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I. ABSTRACT

Peritoneal dialysis is a successful end stage renal disease therapy, although a dismal
long-term outcome has been reported in some studies, suggesting loss of PD benefits in the
long-term, with a slightly higher risk for overall mortality and cardiovascular death, compared
with hemodialysis. The reasons associated with this are not fully understood, but several
authors hypothesized an association with metabolic derangements, due to the potential
systemic effects associated with the use of glucose (the main osmotic agent used in PD
prescriptions), maximally expressed by patients who present a peritoneal membrane fast
transport status. In order to improve knowledge in this field, we developed a series of cross
sectional and prospective clinical researches, to investigate the systemic impact of intrinsic
aspects of the peritoneal dialysis technique, such as peritoneal membrane transport status,
peritoneal glucose absorption and peritoneal dialysis modality, on relevant clinical issues:
residual renal function, phosphate removal, nutritional status, insulin resistance and
cardiovascular events, in a population of incident and prevalent patients under peritoneal
dialysis. The deleterious effects of intra-peritoneal glucose into the membrane level are well
established, leading to peritoneal membrane structural alterations that will conduct to
ultrafiltration failure. For that reason, this thesis focused also on the functional evaluation of
the peritoneal membrane, establishing a new peritoneal equilibration test to evaluate
simultaneously small solute transport and water transport pathways, and explores new
peritoneal effluent biomarkers that could timely signalize peritoneal membrane dysfunction,

even before clinically relevant ultrafiltration failure develops.

We started to investigate the factors conditioning residual renal function (RRF) decline
in 148 consecutive incident PD patients, treated in our Unit between January 2000 and June
2007 (chapter V.I). Our clinical investigation has evidenced that patients on PD after renal
transplantation experience similar short term RRF protection, without a shorter peritonitis-free
survival, compared with patients starting PD as their first renal replacement therapy. We also

concluded that diabetes was the only independent predictor of anuria, after PD start.

In a second clinical investigation about peritoneal membrane phosphate transport
(chapter V.II), we concluded that in hyperphosphatemic and or anuric patients, the decision
on the optimal PD modality should also take into account peritoneal phosphate transport
characteristics, beyond the traditional adequacy parameters (urea Kt/V and creatinine
peritoneal clearance). Increasing dwell times or transfer to CAPD, could be effective strategies
to improve phosphate handling in patients with inadequate phosphate control on APD,

especially if they are slow phosphate transporters.
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We also performed a cross sectional study in order to evaluate the nutritional status of
57 PD patients in treatment in our Unit (chapter V.111), according to the most recent diagnostic
criteria for nutritional assessment in chronic kidney disease patients. We have documented a
high overweight and obesity prevalence, and a low incidence of protein-wasting. In a
subsequent study, we have explored the associations between body composition, using a
bioimpedance device (Body Composition Monitor), peritoneal membrane transport status,
peritoneal glucose absorption and adipokines profile with cardiovascular events, in a group of
66 PD patients, prospectively followed for 47 months (chapter V.IV.I). Our results clearly
demonstrate that body mass index (BMI) underestimates the real prevalence of obesity,
compared with body composition assessment using bioimpedance analysis, in PD patients.
Nevertheless, we could not found any association between peritoneal glucose absorption and
small solute transport status with obesity. However, according to our clinical investigation,
cardiovascular events were associated with obesity. This study enabled us, additionally, to
clarify that adipokines profile depends on patient’s body composition, as leptin/adiponectin
ratio was predicted by relative fat mass and lean tissue index, independently of peritoneal
glucose absorption. We have also concluded that a higher leptin/adiponectin ratio (LAR) was
associated with new cardiovascular events, and can represent a new atherogenic index in

patients under PD, without protein wasting.

We also conducted a cross sectional study in order to assess insulin resistance
prevalence and their determinants in a population non-diabetic patients, currently on treatment
in our Unit (chapter V.IV.II). Our results show that obesity and adipokines profile play a major
role in insulin resistance development in PD, independently of glucose absorption and small
solute transport status. Given the already established association between insulin resistance,
adipokines, and cardiovascular events (as our previous investigation demonstrates — chapter
V.IV.l), efforts should be put in obesity prevention, correct diagnosis and management.
Contemporary PD treatments minimize glucose exposition, and the lack of correlations
between peritoneal glucose absorption, insulin resistance indices and body composition
parameters, that we documented, puts on evidence that other presumably more powerful
factors may contribute to the metabolic syndrome in PD patients. Finally, with this investigation,
we also concluded that fast transporters, under updated PD prescriptions, can be adequately

managed without higher risk of developing obesity or an insulin resistant state.

Finally, since the peritoneum is a determining interface between the dialysis system
and the systemic milieu, we focused on functional membrane evaluation, with a full
characterization of both small-solute transport and water transport pathways across the

membrane (chapter V.V.1). We have further explored new effluent biomarkers that could timely

12
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signalize peritoneal membrane deterioration (chapter V.V.II). We have concluded that
guantification of free water transport (FWT) is important for detecting causes of ultrafiltration
failure (UFF), beyond an increase in effective capillary surface, and that such quantification is
feasible during a 4-hour, 3.86% glucose PET evaluation, with a temporary drainage of the
peritoneal cavity at 60 minutes (chapter V.V.I). In a subsequent study (chapter V.V.II), 68 PD
patients were evaluated using the Two-In-One protocol, and hepatocyte growth factor (HGF)
in the effluent was measured, in order to explore its association with water transport pathways
and ultrafiltration failure profile. Since HGF is known to ameliorate peritoneal fibrosis in an ex-
vivo study, a clinical investigation like ours looks opportune. Our results demonstrate that
dialysate HGF concentration is significantly higher among patients with UFF, especially if FWT
is impaired, suggesting that it might be a useful marker of progressive peritoneal membrane

dysfunction.

KEY WORDS: adipokines, body composition, cardiovascular disease, fast transporters, free
water transport, hepatocyte growth factor, hyperphosphatemia, insulin resistance, nutrition
status, obesity, overweight, peritoneal dialysis, peritoneal equilibration test, peritoneal glucose
absorption, peritoneal phosphate clearance, protein wasting, renal graft failure, residual renal

function, ultrafiltration failure.
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l. RESUMO

A dialise peritoneal constitui uma eficaz terapéutica substitutiva da funcédo renal,
embora alguns estudos sugiram uma perda de vantagens da DP a longo prazo, com um maior
risco de morte de causa cardiovascular associado a esta técnica, quando comparada com a
hemodidlise. As razdes associadas a estes resultados menos favoraveis nao foram, até ao
momento, completamente clarificadas. Contudo, varios autores colocam a hip6tese de que o
uso de glicose intraperitoneal (usada como agente osmético na maioria das prescricdes em
dialise peritoneal) possa associar-se a resultados deletérios, a longo prazo, através dos seus
potenciais efeitos sistémicos. Nesta linha conceptual, os doentes com perfil de transporte de
membrana peritoneal rapido seriam os mais afetados. No sentido de amplificar o atual
conhecimento cientifico nesta area, desenvolvemos uma série de estudos transversais e
prospetivos envolvendo doentes incidentes e prevalentes na técnica, que nos permitiram
investigar o impacto sistémico de aspetos intrinsecos a dialise peritoneal, tais como o tipo de
transporte da membrana peritoneal, a absorcdo da glicose intraperitoneal e o tipo de
modalidade de didlise peritoneal, em questdes clinicas relevantes, nomeadamente: funcéo
renal residual, remocéo peritoneal de fosforo, estado nutricional, insulinorresisténcia e eventos
cardiovasculares. Os efeitos deletérios da glicose intraperitoneal ao nivel da membrana
peritoneal estdo j& bem documentados, originando com o tempo determinadas alteracdes
estruturais na membrana conducentes a faléncia de ultrafiltragdo. Face ao exposto, a presente
tese pretendeu estudar também a membrana peritoneal do ponto de vista funcional,
estabelecendo um novo teste de equilibrio peritoneal que permitisse avaliar, em simultaneo,
o transporte de pequenos solutos e de agua, explorando novos biomarcadores que
permitissem sinalizar precocemente a disfuncdo da membrana peritoneal, antes mesmo do

desenvolvimento de uma situacao tardia de faléncia de ultrafiltracéo.

Comecamos por investigar os fatores que condicionam a perda de funcédo renal
residual num grupo de 148 doentes consecutivos e incidentes, tratados na nossa Unidade
entre janeiro de 2000 e junho de 2007 (capitulo V.I). A investigacdo clinica efetuada
evidenciou que os doentes em dialise peritoneal apds faléncia do enxerto renal apresentam,
guando comparados com doentes que iniciaram didlise peritoneal como primeira técnica
substitutiva da funcéo renal, semelhante protecado da funcao renal residual, com tempo de
sobrevida livre de peritonite similar. Concluimos ainda que a diabetes foi o Unico fator preditor

independente de anuria ap6s o inicio de dialise peritoneal.

Numa segunda investigacdo clinica acerca do transporte peritoneal de fdsforo
(capitulo V.II), concluimos que, nos doentes com hiperfosfatemia e ou anuria, a deciséo

guanto & modalidade terapéutica mais eficaz deve ter em consideragdo as caracteristicas da
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membrana quanto ao transporte de fosforo, para além dos tradicionais parametros de
adequacdo em dialise (Kt/V ureia e clearance peritoneal de creatinina). Aumentar os tempos
de permanéncia das trocas ou transferir o doente para uma modalidade de didlise peritoneal
continua de ambulatério, poderdo ser estratégias eficazes no sentido de melhorar a remogéo
dialitica de fésforo em doentes no regime de didlise peritoneal automética que exibam um
controlo do fésforo inadequado, especialmente se os mesmos apresentarem um estado de

lento transporte da membrana peritoneal, no que ao fésforo diz respeito.

Efetudmos também um estudo transversal no sentido de avaliar o estado nutricional
de 57 doentes em tratamento na nossa Unidade (capitulo V.III), de acordo com os mais
recentes critérios de avaliacdo do estado nutricional na doenca renal crénica. Documentamos
uma elevada prevaléncia de excesso de peso e de obesidade e uma baixa incidéncia de
desnutricdo proteica nos doentes avaliados. Num estudo subsequente, explordmos as
associacfes entre varios parametros de composicao corporal avaliados por bioimpedancia
(Body Composition Monitor), estado de transporte da membrana peritoneal e perfil de
adipocinas com os eventos cardiovasculares, numa populacdo de 66 doentes em dialise
peritoneal que foram prospetivamente estudados ao longo de um tempo médio de seguimento
de 47 meses (capitulo V.IV.l). Os resultados obtidos demonstram que o indice de massa
corporal subestima a real prevaléncia de obesidade nos doentes em didlise peritoneal, quando
comparado com a avaliagdo da composi¢cdo corporal efetuada por bioimpedancia. Contudo,
nao encontramos qualquer associacao entre absorgéo de glicose intraperitoneal ou transporte
peritoneal com obesidade. Todavia, de acordo com esta investigagdo clinica, existe uma
associacdo entre obesidade no doente em didlise peritoneal e novos eventos
cardiovasculares. Este estudo permitiu-nos ainda, adicionalmente, clarificar que o perfil de
adipocinas, nos doentes em dialise peritoneal, € dependente da composigéo corporal, uma
vez que a percentagem relativa de massa gorda e o indice de massa magra foram preditores
do racio leptina/adiponectina, independentemente da absorcdo intraperitoneal de glicose.
Concluimos, por fim, que um réacio elevado de leptina/adiponectina se associa a novos
eventos cardiovasculares, podendo representar um novo indice aterogénico na populagéo de

doentes em didlise peritoneal sem desnutricdo proteica.

No sentido de avaliar a prevaléncia de insulinorresisténcia e de estabelecer os seus
determinantes, efetuAmos um estudo transversal que incluiu doentes ndo diabéticos em
tratamento na nossa Unidade (capitulo V.IV.1l). Os resultados obtidos evidenciam que a
obesidade e o perfil de adipocinas desempenham um papel determinante no desenvolvimento
de um estado de insulinorresisténcia nos doentes em dialise peritoneal, independentemente

da absorc¢éo intraperitoneal de glicose e do estado de transporte da membrana peritoneal.
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Dada a associagdo que previamente documentadmos entre insulinorresisténcia, adipocinas, e
novos eventos cardiovasculares (capitulo V.IV.l), esforcos devem ser feitos no sentido de
implementar medidas de prevencdo da obesidade, mas também de otimizar o seu correto
diagnostico e sua gestao terapéutica. Os atuais regimes de prescricao terapéutica na diélise
peritoneal minimizam a exposicao a glicose, e, adicionalmente, a auséncia de correlagdes
encontradas entre a absorcao de glicose intraperitoneal, os indices de insulinorresisténcia e
0s parametros de composi¢ao corporal, colocam em evidéncia que outros fatores, porventura
mais determinantes, possam contribuir para o desenvolvimento de um sindrome metabdlico
nos doentes em dialise peritoneal. Por fim, a investigacao clinica efetuada permitiu concluir
gue os doentes com perfil de rapido transporte de membrana peritoneal podem ser
adequadamente tratados em didlise peritoneal, através de regimes de prescricdo atuais e
individualizados, sem que apresentem maior risco de desenvolver obesidade ou

insulinorresisténcia.

