OH-25-Vit D (ng/mL) 17.6 £ 2.5 24.6 % 4.5 25.7 £5.2
BNP (ng/L) 38.3+15.9 106.9 * 21.9% 282.2 +106.8"

Note: *p < 0.1;**p < 0.05; ***p ¢ 0.01
3 Values are expressed as mean (standard error)

relationships of eGFR with both phosphate serum
levels and FGF-23 persisted after adjustment for
demographic and clinical variables associated with

reduced renal function (Table 3).
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(Fig. 2).

eGFR (CKD-Epi) 2
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Phosphate (mg/dL) -23.020%** -17.082** -19.547%** -23.859*** -20.874**
(7.107) (7.144) (5.531) (6.297) (7.316)
FGF-37 (ng/mL) -0.133%* -0.132%** -0.155%** -0.125**
(0.045) (0.033) (0.037) (0.041)
Charlson Index -5.561%* 4.649 -2.522
(2:333) (3-525) (2.410)
Age (years) -0.821%** 1.397%** -0.112 -0.821** “L445%*
(0.296) (0.409) (0.408) (0.344) (0.580)

No significant relationship was observed
between RHI and FGF-23 in the studied popula-
tion even in unadjusted analysis (r = -0.11, n.s.)
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Figure 1

Endothelial function assessed by peripheral arterial tonometry, according
to the reactive hyperaemia index (RHI) in CKD patients in stages 1 to 5.
Values are expressed as mean + SD. T Significantly different between
stage 5-4 vs. 1-2 (p < 0.05).
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DISCUSSION

The search for biomarkers that could explain or char-
acterize the enhanced CV risk in CKD patients is of
utmost importance and has gained prominence in the
last few years. In relation with this subject, ED has been
proposed as an early event of pathophysiological rel-
evance in the atherosclerotic process that relates to
higher risk of CV events in CKD. In the present study,
carried out in a pre-dialysis CKD population, we con-
firmed that the decrease of renal function is associated
with increased ED®. In addition, we found in our pre-
dialysis CKD patients that ED assessed by pulse tonom-
etry also correlated positively with age, high scores of
Charlson comorbidity index, increased proteinuria and
high levels of serum phosphate. Since ED can be
reversed or improved by lifestyle modifications!® and
medical therapies'9, our results suggest that pulse
tonometry, a non-invasive method for evaluation of ED,
may add clinically useful information to improve risk
stratification in CKD pre-dialysis patients'’, thus con-
tributing to better follow-up of this population2®:2%,
Another interesting finding of our study is that, in con-
trast to serum phosphate levels, circulating FGF-23 levels
were not associated with ED. This dissociation, when
viewed collectively with the observations that implicate
circulating FGF-23 levels in the increased CV risk and
mortality in CKD, lends further support to the view that
targeting FGF-23 may not be useful in the prevention
and management of uraemic vascular disease.

Our results fit well with recent findings in animal
studies showing that incubation of cultured endothelial
cells with high phosphate concentrations induces
apoptosis, stimulates production of reactive oxygen
species and impairs secretion of NO in response to
acetylcholine?2, whereas the effect linking higher levels
of FGF-23 with cardiovascular disease is independent
of serum phosphate levels and mainly implicates the
development of left ventricular hypertrophy?. This
study has the virtue of extrapolating to humans, the
recent observations in animal studies that suggested
that FGF-23 and serum phosphate promote distinct
mechanisms of cardiovascular toxicity”. Further inves-
tigation is needed to confirm these data and explore
the pathophysiological mechanisms that underlie the
increased cardiovascular risk associated with high
phosphate and FGF-23 serum levels in CKD.

We acknowledge some limitations of our study.
Firstly, those inherent to the observational nature of
the study and the limited number of patients included,
particularly in the more advanced CKD stages. Second,
the assessment of endothelial function by pulse tonom-
etry has an intrinsic limitation in patients with more
advanced CKD stages because many of those patients
already have an arteriovenous fistula, according to their
pre-dialysis preparation, which compromises the assess-
ment of endothelial function with Endo-Pat. Another
limitation of our study is that patients with more
advanced CKD stages (4 and 5) were significantly older
than those included in stages 1- 2. Although we rec-
ognize that this may be a confounding factor, namely
because age contributes to the decrease of renal func-
tion as well as to the increase of cardiovascular events,
this does not preclude our conclusion that there is no
relationship between FGF-23 and ED in pre-dialysis CKD
patients, even in univariate analysis.
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Figure 2
Endothelial function assessed by peripheral arterial tonometry in CKD patients in stages 1 to 5 and its correlation between eGFR (A), Charlson index
(B), phosphate (C), and FGF-23 levels (D). The eGFR and its correlation between phosphate (E), FGF-23 levels (F), Charlson index (G) and age (H).
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