Por ultimo, sendo o peritoneu uma interface determinante entre o sistema de dialise e
0 meio interno, efetudmos uma avaliacdo funcional da membrana peritoneal, caracterizando
o0 transporte de pequenos solutos e da agua (capitulo V.V.l). Exploramos novos
biomarcadores no efluente peritoneal suscetiveis de sinalizar precocemente uma situacao de
disfuncdo da membrana peritoneal (capitulo V.V.Il). Concluimos que a quantificacdo do
transporte de agua livre é importante para a detecdo de outras causas de faléncia de
ultrafiltracdo, para além de um aumento da superficie capilar efetiva, e que essa quantificacéo
pode ser feita durante um teste de equilibrio peritoneal de 4 horas, com 3.86% de glicose, e
gue envolve uma etapa adicional de drenagem temporaria da cavidade peritoneal aos 60
minutos (capitulo V.V.l). Num estudo posterior (capitulo V.V.ll), 68 doentes em dialise
peritoneal foram avaliados através do protocolo “Two-in-One”, tendo sido adicionalmente
medido no efluente o “hepatocyte growth factor’ (HGF), no sentido de explorar a sua
associacdo com a disfuncdo da membrana peritoneal. Tendo sido ja previamente
documentado, num estudo ex-vivo, que o HGF pode condicionar uma melhoria do grau de
fibrose peritoneal, uma investigagdo clinica como esta € oportuna. Os resultados que
obtivemos evidenciam que a concentracdo de HGF no efluente peritoneal é significativamente
maior nos doentes com faléncia de ultrafiltracdo de membrana, especialmente se o transporte
de agua livre estiver comprometido, o que sugere que possa ser um biomarcador util de

disfuncédo da membrana peritoneal.
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PALAVRAS-CHAVE: absorcdo de glicose intraperitoneal, adipocinas, clearance peritoneal
de fésforo, composicdo corporal, desnutricdo proteica, doenca cardiovascular, estado
nutricional, excesso ponderal, faléncia de enxerto renal, faléncia de ultrafiltracéo, funcéo renal
residual, hepatocyte growth factor, hiperfosfatemia, insulinorresisténcia, obesidade, rapido

transportador, transporte de agua livre, teste de equilibrio peritoneal.
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[I. INTRODUCTION
1. Peritoneal Dialysis — a successful end stage renal disease therapy

Peritoneal dialysis (PD) has been used as a successful end stage renal disease
(ESRD) therapy over the last years, with significant differences in technique prevalence
distribution all around the world (1). Current evidence shows that survival outcomes are
now globally, at least, equivalent for both dialysis techniques (2-5), as PD results have
improved during the past decade (3, 4). Cardiovascular disease is still the main cause of
mortality in both hemodialysis and peritoneal dialysis patients (6). However, it seems that
results are slightly different in terms of early versus long term survival between the two
modalities. In fact, several studies have showed, in a consistent way, that peritoneal
dialysis patients have a lower risk of death in the first years of ESRD (3, 7, 8), with the
magnitude and length of time which this lower risk for death is evident depending on age,
diabetes and the presence of associated comorbidities. The early survival benefit observed
in peritoneal dialysis has been patrtially attributed to a better preservation of residual renal
function by this technique compared to hemodialysis (9), that would offset the potentially
deleterious systemic consequences of daily glucose loading. In fact, patients with residual
renal function have lower degrees of inflammation and malnutrition, less hypertension with
less cardiac hypertrophy, less anemia with less erythropoietin resistance, and a better
phosphate control (10), all of which may explain the better overall and cardiovascular
survival observed in the first years of peritoneal dialysis. As for long term survival
comparisons between the two techniques, a recent study by Kumar and colleagues (8) as
showed that, in an as-treated analysis, the 3-9 years survival was similar between the two
modalities. However, others (11) have demonstrated that PD was associated with an
increased risk for overall mortality and cardiovascular death, after two years of treatment.
The reason for this dismal outcome after the first years of dialysis is uncertain. Although
speculative, it is feared that with time, PD patients could be prone to suffer from protein
wasting for one hand, and for the other, that peritoneal exposure to dextrose could lead to
hyperglycemia, insulin resistance, dyslipidemia and metabolic syndrome (8, 11). In line
with these hypotheses, the increased risk for cardiovascular death seen, with time on PD,
could be a consequence of malnutrition-inflammation-atherosclerosis syndrome, or a
consequence of metabolic syndrome and the systemic impact of peritoneal glucose
exposure. In order to better understand the relation of cardiovascular risk with nutrition
status in PD, contemporary studies about the impact of protein wasting and obesity in PD

patient’s outcomes, with full body composition characterization, are needed.
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2. Clinical outcomes in PD: the role of adequacy, small-solute transport and

ultrafiltration on patient and technique survival

An association between greater clearance of small molecular weight solutes and better
clinical outcomes has been reported in a prospective cohort study (12). As residual renal
function was not examined separately as a risk factor for clinical outcomes, renal and
peritoneal clearances were assumed as comparable, and therefore additive. However,
reanalysis of the CANUSA (13) data indicates that the contribution of residual renal function is
even more important than peritoneal creatinine clearance in terms of patient survival,
confirming previous observations from Maiorca et al. (14) and Diaz-Buxo et al. (15). This
concept was additionally reinforced by the ADEMEX study (16), which showed that increasing
further small solute clearances conferred no survival benefit in PD patients as a whole, or in
the subgroup of anurics, and confirming that only residual renal function was predictive of
outcome in these patients. It seems that the advantage conferred by preserved residual renal
function (RRF) may be related to the volume of urine excreted and to the maintenance of an
euvolemic state, as for each additional 250 mL of urine excreted per day, the relative risk of
death was decreased by 36% (13). Better preservation of renal endocrine function and better
clearance of middle and larger molecular weight uremic toxins are also plausible reasons for
better outcomes in patients maintaining RRF, as clearances of middle molecules and protein-
bound solutes cannot be equalled by peritoneal dialysis (17). Residual renal function plays a
central role in dialysis patients, whichever the modality, being linked with patient survival, but
it has been focused more in PD. As a result, determining the factors that affect its loss has
become an important issue in the care of patients under PD. Several factors have been
associated with loss of RRF: larger body mass index, congestive heart failure, diabetes,
hypotensive episodes, use of diuretics and peritonitis episodes (18-20). However, results are
not consistent, and the investigations performed often exclude patients with a failed renal graft.
There is also much debate about peritoneal membrane transport status and PD modality
impacts on residual renal function (20), a clinically relevant aspect that deserves further

clarification.

In terms of adequacy, studies have simply focused on urea and creatinine clearances
(12, 16) and the same is true about the most recent guidelines (21). However, theoretically,
targets for others solutes removal by dialysis, as phosphate, should also be included, as we
know that hyperphosphatemia is common in peritoneal dialysis patients, especially when
residual renal function is lost (22), and it is a well-known factor for cardiovascular morbidity
and mortality in these patients (23-25). Research into the relationship between phosphate

clearance, membrane transport status and PD modality is needed, because optimization of
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peritoneal phosphate clearance may be a reasonable goal for adequacy in the absence of

compelling evidence for a link between urea clearance and outcome on PD (16).

One of the first studies that explored the association between peritoneal membrane
transport and technique and patient survival evidenced that fast transporters had a similar 2
year survival probability compared with non-fast transporters (26). However, the 2 year
probability of combined patient and technique survival was significantly lower in fast
transporters. The authors hypothesized that fast transporters could be prone to develop
malnutrition, fluid overload and insulin resistance with a more atherogenic lipid profile, that
would translate into a decreased patient and technique survival (26). More recently (27, 28),
the use of automated peritoneal dialysis was able to optimize volume control in fast
transporters abolishing this previously reported worse outcome (29), but doubts still remain
concerning metabolic derangements. In order to explore this relevant issue, studies that
specifically address the impact of fast transport status on body composition changes and
insulin resistance development, with time on PD, are lacking. Future studies about the impact
of fast transport status on outcomes should also focus dialysis prescription in terms of
peritoneal dialysis modality and dialysis solutions used, in order to assess if potential
deleterious systemic consequences of membrane fast transport could be mitigated by an

adequate PD prescription.

The importance of ultrafiltration in PD patient’s outcomes was first evidenced in the
EAPOS study (30). According to this prospective study, baseline predictors of poor survival in
a group of 177 anuric patients under automatic peritoneal dialysis were age, nutritional status,
diabetes and ultrafiltration (ultrafiltration < 750 mL/24h; P=0.047). These results stress the
importance to monitor ultrafiltration profile changes, with time on PD, in order to timely adjust

dialysis prescription.

In summary, in order to improve both patient and technique survival, future
investigations have first to clarify how particular aspects of therapy, such as peritoneal glucose
absorption, membrane transport status and PD modality, impact systemically in these patients,
in terms of preservation of residual renal function, maintenance of phosphate control, and
development of protein wasting, obesity and insulin resistance. At the same time, as
ultrafiltration is a major determinant of patient and technique survival, studies should also focus
on membrane evaluation, with a full characterization of both small-solute transport and water
transport pathways across the membrane, and exploring new biomarkers that could timely
signalize peritoneal membrane deterioration, even before clinically relevant ultrafiltration

failure develops. Investigation about the systemic impact of inner aspects of the technique,
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and improving knowledge on functional evaluation of peritoneal membrane are, nowadays, the

new challenges in peritoneal dialysis field.

3. Controversies on the systemic impact of peritoneal glucose absorption and

membrane fast transport status

Glucose has been used over the past 3 decades as the main osmotic agent in
peritoneal dialysis, allowing for sustained ultrafiltration, and enabling good results in terms of
patient and technique survival. Approximately 75% of the dialysate glucose is absorbed (31,
32) , and although there is a difference in the kinetics of glucose oxidation between
intraperitoneal glucose and an equivalent oral dose, the cumulative glucose oxidation and
glucose balance over a 6 hour study is similar for both routes of administration (33). Such
findings raises the question about the potential role of glucose absorption in obesity and insulin
resistance developmentin PD patients (34). In fact, several studies documented that, with time
on PD, there is an increasing prevalence of obesity and overweight, but a direct association

with peritoneal glucose absorption or fast transport status is not proven (35, 36).

Insulin resistance and hyperinsulinemia are already present in early stages of chronic
kidney disease (CKD) (37) and peritoneal dialysis seems to improve insulin sensitivity similarly
to hemodialysis, at least for a short time frame (38). However, following glucose ingestion,
peritoneal dialysis patients displayed an increase in the glycemic and insulinemic responses
compared to healthy subjects, suggesting an insulin resistant state (31, 39). There is a
pathophysiologic link between obesity and insulin resistance, as in obese patients the
adipocytes will release substantial amounts of free fatty acids and adipocytokines, like tumour
necrosis factor-alfa, interleukin-6 and leptin, that will promote insulin resistance trough different
pathways (40, 41). Obesity, insulin resistance, dyslipidemia and hypertension are considered
a cluster of risk factors for type 2 diabetes and cardiovascular disease in the general
population, and define the metabolic syndrome (42-44). As compared with hemodialysis or
pre-dialysis patients, uremic patients under PD seem to have a higher risk for metabolic
syndrome (45, 46) because of increased risk of metabolic disturbances such as
hyperglycemia, hyperinsulinemia and weight gain. However, results are not consensual about
the predictive power of metabolic syndrome as a cluster of risk factors for cardiovascular or
all-cause mortality in PD patients (47-50), and this lack of evidence in PD may be explained
by several reasons. First, we have to consider that some of the risk factors in metabolic
syndrome, as higher cholesterol levels and higher body mass index (BMI) are associated with

a better nutrition status, and therefore are most likely paradoxically associated with better
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clinical outcomes (51-54). Second, even the most recently proposed diagnostic criteria for
metabolic syndrome in peritoneal dialysis patients (55) have important limitations in terms of
obesity evaluation. The authors proposed measuring obesity in PD patients according to BMI,
instead of using waist circumference, as it is proposed by the National Cholesterol Education
Program Adult Treatment Panel Ill (42) and the International Diabetes Federation, for the
general population (43). In fact, it must be considered that waist circumference may not reliably
reflect abdominal visceral fat content in PD patients, due to the presence of a catheter, lax skin
condition after repeated distention of the abdomen by peritoneal dialysis fluid, and by the
potential interference of residual volume inside the abdomen cavity. However, we may also
argue against the use of BMI to characterize obesity, since a recent study has demonstrated
that, in general population, BMI is an inaccurate obesity classification method when compared
with measurement of relative body fat by dual X-ray absorptiometry (56). As CKD patients can
present simultaneous changes in nutritional status, body fat content and hydration status, BMI
may have even lower sensitivity and specificity in obesity characterization in patients under
dialysis. This was recently documented in a study reporting that a BMI < 30 Kg/m? does not
exclude the presence of obesity in a group of incident and prevalent patients under
hemodialysis, evaluated by anthropometry (57). Similar studies in the peritoneal dialysis field
are needed. The limitations in the diagnostic criteria, the lack of standardized definition and
the bias imposed by the absence of body composition assessment, may explain the
controversies about the systemic impacts of metabolic syndrome on PD patient outcomes.
Although patients on PD are highly susceptible to the metabolic complications included in
metabolic syndrome, there is no consensus about the clinical impact of these metabolic
derangements when analysed both separately and as a whole (48-50). Therefore, rather than
using a cluster of risk factors with unproven cut-off values, specific risk factor evaluation should
be done, with metabolic risk assessment combined with parameters of inflammation and

nutrition to fully assess the real systemic impact of metabolic derangements in PD.

The euglycemic hyperinsulinemic clamp is regarded as the reference method for insulin
sensitivity assessment (58, 59). However, this method is expensive and not suitable to use in
clinical practice. Homeostasis model assessment (HOMA-IR) is easy to perform, and was
validated as a valuable alternative of measuring insulin resistance, in a static state, both in
non-CKD patients (60, 61), in patients with CKD stages 3 and 4 (62, 63) and in CKD patients
on dialysis (64). A single study has evidenced that insulin resistance evaluated by HOMA-IR
is a predictor of cardiovascular disease in PD patients (65), however the specific role of
wasting, obesity, peritoneal glucose absorption and small solute transport was not addressed.

It was already established that insulin resistance in CKD patients has likely contributions from
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uremic toxins, inflammation, protein-wasting, adipokines, metabolic acidosis and vitamin D
deficiency that lead to acquired defects in the insulin-receptor signalling pathway (66). In order
to evaluate the potential benefit of a therapeutic intervention targeting insulin resistance in PD
patients, investigations should first clarify the sources of insulin resistance in this particularly
population. What causes insulin resistance in PD: protein-wasting or obesity? Future
investigations about insulin resistance in PD should assess the clinical relevant associations
with nutritional status, and further clarify the potential role of peritoneal glucose absorption and

peritoneal membrane fast transport status.

Adipokines have also been implicated in the pathogenesis of chronic inflammation and
insulin resistance associated with obesity, in general population (40, 67). A recent study
documented the same relationship in a group of patients under hemodialysis (64), showing
further that insulin resistance indices that incorporate adipokines (like HOMA corrected by
adiponectin and leptin/adiponectin ratio) were better correlates of glucose-disposal rate
measured by hyperinsulinemic euglycemic clamp. Similar studies in PD field are lacking. Leptin
contributes to endothelial dysfunction, atherosclerosis and insulin resistance, and adiponectin
has insulin-sensitizing, anti-inflammatory and anti-atherogenic effects (40, 41). In line with this
view, leptin/adiponectin ratio was been recently proposed as a new atherogenic index in type
2 diabetic patients without CKD. That concept has been supported by recent investigations
that evidenced a strong correlation between pulse wave velocity and carotid intima-media
thickness with leptin/adiponectin ratio (68, 69). This ratio is also markedly elevated in
peritoneal dialysis patients, and one singly study demonstrates an association with mortality
(70). However, this study was unable to assess the potential role of peritoneal glucose

absorption and peritoneal membrane transport status on adipokines profile.

The impact of body composition on adipokines is another relevant aspect in PD that
was not addressed by any clinical investigation until now. This is a major question when we
are evaluating patients with CKD because both obesity and protein-wasting will alter the
normal regulation of adipokines (71-73). There is experimental evidence that adiponectin may
be a reflection or induce protein wasting, by stimulating energy expenditure (72). Once more,
the absence of knowledge about patient’s body composition can be a bias that explains the
contradictory results about adiponectin and outcomes in patients with CKD (70, 74-78), and

this issue needs to be clarified in future investigations.

Nutritional assessment should be part of routine care in dialysis patients (79, 80) as
protein wasting is common in end stage renal disease patients (81, 82) and is a major
contributing factor to morbidity and mortality in patients under dialysis (12, 83). The first large

scale cross-sectional comparison study of nutritional status between patients on peritoneal
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dialysis and hemodialysis, evidenced that PD patients had significantly lower albumin levels,
and a higher proportion of malnutrition by subjective global assessment (42.3% versus 30.8%)
(84). Serum albumin robustly associates with death and hospitalization in ESRD patients under
dialysis (85), is easily and reproducibly measured and responds to appropriate interventions
(86). However, a recent investigation performed in a cohort of incident and prevalent dialysis
patients (87) evidenced that serum albumin correlated poorly with several other markers of
nutrition status and therefore, the authors concluded, that its value as a reliable marker of
nutritional status in ESRD patients is limited. For that reason, comparative studies on
nutritional status between patients under hemodialysis and peritoneal dialysis that rely on
serum albumin levels should be carefully interpreted. In fact, no single marker of nutrition
status has been judge to be the best to evaluate CKD patients. For that reason, a panel of
experts have recently recommended the simultaneous use of biochemical criteria; evidence of
low body weight, reduced body fat or weight loss; a decrease in muscle mass and low protein
or energy intake, in order to diagnose protein-energy wasting in CKD patients (81). With the
widespread use of bioimpedance analysis, a recent multicentre study in contemporary dialyzed
patients (88) has showed, contrary to previous studies, that protein-wasting is more prevalent
in hemodialysis patients, while PD patients seem to be relatively protected from catabolism,
by presenting a significant higher lean tissue index than their matched pairs on hemodialysis.
Given the controversy about nutritional status in PD, new studies in contemporary PD
populations should be done with full nutritional status characterization, according to the most
recent proposed criteria (81).

The problem of the impact of glucose absorption or membrane fast transport on
nutritional status was also not adequately addressed. Churchill and colleagues (26)
hypothesized that fast transporters would had greater loss of proteins in dialysate that would
not be compensated by protein ingestion, as the greater glucose absorption would lead to a
decreased appetite. They made that assumption based in the fact that dialysate protein and
albumin loses at baseline were higher in fast transporters, and that serum albumin was
significant lower, when compared with others transport categories. However, baseline
subjective global assessment, lean body mass percentage and normalized protein catabolic
rate (nPCR) were similar across peritoneal transport categories, and nPCR was not different,
in a 18 months follow up, between fast and non-fast transporters. Another study documented
the same correlation between membrane transport and albumin, but not between membrane
transport and overall nutritional status in PD patients (89). New studies about nutritional status
evaluation in fast transporters are needed in order to understand if those patients are more

susceptible to protein-wasting or if they are a high risk group for obesity. Given the fact that
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systemic inflammation is an independent predictor of survival in PD patients (90), its
association with obesity and insulin resistance should also be clarified, as there is no
knowledge yet about the factors that trigger systemic inflammation in these patients. This is
even more crucial to investigate, as the Global Fluid Study (90) has evidenced that systemic
and intraperitoneal cytokine networks are dissociated, with the second one being the most

important determinant of small-solute transport status, without affecting survival.

Finally, as cardiovascular disease is the first cause of mortality in PD, future studies should
focus on its relationship with nutritional status. Such a study would clarify if the concept of
reversal epidemiology, explained by a high prevalence of protein-energy-wasting is applicable
to PD patients, or if obesity and insulin resistance are in fact the major determinants of

cardiovascular events, as in the general population.

4. Structural and functional changes of the peritoneal membrane with time on PD

Dialysate hypertonicity, acidic pH, the presence of glucose degradation products, high
concentrations of lactate (91, 92) and glucose itself (93-95) contributes to structural alterations
that occur in the peritoneal membrane with time on PD, in a complex process known by
epithelial-to-mesenchymal transition (EMT) (96). Yanez-Mo et al. (96) demonstrated that
peritoneal mesothelial cells showed a progressive loss of epithelial characteristics and
acquired a fibroblast-like phenotype. According to that process, epithelial cells lose polarity,
cell-cell contacts and undergo a dramatic remodelling of their cytoskeleton. A portion of these
fibroblast-like cells of mesothelial origin invade the submesothelium stroma, because of their
increased migratory capacity, and contribute to PD induced fibrosis of the peritoneum, in a
process that involves TGF-B1 signaling. However, fibrosis is not the only structural alteration
evidenced by the peritoneal membrane with time on PD. In parallel with fibrosis, the peritoneum
shows an increase in angiogenesis, in a process that involves vascular endothelial growth
factor (VEGF) production by the non-epithelioid, fibroblast-like cells (97).

With time on PD, all this structural alterations will translate into functional changes, with
the loss of ultrafiltration capacity of the membrane being the final step (98, 99). The
angiogenesis process will translate in a progressive higher small solute transport rate, with an
acquired fast transport peritoneal membrane status (97). This fast transport status is
responsible for a faster osmotic gradient dissipation and will promote a decrease in water
transport through the ultra-small pores (100). With progression of submesothelial fibrosis, a

decreased in peritoneal membrane hydraulic conductance will occur, restricting further the
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water transport trough the aquaporins, and lowering the membrane osmotic conductance to
glucose (101, 102).

As peritoneal biopsies are not routinely performed in clinical practice, structural alterations
are hardly measured in the clinic. The above mentioned correlations between structure and
function allow for clinical assessment of the peritoneal membrane characteristics, through a

peritoneal equilibration test, and are fundamental to monitor, as this will guide PD prescription.
4.1. Functional evaluation of peritoneal membrane

The original peritoneal equilibration test (PET) proposed by Twardowski (103)
evaluates the capacity of the peritoneal membrane to transport solutes and its ability to
generate ultrafiltration. However, this test does not provide sufficient information to
discriminate between causes of ultrafiltration failure. To answer that question, a modified PET,
was proposed (104). This test, using 3.86% glucose solution instead of 2.27% glucose
solution, not only provides better information on ultrafiltration (because the larger drained
volume makes the result less subject to measurements errors, and is more sensitive for
detecting clinically significant ultrafiltration failure), but also allows the sodium sieving
measurement, as an indirect estimation of the magnitude of water transport through the
aquaporins. However, it is important to bear in mind that an apparent reduction in sodium
sieving can also be caused by an increase in peritoneal small solute diffusion, or by a reduction
in the ultrafiltration coefficient of the peritoneal membrane (105). Therefore, a reliable tool to
quantify both the peritoneal free water transport and small-pore solute and water transport
would be of great practical importance.

Recently, two methods have been developed to measure free water transport in PD
patients (106, 107), both validated by computer simulations using the three-pore model (108).
The standard permeability analysis test by Smit (107) is accurate to measure both free water
transport and small-solute transport, but involves several different measurements and
sophisticated calculations, making this test difficult to apply in clinical practice. The mini-PET
by La Milia (106) is a simple and accurate method that allows measurement of free water
transport, but overestimates the dialysate-to-plasma ratio of creatinine (D/Pcreatinine), SiNce it is
measured at 60 minutes, and the D/Pcreatinine at 60 minutes is not equivalent to the D/Pcreatinine
measured in a 4-hour PET (109). To overcome this limitations, Cnossen et al. (110), performed
a study in which they compared, in 10 prevalent PD patients, small solute transport assessed
in a 4-hour, 3.86% glucose PET, with temporary complete drainage of the peritoneum after 1
hour (allowing for simultaneous quantification of free water transport), concluding that the

interim step did not influence the D/Pcreainine Measured at 4 hours. This new method is simple
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to use in clinical practice and overcome the limitations of the mini-PET (106) that has only one
hour of duration. For that reason, this new and promising approach, should be re-evaluated,

in a larger PD population, in order to assess its clinical relevance.

4.2. Effluent biomarkers as an early sign of peritoneal membrane alterations:

controversies

The use of biomarkers as an early sign of peritoneal membrane alterations is currently
under debate (111-113), especially because clinical factors cannot give an accurate individual
prediction for peritoneal sclerosis (101). In a very recent research (102), patients with
encapsulating peritoneal sclerosis (EPS) presented, compared with long-term PD controls, an
early loss of both ultrafiltration capacity and sodium sieving two years before the onset of overt
EPS. The loss of ultrafiltration capacity in EPS patients was disproportionate to the increase
in MTAC of creatinine, and suggested an uncoupling between peritoneal fluid and solute
transport. In a multivariate analysis, the loss of sodium sieving was a powerful and
independent risk factor associated with encapsulating peritoneal sclerosis, outperforming other
clinical variables as younger age at dialysis onset, longer PD duration, lower residual renal
function, beta blocker use and peritonitis rates (102). Since a reduced free water transport is
the most powerful indicator for the development of EPS, and is not simply explained by an
increase in vascular capillary surface, it is important to search for a biomarker that correlates
both with ultrafiltration and free water transport, and not only with membrane small solute
transport status. The most recent studies about peritoneal effluent biomarkers compared
cytokines in patients who developed EPS with PD controls, and present contradictory results
(111-113). Besides, none of them has explored the associations between cytokines measured
in the effluent and water transport pathways, namely with free water transport that could be
significantly compromised several years before EPS onset (102), and for that reason, more

informative, allowing a timely diagnosis of peritoneal membrane dysfunction.

Hepatocyte growth factor (HGF) is known to play a crucial role in the repairing process
of tissues and preventing organ fibrosis (114-117). Human peritoneal mesothelial cells
constitutively synthetize HGF, and treatment of human peritoneal mesothelial cells with HGF
blocks high glucose-induced epithelial-to-mesenchymal transition (93). Recent clinical
research underscores that the protective role of HGF in peritoneal fibrosis is due to inhibition
of transforming growth factor 1 signaling (117). One single clinical study compared effluent
HGF concentration according to small solute transport status (118). However, the authors did
not explore any association between effluent HGF and ultrafiltration failure, neither with water
transport pathways quantification. It is thus relevant to increase the knowledge on HGF clinical

value in patients under PD, as it may possible point to new diagnostic opportunities and
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therapeutic avenues. Therefore, clinical investigation under this subject is mostly important

and needed.
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[11. AIMS AND OUTLINE OF THE THESIS

The aim of this thesis was to investigate the systemic impact of intrinsic aspects of the
peritoneal dialysis technique, such as peritoneal glucose absorption, peritoneal membrane
transport status, and peritoneal dialysis modality on residual renal function preservation,
maintenance of phosphate control, and development of protein-energy wasting, obesity and
insulin resistance in a population of incident and prevalent patients under peritoneal dialysis.
At the same time, this thesis focused also on the functional evaluation of the peritoneal
membrane, establishing a new peritoneal equilibration test to evaluate simultaneously small
solute transport and water transport, and explores new peritoneal effluent biomarkers that
could timely signalize peritoneal membrane deterioration, even before clinically relevant

ultrafiltration failure develops.

In chapter V.1, the factors that influenced residual renal function decline in our incident
peritoneal dialysis population were investigated. We aimed to test the hypothesis that the
previous renal replacement therapy modality, specifically transition to PD after renal graft

failure, impacts residual renal function loss.

In chapter V.II, the peritoneal membrane phosphate transport status was defined, in a
large prevalent peritoneal dialysis population, and its associations with hyperphosphatemia,
phosphate peritoneal clearance and peritoneal dialysis modality were investigated. We tested
the hypothesis that phosphate serum levels are dependent on peritoneal membrane

phosphate transport status, with a clinically relevant association with dialysis regimens.

In chapter V.lII, the nutritional status of a contemporary peritoneal dialysis population,
in treatment in our Unit, was investigated with the simultaneous use of different nutritional
assessment tools, including biochemical criteria, body composition assessment using

anthropometry, and characterization of dietary intake.

In chapter V.IV.I we aimed to test the hypothesis that leptin/adiponectin ratio, in patients
under peritoneal dialysis, is dependent on patient’s body composition, and impacts on
cardiovascular mortality. In this prospective study, the impact of adipokines profile as a
predictor of cardiovascular events was investigated, taking into consideration patient’s body
composition assessed by bioimpedance analysis and the potential roles of peritoneal glucose
absorption and peritoneal membrane small solute transport status. The relationship between
cardiovascular disease and nutrition status in PD patients was assessed. The value of body
mass index to measure obesity was evaluated against full body composition characterization
with bioimpedance analysis. Finally, the potential roles of peritoneal glucose absorption and

fast transport status on obesity development and adipokines profile were also investigated.

35



Metabolic derangements in peritoneal dialysis:

Systemic impact and functional expression of peritoneal membrane

In chapter V.IV.1I, insulin resistance, using homeostasis model assessment method
(HOMA-IR) and HOMA corrected by adiponectin (HOMA-AD), was evaluated in a group of
non-diabetic, contemporary patients, under peritoneal dialysis. Our aim was to test the
hypothesis that insulin resistance is dependent on body composition parameters, peritoneal
glucose absorption and peritoneal membrane small-solute transport status. Fast transporters
were particularly examined, since there are some concerns in the contemporary literature,

about the metabolic systemic consequences associated with a fast membrane transport status.

In chapter V.V.l, functional characterization of the peritoneal membrane was
performed in a multicentre study using a new peritoneal membrane equilibration test (the
«Two-in-one Protocol»). Small-solute transport status, free water transport and small-pore
ultrafiltration were simultaneously assessed and quantified. Ultrafiltration failure causes were
analysed. The relationship between the different water transport pathways was assessed, both

in situations with and without ultrafiltration failure.

In chapter V.V.II, we tested the hypothesis that hepatocyte growth factor (HGF), a
biomarker with important roles in the repairing process of tissues and organ fibrosis prevention,
signalizes peritoneal membrane derangements. Therefore, the relationship between effluent
HGF and free water transport and small solute transport were investigated. Patients with fast
transport status and free water compromise were particularly studied, since they are

considered a high risk group in terms of peritoneal membrane dysfunction.

Chapter VI includes a general discussion. Future investigations and perspectives are

also debated.

Chapter VIl includes a summary of the most important conclusions.
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IV. METHODS
Specific methodological issues in this investigation are highlighted.

Concerning nutritional assessment, the investigations performed involved several
tools, in order to achieve an accurate nutritional assessment of the studied PD patients,
according to the most recent criteria proposed by the International Society of Renal Nutrition
and Metabolism (81).

In the first study performed (chapter V.III), nutrition status was assessed by Subjective
Global Assessment (SGA) and by a nutrition status score (NSS) based on biochemical and
anthropometric measurements. The SGA was performed by a single trained observer, who
was blinded for the biochemical results of the patients. SGA integrates a four-item, 7-point
scale, based on history of weight change, appetite, gastrointestinal symptoms and physical
examination of body fat and muscles (119, 120). An SGA score of 6 — 7 indicates a well-
nourished individual (“A”); 3-5 a mildly-to-moderately malnourished individual (“B”); and 1-2, a
severely malnourished individual (“C”). Anthropometric measurements were made on biceps,
triceps, and subscapular skinfold thickness by a single observer, immediately after peritoneal
dialysate drainage, using a conventional Harpenden skinfold caliper. Each measurement was
repeated three times, and the average result was registered. Mid-arm circumference (MAC)
was also measured, and mid-arm muscle circumference (MAMC) was calculated using the
formula (121): MAMC (mm) = MAC (MM) — 3.14 x Triceps Skinfold (mm). Body density was
calculated based on the sum of skinfold thickness values, using the equations of Durnin and
Womersly (122). Fat mass and lean body mass were obtained from calculated body density
and body weight. The NSS used consisted of eight components: body mass index, percentage
of ideal body weight (calculated according to Butheau and Metropolitan Life Insurance
Company formulas), triceps and subscapular skinfold thickness, MAMC, serum albumin, total
lymphocyte count and subjective physical examination. Skinfold measurements and MAMC
were compared with the 50" percentile for the appropriate age and sex, and were expressed
as percentages (123).

In 2009 the PD Unit adopted, as a standard, the use of whole body bioimpedance in
order to evaluate patient’s body composition, using the Body Composition Monitor device
(BCM®, Fresenius Medical Care, Bad Homburg, Germany). For that reason, in the subsequent
investigations performed (chapters V.IV.l and V.IV.ll), anthropometric measurements were
no longer used, and were substituted by bioimpedance analysis. The bioimpedance method
applied was validated by isotope dilution methods (124), by accepted reference body

composition methods (125) and by extensive clinical assessment of the hydration state (126).
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Body composition assessments were done with full abdomen during the PET procedure. Lean
tissue index (LTI), fat tissue index (FTI), relative fat mass (rel.FM), body cell mass (BCM) and
relative over hydration (rel.OH) were measured. Only measurements achieving simultaneously
high quality (>90%) and lower error percentage (<35%), showing an inverted U curve, in the
device monitor, were considered valid. Due to biophysical reasons, the bioimpedance
spectroscopy does not measure sequestered fluid in the trunk (127), therefore the presence
or absence of PD fluid in the abdomen does not influence body composition parameters related
with nutritional status (128). Women with relative fat mass above 30% and men with relative
fat mass above 25% were considered obese (56). The values for LTI were compared to an
age and gender-matched reference population and according to this, patients with LTI inferior
to the 10™ percentile were considered to have protein wasting (129). Patients that
simultaneously presented with relative fat mass <10% and LTI < reference range, were

characterize as having protein-energy wasting (81).

Concerning biochemical assessments, albumin was measured by the same
methodology in the different studies performed (bromocresol green - Cobas Integra 800 —
Roche Diagnostics). Serum leptin and adiponectin, were measured using the same enzyme-
linked immunosorbent assays in the different studies performed (Mediagnost, Reutlingen,
Germany).

In the chapter V.IV.ll, insulin resistance was assessed using homeostasis model
assessment (HOMA-IR), homeostasis model assessment correct by adiponectin (HOMA-AD)
and by leptin/adiponectin ratio, according to the following equations (64): HOMA-IR = fasting
serum insulin (uU/mL) x fasting serum glucose (mg/dL)/405; HOMA-AD = fasting serum insulin
(LU/mL) x fasting serum glucose (mg/dL)/adiponectin (nug/mL); leptin/adiponectin ratio = leptin
(ng/mL)/adiponectin (ug/mL). In order to measure plasma insulin and plasma glucose without
a significant interference from peritoneal glucose absorption, the preceding overnight dwell
was standardized to 1.36% glucose solution in all patients (31). Venous blood samples were
obtained after an 8-10 hours overnight fasting period, in the morning of the peritoneal
equilibration test (PET). Blood samples were drawn after the last dwell drainage and before
starting the PET. Insulin was measured by a sandwich assay on an electrochemiluminescence
(ECLIA) immunoassay analyzer (Cobas E 170 — Roche Diagnostics GmbH). Patients with
HOMA-IR = 2.2 were considered to present insulin resistance, as this value corresponds to
HOMA-IR percentile 50 in the larger validation study about HOMA-IR against the euglycemic,
hyperinsulinemic clamp in non-diabetic patients (60).

In chapters V.IV.I and V.IV.Il, peritoneal glucose absorption was calculated by

subtracting the 24-h drained glucose (measured) from the total glucose influx by the dialysate.
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In chapter V.V.I a new peritoneal equilibration test (the “Two-in-One Protocol”’) was
tested in a large population of incident and prevalent patients under PD. This protocol allowed
free water transport (FWT) quantification, beyond a simple calculation of sodium sieving. None
of the patients evaluated had peritonitis during the study, or the preceding 6 weeks. During the
procedure, PD solutions low in glucose degradation products were used, according to the
individual patient’s prescription. The volume of dialysis solution was determined by weight,
without flushing the system and before filling the peritoneum. Blood and dialysate samples
(each approximately 10 mL) were taken at instillation of the dialysate and after 60 and 240
minutes. At 60 minutes, an additional measurement of ultrafiltration (UF) by total drainage of
the peritoneal cavity was performed. This drained volume was weighed and then immediately
re-infused. Finally, after 240 minutes, the peritoneal cavity was drained and the volume
obtained was weighed. During the study PET, FWT was calculated as follows: FWT (mL) =
Total UF volume at 60 minutes (mL) — UF through the small pores at 60 minutes (mL). The UF
through the small pores (SPUF) at 60 minutes was calculated as follows: SPUF (mL) = [NaR
(mmol) x 1000] / PNa, where NaR (mmol) is sodium removal and PNa is the sodium
concentration in plasma assessed by indirect ion-selective electrodes. The NaR was
calculated as [Dialysate V at 60 minutes (L) x Dialysate Na at 60 minutes (mmol/L)] — [Dialysate
V instilled (L) x Dialysate Na at 0 minutes (mmol/L)]. Using a simple algorithm, a correction for
FWT, as described by Venturoli and Rippe (108), was also performed: FWTcorected = TOtal UF
at 60 minutes + 15 — 0.92 x SPUF, where the “15” represents cumulative lymphatic absorption
during 60 minutes (18 mL) minus the cumulative UF through the large pores during 60 minutes
(approximately 3 mL). The FWT fraction was also evaluated. PETs with an ultrafiltered volume

< 400 mL/4h were considered to represent ultrafiltration failure (UFF) (130).

Functional evaluation of the membrane was performed in all investigations using the
Two-in-One PET. Creatinine and sodium were measured in both plasma and dialysate.
Glucose was assessed in dialysate. Creatinine and glucose were measured using standard
automated analyser techniques. For creatinine, the Jaffé compensated method was used. The
dialysate creatinine concentration was corrected for interference by glucose according to our
laboratory standards. Sodium in dialysate and plasma was measured using indirect ion-

selective electrodes.

In chapter V.V.ll, a new effluent biomarker was investigated in order to explore its
associations with small solute transport and membrane water transport pathways. Effluent
HGF was determined by ELISA technique according to the manufacturer’s instructions (IBL —

Immuno-Biological Laboratories Co. Ltd). The intra and inter-assay variations were
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respectively 8,8% and 10,0%. The sensitivity was 11pg/mL. The assay was considered highly

specific for the cytokine, and no significant cross-reactivity was observed.
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V.I. Predictors of residual renal function loss in PD patients

Bernardo A, Fonseca |, Rodrigues A, Carvalho MJ, Cabrita A. Predictors of residual renal
function loss in peritoneal dialysis: is previous renal transplantation a risk factor? Adv Perit
Dial. 2009;25:110-4.

Short Summary

Residual renal function (RRF) plays a major role in dialysis patient’s clinical outcomes, and for
that reason, preservation of residual renal function loss is an important goal in peritoneal

dialysis population.

In this study we investigated the factors associated with RRF decline in a population of 148

consecutive patients treated in our Unit.

Our study showed that RRF was not significantly different between patients who started
peritoneal dialysis (PD) as theirs first option, and those who started PD after renal
transplantation. Transfer from hemodialysis was the only significant predictor of baseline
anuria. After the start of PD, diabetes was the only independent predictor of anuria. Age,
gender, PD after renal graft failure, PD modality and fast transport status were not predictors

of anuria.

This investigation allowed us to conclude that diabetes was the most important determinant of
the time course of RRF decline in our population, and that peritoneal dialysis after renal
transplant failure can offer similar short-term RRF protection compared to that seen in PD-first

patients.
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Predictors of Residual Renal
Function Loss in Peritoneal
Dialysis: Is Previous Renal
Transplantation a Risk
Factor?

Preservation of residual renal function (RRF) is an
important goal in peritoneal dialvsis (PD). The
present study explored the factors conditioning RRF
decline in a PD population.

We studied 148 consecutive patients. Age, sex, dia-
betes, previous renal replacement therapy time and
modality [hemodialysis (HD), renal transplantation
(RT), or PD first], peritoneal transport, PD prescrip-
tion [automated (APD) or continmious ambulatorv],
and peritonitis were investigated as possible determi-
nants of RRF decline.

In 22 patients (15%), PD was started after RT.
Residual renal function was not significantly differ-
ent between patients who started PD as their first op-
tion and those who started after RT, either at baseline
or after 1 vear on PD. Baseline dialvsate-to-plasma
creatinine was also similar between those groups.

Transfer from HD was the single significant pre-
dictor of baseline anuria [odds ratio (OR): 6.3, p <
0.001). After the start of PD, diabetes was the only
predictor of anuria (OR: 2.5; p = 0.02). Age, sex,
reason for PD, PD after graft failure, peritonitis, use
of APD, and fast transport were not predictors of
anuria. Despite slow tapering of immunosuppression,
peritonitis-free survival was not shortened in patients
who started PD after RT.

Diabetes was a determinant of the time course of
RRF decline in PD. Peritoneal dialysis after RT fail-
ure offered shori-term RRF protection that was simi-
lar to that seen in PD-first patients.

Key words
Residual renal function. renal graft failure

From: Nephrology Department, Hospital Amato Lusitano.
Castelo Branco. and Nephrology Department. Centro
Hospitalar do Porto, Hospital Santo Antonio, Porto, Portugal.

Introduction

In recent years. greater focus has been given to
residual renal function (RRF) in patients on chronic
dialysis therapy because RRF plays an important role
in the maintenance of fluid balance and biochemical
homeostasis in end-stage renal disease patients on
dialysis. Several studies have reported that RRF is
better preserved m peritoneal dialysis (PD) than in
hemodialysis (HD) patients. There is a consensus that
RRF has a major effect on quality of life and out-
come in PD patients. and therefore preservation of
RRF becomes a goal of adequacy beyond the limited
role of Kt/V (1). As a result. determining the factors
that affect loss of RRF has become an important issue
in the care of PD patients.

Several factors have been associated with loss
of RRF (2-4): larger body mass index, presence of
diabetes, presence of congestive heart failure. use
of diuretics, hypotensive events. episodes of peri-
tonitis. inflammation. peritoneal fast transport sta-
tus, and use of automated PD (APD). However
results are not consistent. and studies often exclude
patients with a failed renal graft. which is becom-
ing one of the most frequent causes of dialysis ini-
tiation (5). Most patients with a failed renal graft
are initiated on HD as their next renal replacement
modality. and concerns about the success of PD in
this population have been expressed. given that few
studies have considered outcome in patients with
renal graft failure on PD. Sasal ef al. (6) and Davies
(7) reported a more rapid loss of RRF in PD pa-
tients with a failed renal allograft than in patients
who had never undergone kidney transplantation.
However de Jonge ef al. (8) reported no significant
difference in the decline of RRF between PD patients
with renal graft failure and never-transplanted patients
starting PD.
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Faced with these conflicting findings about pre-
dictors of RRF loss among fransplantation patients,
we explored the factors conditioning RRF decline in
our PD population.

Patients and methods

All consecutive incident patients commencing PD at
our center between January 2000 and June 2007 were
included in the study (n = 148). More than 50% of
the patients were treated with PD solutions low in
glucose degradation products. When needed for
ultrafiltration. icodextrin was the standard prescrip-
tion in the unit: use of hypertonic 3.86% glucose so-
lution has long been abandoned and is only
exceptionally prescribed.

Baseline factors such as age. sex, diabetes. total
previous time on renal replacement therapy (RRT).
previous modality [HD, transplantation (RT). PD as
first modality]. peritoneal transport category, and PD
prescription [continuous ambulatory PD (CAPD) or
automated PD (APD)]. and peritonitis episodes were
investigated as possible determinants of RRF decline.
Using timed urine collections, we measured RRF as
the arithmetic mean of urinary urea and creatinine
clearance at baseline and at approximately 3-month
intervals thereafter. The date of development of com-
plete anuria was also recorded.

The subgroup of patients started on PD after re-
nal graft failure was compared with PD-first patients.
The RT patients all received tapering immunosuppres-
sion: immediate withdrawal of antiproliferative drugs
(azathioprine. mycophenolate mofetil. sirolimus) af-
ter PD induction. with a slow reduction of calcineurinic
drugs and prednisolone over several months.

Statistical analysis

All data are expressed as mean =+ standard deviation
or median with interquartile range (IQR). Compari-
sons between groups of continuous variables used the
Student independent /-test or the Mann—Whitney test,
as appropriate. Proportions of categorical variables
were compared using the chi-square test.

The outcomes examined were anuria at PD baseline
(logistic regression) and time to loss of RRF (anuria)
after the start of PD (survival analysis by the Kaplan—
Meier method and Cox regression for multivariate
analysis). Kaplan—Meier survival curves were com-
pared using the log-rank test. The Cox proportional
hazards model was used to examine the effects of

Predictors of RRF Loss in PD

demographic. clinical, and dialysis variables on the
outcome variable. The relative risks for loss of RRF
(anuria) were determined by univariate and multivariate
Cox regression analysis and are presented as hazard
ratios (HRs) with a 95% confidence interval (CT).

A p value below 0.05 was considered to be statis-
tically significant. Statistical analyses were performed
using the statistical software package SPSS (version
15.0: SPSS. Chicago. IL, U.S.A.).

Results

Of the 148 consecutive incident patients included in
the study. 69% were women (102 of 148). The mean
age of the patients was 47.2 = 16.0 years, 26 (17.6%)
had diabetes, and 84 (56.8%) were on APD. Table I
shows the baseline characteristics of the study patients.

Patients had been on renal replacement therapy
for a mean of 3.9 £ 6.5 years (range: 0 — 34 years):
72 (48.6%) had transferred from HD (PD-after-HD
group), 22 (14.9%) started PD after renal graft fail-
ure (PD-after-RT group), and the remaining 54 (36.5%)
initiated dialysis with PD as the first modality (PD-
first group). Of the 148 patients. 49 (33.1%) were
anuric [glomerular filtration rate (GFR) < 1 mL/min]
at baseline: 31 (63.3%) in the PD-after-HD group.
8 (16.3%) in the PD-after-RT group. and 10 (20.4%)
in the PD-first group.

As expected., patients transferring from HD (mainly
because of vascular access failure) had a higher
prevalence of anuria (42.3% vs. 24.2%. p = 0.023),
and this association was confirmed by multivariate

TABLEI Characteristics of the study patients
Characteristic [n (%)]

Patients 148

Sex (men) 46 (31.1)

With diabetes 26 (17.6)

OnAPD 84 (56.8)
Reason for PD

Choice 68 (45.9)

Access failure 80 (54.1)
Renal replacement therapy

PD first 72 (48.6)

PD after HD 54 (36.5)

PD after RT 22 (14.9)
Baseline anuria 49 (33.1)
With peritonitis 74 (50)

APD = automated peritoneal dialysis: PD = peritoneal dialysis;
HD = hemodialysis: RT = renal transplantation.
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analysis. Transfer from HD was the only significant
predictor of baseline anuria (OR: 6.3; p < 0.001) af-
ter adjustment for age, sex. decision for PD (optional
or after access failure). previous renal replacement
therapy, and diabetes (Table II).

Peritonitis-free survival was similar in PD-after-RT
patients and PD-first patients (estimate: 391 days vs.
378 days: p = 0.92).

At baseline. median RRF was not significantly
different between PD-first patients and PD-after-RT
patients: 5.8 (IQR: 4.3 —8.3 mL/min) versus 8.1 (IQR:
4.2 — 16.1 mL/min; Mann—Whitney U: p = 0.26).
After 1 year on PD, no significant differences in me-
dian RRF emerged: 3.9 (IQR: 2.0 — 6.7 mL/min) ver-
sus 4.5 (IQR: 0.4 — 5.6 mL/min: Mann—Whitney U:
p=0.74). Baseline peritoneal transport as measured by
dialysate-to-plasma (D/P) creatinine from a 4-hour peri-
toneal equilibration test using 3.86% glucose was also
similar between the groups (0.76 £ 0.13 vs. 0.73 £0.11;
Mann—Whitney U p = 0.42).

Diabetes was significantly associated with an in-
crease in the risk of RRF decline. with a mean esti-
mate of 19.7 months to anuria in diabetic patients as
compared with 37.6 months in nondiabetic patients
(p = 0.028. Figure 1). Time to anuria was shorter in
PD-after-RT patients (estimate: 23.4 months in the
PD-after-RT group, 29.6 months in the PD-after-HD
group. and 36 months in the PD-first group). but the
PD-after-RT group was small (n = 14), and the dif-
ferences did not reach statistical significance.

By multivariate analysis (and excluding all
patients with anuria at baseline). the predictors for
anuria developing after the start of PD were diabetes

TABIED  Predictors of anuria at baseline of peritoneal dialysis
(logistic regression?)

Predictor OR 95% CI p Value
Reason (access failure vs. optional) 1.8 0.7to4.1 0.18
Diabetes (yes vs. no) 05 02tl1ls5 021
Age (years) 10 09tol0 0381
PD after HD vs. PD first 63 2.6to93 =0.001
PD after RT vs. PD first 23 07to76 0.17

OF. = odds ratio; CI = confidence interval: PD = peritoneal di-

alysis: HD = hemodialysis; RT = renal transplantation.

*  After including age, diabetes, reason for peritoneal dialysis
[PD (after access failure or optional)]. and dialysis modal-
ity before PD, transfer from hemodialysis was the only fac-
tor independently associated with the presence of anumna at
the beginning of PD.

3

(OR: 2.27; p=0.033) and previous time on RRT (OR:
1.005; p=0.028). Age, sex, peritonitis, reason for ini-
tiating PD (access failure or choice). previous RRT
modality (PD first, PD after RT). baseline D/P creati-
nine, and PD prescription (APD) were not significant
predictors for the development of anuria (Table III).

Discussion

Preservation of RRF is an important goal in the man-
agement of PD patients. However, in the literature,
results concerning the factors that influence the rate
of decline of RRF are conflicting.

Diabetes mellitus as one of the predictors of RRF
loss has been addressed by several studies. but not
all (9). In a recent study that enrolled 270 incident
PD patients (18% with diabetes). Liao et al. (2) re-
ported that the annual rate of RRF decline in patients
with diabetes was almost twice that of patients with-
out diabetes (2.38 = 1.38 mL/min/1.73 m” vs. 1.14 =
1.27 mL/min/1.73 m?). In the present study. we also
found that diabetes was a major determinant of RRF
decline, given that in the multivariate analysis. it was
the only predictor of anuria.

The contribution of peritonitis episodes to RRF
decline is more inconsistent. Some studies (2.10) re-
ported that peritonitis rate was an independent risk
factor for the decline of RRF in PD patients, but the
link remains unclear. Along with others (11). we were
not able fo document any association between anuria
and peritonitis rate.
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4 Predictors of RRF Loss in PD
TABLEW  Predictors of anuria (loss of residual renal function) after the start of peritoneal dialysis (Cox proportional hazards analysis?)
Predictor HR 95% CI p Value
Pentonitis episodes (1 vs. 0) 0.6 03to14 0.25
Pentonitis episodes (22 vs. 0) 0.9 04to 1.9 0.76
Reason for PD (access failure vs. optional) 1.5 0.8to 3.0 0.22
Diabetes (ves vs. no) 25 1.1to55 0.02
Age (years) 1.0 0.9to 1.0 0.46
Sex (men vs. women) 1.1 0.5t02.3 0.75
PD after HD vs. PD first 0.9 0.4to023 0.87
PD after RT vs. PD first 21 0.8to5.4 0.12

HR = hazard ratio; CI = confidence interval: PD = peritoneal dialysis: HD = hemodialysis; RT = renal transplantation.
#  Considering the variables sex, age. reason for peritoneal dialysis [PD (access failure/option)]. type of previous renal replace-
ment therapy. and number of peritonitis episodes in the model. diabetes was the only independent predictor of residual renal loss

afier PD start.

In a number of studies. fast peritoneal transport
status has been associated with increased technique
failure and mortality. but a recent investigation high-
lighted the heterogeneity of fast transport status both
in cause and in outcome (12). Johnson ef al. (11)
reported that a high D/P ratio was a risk factor for
rapid loss of RFF. The reason for that association is
uncertain, but the authors speculate that inflamma-
tion may have caused both an increase in the
peritoneal transport rate and a decline of RRF. We
were not able to document this association between
high peritoneal transport status and RRF loss in our
group. but inflammation status presumably depends
more on associated comorbidity and PD treatment
strategy. Information on peritoneal transport pro-
files in renal graft failure patients under PD treat-
ment is scarce, but notably, we did not find faster
transport rates in our PD-after-RT group than in our
PD-first patients.

Evidence has also emerged that APD, as com-
pared with CAPD. might have a deleterious effect on
RRF. It is hypothesized that the acute changes in vol-
ume and osmotic load induced at each nightly PD
session could potentially accelerate deterioration of
RRF. However, we—like others (2,11,13)—were not
able to document any difference in decline of RRF
between patients on cycler-assisted PD and patients
on CAPD. Our study lends further support to the
argument that APD therapy per se does not signifi-
cantly affect the decline of RRF.

In the integrated care model of renal replacement
therapy. patients with renal allograft failure returning
to a second chronic PD program represent a special
subgroup of end-stage renal disease patients. The

reasons that very few patients initiate PD after failed
allograft may be related to uncertainty about the success
of PD in this patient population (5): outcome studies
are few. and there are concemns about an increased risk
of therapy-related infection. We previously reported
similar cumulative patient and technique survival and
no difference in peritonitis-free survival between our
PD patients coming from transplant and our inci-
dent PD patients (14). Favorable results have also
been reported by other groups (15.16). But confra-
dictory findings have been reported for the rate of
decline of RRF in this population: one study sug-
gested that patients on PD after a failed renal trans-
plant have a faster rate of RRF decline than do other
patients on PD (7): and yet another observed simi-
lar findings in PD patients with renal graft failure
as compared with matched PD patients who had
never received a graft (17).

Like de Jonge ef al. (8). we found no difference
in the decline of RRF between patients starting PD
after renal transplant failure and a group starting PD
as their first renal replacement therapy. A determin-
ing factor might be immunosuppression management
after PD induction (18). Our policy of slowly taper-
ing immunosuppressors—immediate withdrawal of
antiproliferative drugs (azathioprine, mycophenolate
mofetil, sirolimus) because of the major infectious risk,
but slow reduction of calcineurinic drugs and pred-
nisolone over several months—presumably protect
renal graft function. However. this issue remains open.

Conclusions

In spite of the limitations typically found in our study
and others (for example. limited number of PD
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patients with renal graft failure, absence of prospec-
tive investigation of the link between immunosuppres-
sion tapering protocol and outcomes). our findings
suggest that. compared with PD-first patients, PD-after-
RT patients experience similar short-term RRF pro-
tection without a shorter peritonitis-free survival.

Diabetes seems to be an unmodifiable baseline
epidemiologic risk factor for development of anuria
after PD start. but further multicenter prospective
studies are needed to examine whether good glyce-
mic control and other modifiable determinants of RRF
loss can be identified. and to evaluate whether inter-
ventions targeting those determinants could slow the
deterioration of RRF in patients on chronic PD. The
promising role of icodextrin and alternative solutions
low in glucose degradation products in reducing RRF
decline must also be validated (19).
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V — Results

V.II. Peritoneal membrane phosphate transport status

Bernardo AP, Contesse SA, Bajo MA, Rodrigues A, Del Peso G, Ossorio M, Cabrita A, Selgas
R. Peritoneal membrane phosphate transport status: a cornerstone in phosphate handling in
peritoneal dialysis. Clin J Am Soc Nephrol. 2011 Mar;6(3):591-7. doi: 10.2215/CJIN.06960810.
Epub 2010 Nov 29.

Short Summary

Phosphate control impacts dialysis outcomes, but few studies have addressed the importance
of PD modality and peritoneal membrane transport status concerning dialytic phosphate
clearance.

With this clinical investigation, we aimed to define peritoneal phosphate transport in peritoneal
dialysis patients, and to explore its association with hyperphosphatemia, phosphate clearance

and PD modality.
We evaluated 264 patients treated in Peritoneal Dialysis Unit from La Paz University Hospital.

We were able to show that residual renal function was independently, negatively, associated
with hyperphosphatemia and that, in anuric patients, peritoneal membrane phosphate
transport status was the only significant predictor of hyperphosphatemia. We also evidenced
that phosphate and creatinine peritoneal membrane transport status characterization can differ
in the same patient, and that CAPD treatment is associated with an increase in phosphate
clearance of 13.6% among phosphate slow-average transporters, and 38.4% among

phosphate slow transporters.

Our study contributes to our understanding of peritoneal phosphate clearance by highlighting
the importance of establishing peritoneal membrane phosphate transport status. In
hyperphosphatemic or anuric patients, the decision on the optimal PD modality should also
take into account peritoneal phosphate transport characteristics, beyond urea Kt/V and
peritoneal creatinine clearance. Increasing dwell times or transfer to CAPD could be effective
strategies to improve phosphate handling in patients with inadequate phosphate control on
APD.
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Article I

Peritoneal Membrane Phosphate Transport Status:
A Cornerstone in Phosphate Handling in Peritoneal
Dialysis

Ana Paula Bernardo, * Sebastiin Azorin Contesse,” Maria Auxiliadora B.:rjo,* Anabela R’odrigue-s,‘é Gloria Del Peso,?
Marta Ossorio,* Anténio Cabrita,* and Rafael Selgas®

Summary

Background and objectives Phosphate control impacts dialysis outcomes. Our aim was to define peritoneal
phosphate transport in peritoneal dialysis (PD) and to explore its association with hyperphosphatemia,
phosphate clearance (PPhCl), and PD modality.

Design, setting, participants, & measurements Two hundred sixty-four patients (61% on continuous ambula-
tory PD [CAPD]) were evaluated at month 12. PPhCl was calculated from 24-hour peritoneal effluent. Phos-
phate (Ph) and creatinine (Cr) dialysate/plasma (D/P) were calculated at a 4-hour 3.86% peritoneal equili-
bration test.

Results D/PPh correlated with D/PCr. PPhCl correlated better with D/PPh than with D/PCr. Prevalence of
hyperphosphatemia (>>5.5 mg/dl) was 30%. In a multiple regression analysis, only residual renal function
was independently, negatively associated with hyperphosphatemia; in anuric patients, only D/PPh was an

independent factor predicting hyperphosphatemia. D/PPh was 0.57 = 0.10, and according to this, 16% of
the patients were fast, 31% were fast-average, 35% were slow-average, and 17% were slow transporters.
PPhCl was 37.5 + 11.7 L/wk; it was lower in the slow transporter group (31 = 14 L/wk). Among fast and
fast-average transporters, PPhCl was comparable in both PD modalities. In comparison to automated PD,
CAPD was associated with increased PPhCl among slow-average (36 * 8 versus 32 = 7 L/wk) and slow

transporters (34 * 15 versus 24 = 9 L/wk).

Conclusions In hyperphosphatemic, particularly anuric, patients, optimal PD modality should consider peri-
toneal phosphate transport characteristics. Increasing dwell times and transfer to CAPD are effective strate-
gies to improve phosphate handling in patients with inadequate phosphate control on automated PD.

Clin [ Am Soc Nephrol 6: 591-597, 2011. doi: 10.2215/CJN.06960810

Introduction

Hyperphosphatemia is common among dialysis pa-
tients and is a major risk factor for cardiovascular
mortality in both hemodialysis and peritoneal dialysis
(PD) patients (1-7). In PD patients, phosphate control
is known to deteriorate as residual renal function
(RRF) declines (8,9). In fact, although the importance
of RRF in maintaining serum phosphorus levels in PD
patients has already been established (8), the role of
peritoneal phosphate clearance in achieving adequate
phosphate homeostasis has not been well studied.
Dialytic phosphate clearance is the product of non-
modifiable peritoneal transport characteristics and
the modifiable components of dialysis prescription.
Whether creatinine may be used as a surrogate
marker of phosphate transport is now under debate.
Some authors consider that creatinine clearance mea-
surements provide a good estimate of phosphorus
clearance (10), whereas others showed that the peri-

ww.cjasn.org Vol 6 March, 2011

toneal transport state defined by the creatinine equil-
ibration pattern is poorly predictive of daily phos-
phate clearance (11). In fact, until now, no studies
have tried to define peritoneal membrane phosphate
transport status in an prevalent adult PD population.
Finally, few studies have addressed the importance of
PD modality concerning dialytic phosphate clearance
(10,12).

Because of this, the objectives of our study were to
define peritoneal membrane phosphate transport sta-
tus in a large, prevalent adult PD population and to
explore its association with hyperphosphatemia,
phosphate peritoneal clearance, and PD modality.

Materials and Methods

This was a cross-sectional and retrospective study
conducted at the La Paz University Hospital Home
Dialysis Unit. From the 348 prevalent patients on PD
that were treated in our unit from January 1992 until

Copyright © 2011 by the American Society of Nephrology
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January 2009, 264 patients were included in this cross-
sectional observational study. We excluded 84 patients
with <1 year of PD treatment. Each patient included was
evaluated at 12 months (1 year) after starting PD. Our
patients were receiving standard prescriptions of continu-
ous ambulatory peritoneal dialysis (CAPD) or automated
peritoneal dialysis (APD), according to European best
practice recommendations (13). Solutions with high cal-
cium content (3.5 mEq/L) were standardly prescribed in
the unit, unless the patient had sustained hypercalcemia.
Phosphate binders were prescribed, as appropriate, to
maintain serum phosphorus concentration between 3.5
and 5.5 mg/dl, according to the 2003 Kidney Disease Out-
comes Quality Initiative guidelines for mineral metabolism
(14). Residual renal function was calculated as the average
of 24-hour urinary urea and creatinine clearances. Stan-
dard parameters of dialysis adequacy were determined by
measuring total (renal and peritoneal) weekly urea clear-
ance (Kt/V) and creatinine clearance using standard meth-
ods (15). Dialysate creatinine concentration was corrected
for interference by glucose according to a reference for-
mula determined by our laboratory. Protein equivalent
nitrogen appearance (nPNA) was calculated using meth-
ods described by Randerson et al. (16) and normalized to
actual weight. Phosphate renal and peritoneal clearances
were calculated as follows: peritoneal phosphate clearance
(L/wk per 1.73 m*) = (dialysate phosphate in mg/dl/
plasma phosphate in mg/dl) X 24-hour effluent dialysate
volume (L) % 7 (corrected for 1.73 m® BSA); renal phos-
phate clearance (L/wk per 1.73 m®) = (urine phosphate in
mg/dl/plasma phosphate in mg/dl) X 24-hour urinary
volume (L) X 7 (corrected for 1.73 m? BSA). Additionally,
we performed a 3.86%, 4-hour glucose peritoneal equili-
bration test (PET). Dialysate/plasma (D/P) creatinine (Cr)
ratio and D/P phosphate (Ph) ratio were measured at 4
hours. The 24-hour dialysate collection was performed
exactly on the day before the realization of the PET for all
patients. Concerning phosphate transport status, our pa-
tients were classified as slow (D/P Ph < 0.47), slow-aver-
age (0.47 = D/P Ph <0.57), fast-average (0.57 = D/P Ph
<0.68), or fast (D/P Ph = 0.68) transporters, according to
the mean * SD of the dialysate/plasma phosphate ratio
(D/P Ph). We also divided our patients by the dialysate/
plasma creatinine ratio (D/P Cr) as slow (D/P Cr = 0.49),
slow-average (0.50 = D/P Cr = 0.64), fast-average (0.65 =
D/P Cr = 0.80), and fast (D/P Cr = 0.81) transporters
according to the criteria defined by Twardowski et al. (17).

Results were expressed as frequencies and percentages
for categorical variables, mean = SD for continuous vari-
ables, and median and interquartile range for nonparamet-
ric data. Correlations between two continuous variables
were expressed as Pearson’s or Spearman’s correlations
coefficients. Differences between hyperphosphatemic (se-
rum phosphate > 5.5 mg/dl) and normophosphatemic
(serum phosphate = 5.5 mg/dl) patients were evaluated
using unpaired # test, Mann-Whitey LI test, and Xz test as
appropriate. In the subanalysis of anuric patients, we an-
alyzed peritoneal phosphate clearance both as a continu-
ous and a categorical variable, according to the mean value
of peritoneal phosphate clearance (37.5 L/wk per 1.73 m?).
Multivariate analysis using conditional logistic regression

and multiple linear regression models (as appropriated)
were performed to analyze the determinants of hyperphos-
phatemia (serum phosphate being analyzed both as a con-
tinuous and categorical variable) at 1 year of treatment,
first in all of the patients and then focused on anuric
patients. The following variables were included in the
models: PD modality as a categorical variable (CAPD ver-
sus APD) and nPNA, peritoneal urea Kt/V, peritoneal
creatinine clearance, peritoneal phosphate clearance, D/P
Ph, D/P Cr, and RRF as continuous variables. We com-
pared clearances of small solutes (urea, creatinine, and
phosphate) according to PD modality (CAPD versus APD)
using the t test and Mann-Whitney U test, as appropriate.
Peritoneal phosphate transport was categorized according
to mean = SD of D/P Ph. We compared clearances of small
solutes (urea, creatinine, and phosphate) across the four
categories of peritoneal membrane phosphate transport
status using one-way ANOVA and Kruskal-Wallis tests, as
appropriate. We finally explored the adequacy and phos-
phate clearances according to PD modality, controlling for
peritoneal phosphate transport status. P < 0.05 was con-
sidered statistically significant. Statistical analysis was per-
formed using SPSS, version 15.0, for Windows software
(SPSS, Chicago, IL).

Results

Patient baseline characteristics are listed in Table 1. The
baseline evaluation (at 3 months) concerning peritoneal
membrane small solute transport and residual renal func-
tion (data not shown) was not significantly different from
that at 1 year. In the PET at 1 year, mean 4-hour D/P ratio
was 0.70 = 0.1 for creatinine and 0.57 = 0.1 for phosphate.
A close correlation was observed between D/P Th and
D/P Crat 1 year (r = 0.81, P < 0.0001; Figure 1, left).

Correlation between Creatinine Transport and Phosphate
Transport

Peritoneal phosphate clearance at 1 year correlated better with
peritoneal creatinine clearance at 1 year than with peritoneal
urea Kt/V at 1 year (r = 0.650, P < 0.0001 and r = 0451, P <
0.0001, respectively). Peritoneal phosphate clearance at 1 year
correlated better with D/P Ph at 1 year than with D/P Cr at

Table 1. Population baseline characteristics

Total (n = 264)

Sex (male) 160 (60.6%)

Age (years) 51.4 = 16.0
CAPD/APD 160 (60.6%) /104 (39.4%)
Diabetes mellitus 46 (17.4%)

Renal diagnosis

Chronic glomerulonephritis 47 (17.8%)
Tubulointersticial 47 (17.8%)

nephropathy
Diabetic nephropathy 37 (14.0%)

Poliquistic autossomic 29 (11.0%)

dominant nephropathy

Hypertensive 29 (11.0%)
nephrosclerosis

Unknown 38 (14.4%)

Others 37 (14.0%)
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Figure 1. | (Left) Relation between D_P Ph_1y (dialysate to plasma phesphate ratio) and D_PCr 1y (dialysate to plasma creatinine ratio).
(Right) Categorization of patients concerning phosphate peritoneal transport (according to mean = SD of D/P Ph) and creatinine peritoneal

transport (according to Twardowski et al.).

1 year (r = 0490, P < 00001 and r = 0400 P < 0.0001,
respectively).

Hyperphosphatemia, RRF, and Phosphate Clearance

At 1 year of treatment, 79 patients (30%) had hyperphos-
phatemia (serum phosphate levels >5.5 mg/dl). Phosphate lev-
els correlated negatively with residual renal function and renal
phosphate clearance (r = —0.290, P < 0.0001 and r = —0.225,
P = 0.008, respectively) but did not correlate with nPNA or with
peritoneal small solute clearances. In a multiple regression anal-
ysis, only RRF was independently and negatively associated
with hyperphosphatemia [Exp(B) = 0.75; 95% confidence inter-
val, 0.64 to 0.89; P = 0.001]. The same results were obtained
considering serum phosphate as a continuous variable (data not
shown). In fact, serum phosphate levels were =5.5mg/dl
in 43.6% of anuric patients (n = 78) versus 24.2% of
patients with RRF (n = 186, P = 0.002). Among patients
with RRF, those with hyperphosphatemia had signifi-
cantly lower renal phosphate clearances than patients
with serum phosphate =5.5mg/dl (28.2 *+ 21.1 versus
455 = 30.1 L/wk per 1.73 m? P = 0.018), whereas
peritoneal phosphate clearance was similar in the two
groups (34.7 = 10.7 versus 34.6 = 10.9 L/wk per 1.73 m?;
Table 2).

Anuric Patients

Anuric hyperphosphatemic patients had lower mean
levels of phosphate peritoneal clearance and a statistically
significant slower membrane phosphate transport rate
(Table 2). Concerning adequacy parameters among an-
uric patients, we observed that 97.2% had a peritoneal
Kt/V of 1.7 or greater and 83.3% had a peritoneal cre-
atinine clearance of 45 L/wk per 1.73 m’ or greater.
However, only 68.8% had a peritoneal phosphate clear-
ance of 37.5 L/wk per 1.73 m? or greater (equal or
greater than the mean peritoneal phosphate clearance of
the population in this analysis). In fact, serum phosphate
levels were >5.5mg/dl in 62.5% of anuric patients with
peritoneal phosphate clearance <37.5 L/wk per 1.73 m?>
(n = 24) versus 33.9% of anuric patients with a peritoneal
phosphate clearance of =37.5 L/wk per 1.73 m? (n = 54,

P = 0.019). In a multiple regression analysis, only D/P
Ph was independently and negatively associated with
hyperphosphatemia in anuric patients [Exp(B) = 0.003,
95% confidence interval, 0.001 to 0.50; P = 0.026]. We
obtained the same results considering serum phosphate
as a continuous variable (data not shown).

Modality of PD Controlling for Peritoneal Membrane
Phosphate Transport

To compare phosphate clearances according to PD mo-
dality, also controlling for peritoneal membrane phosphate
transport rate, we studied 260 patients (we excluded 4
patients without 1-year PET evaluation): 157 (60.4%) were
treated with CAPD and 103 (39.6%) with APD. We de-
tected a different categorization of patients concerning
phosphate and creatinine peritoneal transports. Relative to
peritoneal phosphate transport, 42 (16.2%) patients were
classified as fast transporters (D/P Ph = 0.68), 81 (31.2%)
as fast-average transporters (0.57 = D/P Ph <0.68), 92
(35.4%) as slow-average transporters (0.47 = D/P Ph <
0.57), and 45 (17.3%) as slow transporters (D/P Ph < 0.47).
Concerning peritoneal creatinine transport, 30 patients
(11.5%) were classified as fast transporters (D/P Cr = 0.81),
163 (62.7%) as fast-average transporters (0.65 = D/P Cr =
0.80), 67 (25.8%) as slow-average transporters (0.50 = D/P
Cr = 0.64), and 0 as slow transporters (D/P Cr = 0.49;
Table 3; Figure 1, right).

According to PD modality, patients treated with APD
had higher peritoneal urea Kt/V than patients treated with
CAPD (1.71 = 0.5 versus 1.45 = 0.3, P < 0.0001), but there
was no difference in peritoneal creatinine clearance or in
peritoneal phosphate clearance between those treated with
APD or CAPD (Table 3). Patients with fast-transport mem-
branes had a higher peritoneal urea Kt/V, a higher peri-
toneal creatinine clearance, and a higher peritoneal phos-
phate clearance than the rest of categories (Table 4).

When peritoneal phosphate clearance by modality was
examined for each phosphate membrane category, there
was no significant difference in phosphate clearance be-
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Table 2. Dialysis adequacy, phosphate clearance, and peritoneal transport status in patients with a serum phosphorous level of =5.5
mg/dl versus >5.5 mg/dl and stratified according to residual renal function at 1 year of treatment
Serum Phosphate
Patients with RRF Anuric Patients All
Patients
=5.5 mg/ >5.5 mg/ =5.5 mg/ >5.5 mg/ n =264
dl dl dl dl
(n = 141) (n = 45) (n = 44) (n = 34)
Total weekly urea Kt/V 2707 21=*04° 2103 20x03 2407
Peritoneal weekly urea Kt/V 1.5x04 14+03 21x03 2003 1604
Renal weekly urea Kt/V 1.2 =08 0.7 0.5 0.8 =08
Total wezekly CCr (L/wk per 93.7 = 345% 68.0 + 20.4° 526 + 103 53.7 + 7.8 79.0 + 327
1.73 m?)
Peritoneal weekly CCr (L/wk 355938 342%73 526 =103 53.7 £ 10.1 394 =118
per 1.73 m?)
Renal weekly CCr (L/wk 58.2 = 37.1° 33.8 +22.2° 39.6 + 382
per 1.73 m?)
Total weekly CPh (L/wk 80.1 £ 29.9° 62.9 = 21.5° 46.6 = 10.6 434 =113 616 =272
per 1.73 m?)
Peritoneal weekly CPh (L/wk 346 =109 347+ 107 46.6 = 10.6 434+113 375 + 117
per 1.73 m?)
Renal weekly CPh (L/wk per 45,5 = 30.1° 28.2 +21.1° 222+ 296
1.73 m?)
RRF (ml/min per 1.73 m?) 58 £3.7° 37+25 38 *+38
D/P Cr 0.69 = 0.1 070 £ 0.1 073 £ 0.1 071 £ 0.1 0.70 + 0.09
D/P Ph 0.56 = 0.1 058 = 0.1 0.63 + 0.1° 0.57 + 0.1° 0.57 + 0.11
nPNA (g/kg per day) 12+03 1.2+03 1.1+£03 1.1+02 1.2+03
Values are expressed as mean = SD. CCr, creatinine clearance; CPh phosphate clearance.
P < 0.05 patients with RRF and serum phosphorous =5.5 mg/dl versus patients with RRF and serum phosphorous >5.5 mg/dl,
according to independent sample  test.
PP < 0.05 anuric patients with serum phosphorous =5.5 mg/dl versus anuric patients with phosphorous >5.5 mg/dl, according tof
independent sample f test.

Table 3. Peritoneal membrane transport status and solute clearances according to PD modality, at 1 year of treatment

Variable CAPD APD IF

Peritoneal urea Kt/V 145 0.3 1.71 05 <0.0001*
Peritoneal creatinine clearance (L/wk per 1.73 m?) 38701 400 =135 0.527
Peritoneal phosphate clearance (L/wk per 1.73 m?) 36502 367 =121 0.928
D/P Cr 0.60 = 0.1 071+01 0.319

fast transporter 17/30 (56.7%) 13/30 (43.3%)

fast-average transporter 98/163 (60.1%) 65,/163 (39.9%)

slow-average transporter 42/67 (62.7%) 25/67 (37.3%)

slow transporter 0 0
D/P Th 0.61 £ 0.1 061+01 0.884

fast transporter 23/42 (54.8%) 13/42 (45.2%)

fast-average transporter 49/81 (60.5%) 32/81 (39.5%)

slow-average transporter 52/92 (56.5%) 40/92 (43.5%)

slow transporter 33/45 (73.3%) 12/45 (27.7%)

plasma phosphate ratio (D/P Ph).

test if nonparametric.

Values are expressed as frequencies and percentages for categorical variables, mean * SD for continuous variables. Patients are
categorized, concerning creatinine transport status, as slow (D/P Cr = 0.49), slow-average (0.50 = D/P Cr = (0.64), fast-average
(0.65 = D/P Cr = 0.80), and fast (D/P Cr = 0.81) transporters, according to the criteria defined by Twardowski et al..
Patients are categorized, concerning phosphate transport status, as slow (D/P Ph < 0.47), slow-average (047 = D/P Ph <
0.57), fast-average (0.57 = D/P Ph < 0.68), or fast (D/P Ph = 0.68) transporters, according to mean * SD of dialysate/

P < 0.005 comparisons between patients in CAPD versus APD using the f test if data were parametric and the Mann-Whitney U

55



Metabolic derangements in peritoneal dialysis:

Systemic impact and functional expression of peritoneal membrane

Clin ] Am Soc Nephrol 6: 591-597, March, 2011

Peritoneal Phosphate Clearance, Bernardo et al. 595

Table 4. Solute clearances comparison across peritoneal membrane phosphate transport status, at 1 year of treatment

(L/wk per 1.73 m?)

Variable Fast Fast-Average Slow-Average Slow P
Peritoneal urea Kt/V 187 £05 1.63 05 158 +04 15104 0.016%
Peritoneal creatinine clearance 493+ 122 418 = 139 371 x88 343 +122 0.005%
(L/wk per 1.73 m?)
Peritoneal phosphate clearance 474 + 126 394 +09 340+76 314 + 143 <0.0001*

parametric and Kruskal-Wallis test if nonparametric.

Values expressed as mean = SD. Patients classified as slow, slow-average, fast-average. or fast transporters, according to mean =
SD of dialysate plasma phosphate ratio (D/F Ph) at a 4-hour, 3.86% glucose PET.
P < 0.005 intergroup solute clearances comparison across the four transport groups using one-way ANOVA if data were

tween the modalities in the fast and fast-average transport
categories (Table 5). However, in the slow-average and
slow categories, treatment with CAPD was associated with
significantly higher phosphate clearance than with APD
(Table 5). We did not found any significant difference in
RRF or in renal phosphate clearance between the four
groups (slow, slow-average, fast-average, and fast trans-
porters) that could indirectly interfere on peritoneal phos-
phate transport. There was no significant difference in
peritoneal creatinine clearance between the two PD modal-
ities across any of the membrane transport categories (Ta-
ble 5).

Discussion

Our study highlighted that, other than RRF, peritoneal
phosphate transport rate and clearance evaluations are
additional parameters that can be used to optimize phos-
phorus control in PD patients.

Hyperphosphatemia is highly prevalent in PD patients
and is a strong predictor of overall and cardiovascular
mortality (1-4). Although elimination of inorganic phos-
phate by dialysis is a cornerstone in the management of

hyperphosphatemia, the subject of phosphate handling by
PD is scarcely addressed and has not been completely
studied. Phosphate transport across the peritoneum is in-
fluenced by osmotic, chemical, and electrical gradients, as
well as by transmembranous active phosphate transporters
and thus is more complex than peritoneal urea or creati-
nine transport (18-20). As in Sedlacek ef al. (10), our study
showed that peritoneal phosphate clearance is more
closely related with peritoneal creatinine clearance than
with peritoneal urea clearance. This finding must be re-
lated to some special features of the phosphate molecule,
because the molecular weight of phosphate (96 Da) lies
right between those of urea (60 Da) and creatinine (130 Da),
and the molecular radius of phosphate (2.8 A) is closer to
that of creatinine (3.0 A) than urea (1.8 A). However,
concerning peritonea] membrane transport status, we
showed a closer relation with peritoneal phosphate clear-
ance and D/P Ph than with D/P Cr in a 4-hour, 3.86%
glucose PET. This finding is even more important once
residual renal function is lost. In that circumstance, the
peritoneal membrane phosphate transport status plays the
most important role in the management of hyperphos-

modality, at 1 year of treatment

Table 5. Peritoneal urea, creatinine, and phosphate clearances according to peritoneal membrane phosphate transport status and PD}

CAPD APD P

Peritoneal Kt/V

fast 147 £ 0.3 1.99 = 04 0.026"

fast-average 1.74 £ 0.51 156 £ 0.5 0.054

slow-average 1.66 = 0.2 146 = 0.4 0.242

slow 1.58 = 0.3 144 + 0.3 0.720
Peritoneal creatinine clearance

fast 496 = 8.8 544 * 128 0.249

fast-average 41.0 =142 423+ 140 0.775

slow-average 411 +£62 371 £115 0.968

slow 37251 318 £13.2 0.279
Peritoneal phosphate clearance

fast 469 £ 126 48.1 £ 13.0 0.755

fast-average 393+ 104 39.6 x93 0.865

slow-average 35978 31.6 6.6 0.006°

slow 330+ 152 245 =90 0.049°

Whitney U test if nonparametric.

Values expressed as mean = SD. Patients classified as slow, slow-average, fast-average, or fast transporters, according to mean =
SD of dialysate plasma phosphate ratio (D/F Ph) at a 4-hour, 3.86% glucose PET.
P < 0.005 intergroup comparisons between patients in CAPD versus APD using the f test if data were parametric and the Mann-
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phatemia by PD. Hence, when we divided patients accord-
ing to the classical Twardowski categories of peritoneal
membrane transport status, we found that only 67 patients
(25.8%) had a slow-average transport status, and none fell
into the slow transport status category. However, when
divided according to mean = SD of D/P Ph, 137 patients
(52.7%) had a slow-average/slow transport status, and
these patients had significantly lower values of peritoneal
small solute clearances than the patients in the fast/fast-
average transport category. This means that D/P Cr is not
a sufficiently accurate measure to classify patients for peri-
toneal membrane phosphate transport status. The aqueous
layer that surrounds the phosphate molecule, increasing its
effective molecular weight, may be one of the reasons why
creatinine apparently reaches a more rapid equilibration
across the peritoneal membrane than phosphate (18,20,21).

Previous studies that made direct comparisons of phos-
phate clearance between CAPD and APD have not shown
significant differences in peritoneal phosphate clearance
(10,22) or worse peritoneal phosphate clearance on CAPD
(23). These studies were limited by small sample size and
no adjustment for peritoneal membrane transport cate-
gory. Sedlaceak et al. (10) and Badve ef al. (12) reported that
phosphate clearance is increased in fast transporters com-
pared with slow transporters in CAPD and APD when
peritoneal transport status is defined according to Twar-
dowski categories of D/P Cr in a 4-hour, 3.86% glucose
PET. Our study expands on the work of these groups
because we compared phosphate clearance between CAPD
and APD by adjusting for peritoneal membrane phosphate
transport category. In fact, when we compared modalities
across each peritoneal phosphate transport category, we
found that PD modality is a significant determinant of
phosphate handling, in subgroups of patients, with supe-
rior peritoneal phosphate clearance associated with CAPD
treatment among slow and slow-average transporters.
Thus, our data suggest that peritoneal membrane phos-
phate transport status should also be considered when
optimizing the PD prescription, especially among anuric
patients. Like Wang et al. (8), we showed that anuric PD
patients have poorer phosphate control than those with
residual renal function, and in these patients, serum phos-
phate is an inverse function of the peritoneal phosphate
clearance. Our findings that treatment with CAPD was
associated with an increase in phosphate clearance of
13.6% among slow-average transporters and 38.4% among
slow fransporters, compared with APD, suggest that PD
prescription may play an important role in phosphate han-
dling, especially among anuric patients with slow trans-
port categories.

The International Society for Peritoneal Dialysis guide-
lines on PD adequacy recommend a urea Kt/V target of
=1.7 and a separate target of =45 L/wk per 1.73 m” of
creatinine clearance (13). Our data suggest that focusing
only on urea and creatinine for assessment of dialysis
adequacy may result in inadequate clearance of phosphate.
In fact, although the majority of our anuric patients accom-
plished those adequacy targets, 43.6% of them had hyper-
phosphatemia. From these, 44% had a peritoneal phos-
phate clearance <37.5 L/wk per 1.73 m?, which might be
amenable by adjusting PD prescription to peritoneal mem-

brane phosphate transport rate, because 80% of them were
slow/slow-average phosphate transporters, and 50% of
these patients were on APD.

To our knowledge, this is the first study that defines
peritoneal membrane phosphate transport status in a large,
prevalent adult PD population and explores its association
with hyperphosphatemia and peritoneal phosphate clear-
ance.

One limitation is that this is a cross-sectional and obser-
vational study. Although we assessed a cross-section of the
PD population who were receiving adequate dialysis on
CAPD or APD, we did not attempt to assess the effect of
tidal regimens, dwell times, or number of cycles on phos-
phate clearance. Another limitation of our study is that the
phosphate binding prescription was not included. How-
ever, the lack of correlation between indirect protein intake
(nPNA) with serum phosphate that we found, the univer-
sal uncertainty about phosphate binder accomplishment,
and the fact that we focused our study on peritoneal phos-
phate elimination, may neutralize the effect of these limi-
tations.

Conclusions

This study contributes to our understanding of perito-
neal phosphate clearance by highlighting the importance
of establishing peritoneal membrane phosphate transport
status. In hyperphosphatemic and/or anuric patients, the
decision on the optimal PD modality should also take into
account peritoneal phosphate transport characteristics and
not just urea Kt/V or peritoneal creatinine clearance. In-
creasing dwell times or transfer to CAPD could be effective
strategies to improve phosphate handling in patients with
inadequate phosphate control on APD.
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V — Results

V.III. Evaluation of nutritional status in contemporary PD patients

Bernardo AP, Fonseca |, Rodrigues A, Carvalho MJ, Cabrita A. Overweight rather than

malnutrition is widely prevalent in peritoneal dialysis patients. Adv Perit Dial. 2009;25:119-24.

Short Summary

Protein wasting is common among chronic kidney disease patients under dialysis, contributing
to morbidity and mortality. Few studies evaluate the nutritional status of contemporary

peritoneal dialysis (PD) patients.

In this clinical investigation, we studied 57 PD patients treated in our Unit. We assessed their
nutritional status according to the most recent criteria of International Society of Renal Nutrition

and Metabolism.

We concluded that overweight rather than malnutrition was widely prevalent in our population,
but we could not find any association between overweight and obesity with demographic or
modality related factors, neither with fast transport, nor with markers of systemic inflammation.
However, we documented a potential atherogenic lipid profile in the overweight group, which
can be seen as a potential risk factor for cardiovascular disease. This clinical investigation
brings up de question whether overweight is a protective condition, associated with lower
comorbidity and a lower metabolic rate, or whether it instead represents a clinical menace. In
our subsequent clinical investigations (chapter V.IV.l and V.IV.Il) we tried to specifically
address this issue.
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Overweight Rather Than
Malnutrition Is Widely
Prevalent in Peritoneal
Dialysis Patients

Peritoneal dialysis (PD) patients seem fo maintain a
better nutrition status than do hemodialysis patients,
and some develop overweight. The clinical relevance
of overweight in PD is uncertain. We assessed
nutrition status and evaluated the prevalence of over-
weight in PD patients, and we explored the associa-
tion of overweight with demographic, clinical, and
dialysis factors.

The study group included 57 patients (31.5% men,
12.3% with diabetes,; mean age: 49.5 + 14.9 years) on
PD for 2.9 + 2.7 years. Nutrition status was assessed
by subjective global assessment (SGA), body mass in-
dex (BMI), and a nutrition status score (NSS) based
on biochemical and anthropomefric measurements.

By §GA, 70.2% of patients were classified as
having a normal nutrition status; none had severe
malnuirition. Based on the NSS, only 4 patients
were identified as mildly-to-moderately malnour-
ished. By BMI, 50.9% of the pafients were over-
weight (BMI > 25 kg/m?). No relationship was found
Jor BMI or NSS with dialysis fime, Kt/V, residual
renal function, or peritoneal transport. Similar re-
sults were obtained considering only overweight
patients. Overweight patients had higher levels of
serum albumin (p = 0.014), homocysteine (p =
0.003), and total-to—high-density lipoprotein cho-
lesterol ratio (p = 0.048).

Instead of malnutrifion, overweight was highly
prevalent in our PD patients. Overweight was not
associated with demographic- or modality-related
factors, nor with fast transport or markers of sys-
temic inflammation.

Key words
Nufrition status. overweight

From: 'Nephrology Department, Hospital Amato Lusitano,
Castelo Branco, and *Nephrology Department, Centro
Hospitalar do Porto, Porto, Portugal.

Introduction

Malnutrition is common among patients with end-
stage renal disease (ESRD), and it undoubtedly con-
tributes to morbidity and mortality. An assessment
of nutrition status should be part of routine care in
dialysis patients, but may be particularly challeng-
ing in this population. Standard parameters of nu-
trition assessment are often invalid in ESRD. which
leads to difficulty in identifying and assessing nu-
trition status (1).

In ESRD. the nutrition profile is quite different
by dialysis modality. In fact. although malnutrition
is common in hemodialysis patients, recent studies
have demonstrated that some peritoneal dialysis (PD)
patients maintain good nutrition status, and some
develop overweight or obesity. depending on the
assessment method used (1).

Many methods have been used to assess nutrition
status in patients on dialysis. No single marker of
nutrition has been judged the best to evaluate these
patients. Several parameters should therefore be
evaluated together. including assessment of body com-
position, history of weight loss. estimation of dietary
protein intake, and some evaluation of protein stores.
Subjective global assessment (SGA) is a useful in-
strument that gives a global score of protein—energy
nutrition status. Anthropometry quantifies subcuta-
neous fat mass and muscle mass, providing reliable
information about nutrition status. Finally. several
biochemical markers (serum albumin. prealbumin.
and transferrin) have been used to evaluate visceral pro-
tein stores and nutrition status. Of these biochemical
markers, serum albumin has so far been the one most
commonly used to assess malnutrition. and hypoalbu-
minemia has sometimes been used—often erroneously.
because confounding non nutrition factors influence its
serum levels—to diagnose malnufrition (1.2).

Body mass index (BMI) is used both as a mea-
sure of obesity and of malnutrition. Low BMI is well
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kmown to be strongly associated with worse outcome
in hemodialysis patients, because it reflects a poor
nutrition status, which in tum is one of the major
determinants of survival in that population (3). By
confrast, patients who are obese seem to have a sur-
vival advantage (4). Most, but not all, studies show a
similar survival benefit for patients on PD (4.5).
Although this research places obesity in the dialysis
population in a new light, it might be that for the
individual patient on PD, obesity may still be consid-
ered a clinical menace because of cardiovascular
morbidity and mortality. In the general population,
dyslipidemia associated with obesity is one of the
central features contributing to the increased cardio-
vascular risk in obese patients. There are no reports
about the relevance of lipid profile in overweight and
obese PD patients.

In the present study. we evaluated nutrition sta-
tus and prevalence of overweight in PD patients.
We also explored the relationship between over-
weight and demographic. clinical, and dialysis mo-
dality factors.

Patients and methods

All stable patients who were being treated in our
PD unit and who had been on PD for a minimum of
3 months were eligible for inclusion in this cross-
sectional study. We enrolled 57 PD patients.

Nutrition assessment

Nutrition status was assessed by SGA and BMI. and
by a nutrition status score (NSS) based on biochemi-
cal and anthropometric measurements.

The SGA was performed by a single trained
observer who was blinded for the biochemical results
of the patients. In brief. SGA is based on a history of
weight change. appetite, and gastrointestinal symp-
toms. and a physical examination of body fat and
muscles. The four-item 7-point system was used (6.7).
An SGA score of 6 — 7 indicates a well-nourished
individual (*A™): 3 — 5. a mildly-to-moderately mal-
nourished individual (“B™): and 1 — 2. a severely
malnourished individual (*C").

Height was measured. body dry weight was de-
termined, and BMI (kilograms per square meter) was
calculated. Underweight was defined as a BMI be-
low 18.5 kg/m’. overweight was defined as a BMI in
the range 25 — 30 kg/m’. and obesity was defined as
a BMI above 30 kg/m’.

Bernardo ef al.

Anthropometric measurements were made on bi-
ceps. triceps, and subscapular skinfold thickness by a
single observer, immediately after peritoneal dialysate
drainage. using a conventional Harpenden skinfold
caliper. Each measurement was repeated three times,
and the average result was registered. Mid-arm cir-
cumference (MAC) was also measured. and mid-arm
muscle circumference (MAMC) was calculated using
the formula

MAMC (mm) = MAC (mum) — 3.14
% Triceps Skinfold (mm). [1]

Body density was calculated based on the sum of
skinfold thickness values. using the equations of
Durnin and Womersley (8). Fat mass and lean body
mass were obtained from calculated body density and
body weight.

Nutrition status was also assessed by a NSS that
consisted of eight components: BMI, percentage of
ideal body weight (calculated according to Butheau
and Metropolitan Life Insurance Company formu-
las). triceps and subscapular skinfold thickness,
MAMC, serum albumin. total lymphocyte count. and
subjective physical examination. Skinfold measure-
ments and MAMC were compared with the 50th
percentile for the appropriate age and sex and are ex-
pressed as a percentage (9). Each component of the
NSS has a score from 3 (normal) to 6 (very severe).
Thus. a score of 28 or lower denotes a normal nutrition
status: higher scores are indicators of malnutrition
(mild, moderate, or severe) as described in Table L.

Laboratory investigations

A fasting venous blood sample was taken before the
morning exchange. Laboratory blood investigations in-
cluded hemoglobin: serum albumin and prealbumin:
transferrin: total. high-density lipoprotein (HDL). and
low-density lipoprotein cholesterol: triglycerides; ho-
mocysteine: and C-reactive protein (CRP). All bio-
chemical tests were performed in our hospital laboratory.

Dialysis adequacy, urea kinefics, and estimation of
dietary protein intake

Adequacy of dialysis was calculated from a 24-hour
urine and dialysate collection. Weekly Kt/V and
creafinine clearance (CCr) were determined using
standard methods (10). Residual glomerular filtra-
tion rate was calculated as the average of 24-hour
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TABLEI Nutrition status score, based on biochemical and anthropometric measurements
Normal Malnutrition
Measure nutrition Mild Moderate Severe

Body mass index (kg/m?) 218.5 17.5-18.4 16.5-17.4 =16.5
Percentage of 1deal body weight =90 80-89 60-79 =60
Triceps skinfold thickness (%)? =90 80-89 60-79 <60
Subscapular skinfold thickness (%)* =90 80-89 60-79 <60
Mid-arm muscle circumference (%)? =90 80-89 60-79 <60
Serum albumin (g/dL) =35 3.0-34 2.5-2.9 <2.5

Total lymphocyte count (n/pL) =1500 1200-1499 900-1199 =900
Physical exam (subjective) Normal Mild depletion Moderate depletion Severe depletion

Score 3 4 5 [
Overall score <28 29-32 33-35 =35

*  Measurements of triceps and subscapular skinfold thicknesses and of MAMC were compared with percentile 50 for the same

age and sex (9). The result was then expressed as a percentage.

urinary urea and CCr, as described elsewhere (11).
Peritoneal membrane transport was calculated from
a 4-hour peritoneal equilibration test (12).

Dietary protein intake was estimated from the
protein equivalent of nitrogen appearance (PNA).
using the PD Adequest software (Baxter Healthcare
Corporation. Deerfield. IL, U.S.A.). This PNA was
normalized for actual body weight to obtain the nPNA
(grams per kilogram of body weight in 24 hours).

Statistical analysis

Data are expressed as mean = standard deviation for
continuous variables (or as otherwise stated) and as
proportions for categorical variables. Normality of
data was assessed using the Kolmogorov—Smirnov
test. The independent Student f-test was used to
ascertain differences between groups. and because
CRP is not a normally-distributed variable, it was
analyzed based on log-transformed CRP values. For
categorical variables, differences were determined
using the chi-square test. Correlations between vari-
ables were established using Pearson correlation co-
efficient or the Spearman rank test for small groups.
A 0.05 level of significance was used in all statistical
analyses. which were conducted using SPSS. version
15.0 (SPSS. Chicago. IL, U.S.A.).

Results

The study enrolled and evaluated 57 PD patients
(20 men, 37 women: mean age: 49.5 = 14.9 years).
These patients had been on PD for 2.9 £ 2.7 vyears
(range: 0.2 — 17.4 years). with 28 of the patients
(49.1%) being treated with continuous ambulatory

PD (CAPD) and 29 (50.9%) being treated with auto-
mated PD (APD) using a cycler. Of these patients,
only 7 (12.3%) had diabetes.

The mean BMI in these patients was 24.9 £
4.1 kg/m?, with 26 (45.6%) being of normal weight.
25 (43.9%) being overweight, 4 (7%) being obese.
and only 2 (3.5%) being underweight. Anthropom-
etry results, classified according to sex and age.
ranged across all percentiles. Table II summarizes
the results. Analyzing the SGA. 40 patients (70.2%)
scored an overall “A.” indicating that they were well
nourished. The remaining 17 patients (29.8%) scored
an overall “B.” indicating that they were mildly-to-
moderately malnourished. No patient fell into the se-
verely malnourished “C™ category. According to the
NSS. only 4 patients were identified as mildly-to-
moderately malnourished.

No correlation was found for either the NSS or
the BMI with time on dialysis. Kt/V. residual renal
function. or peritoneal transport. Similar results
were obtained considering only patients with a BMI
of 25 kg/m’® or more.

Considering BMI classification. and after exclud-
ing the 2 underweight patients. we divided the 55 re-
maining subjects into a “normal weight” group (n =
26) and an “overweight™ group (patients with a BMI
of 25 kg/m? or more, n = 29). No significant differ-
ences were found between the two groups in relation
to age. PD duration, or PD modality. Table III shows
the comparisons between the groups.

Overweight patients had higher levels of serum
albumin (4.0 = 0.4 g/dL vs. 3.7 = 0.4 g/dL. p =
0.014). and were more frequently scored “A™ than
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TBED  Skmnfold thickness measurements
Percentile®
<5 5-15 16-25 26-50 50-75 =75
m (%) () (%) (m (%) m) (%) ) (%) m (%)
Triceps skinfold thickness 6 10.5 7 123 7 123 19 333 9 158 9 158
Mid-arm muscle circumference 7 12.3 4 7.3 6 10.5 14 24.6 13 228 13 2238

#  According to Frisancho (9).

melEm  Comparison of demographic, biochemical and dialysis parameters between normal weight and overweight peritoneal dialysis patients
Normal weight Overweight

Variable (n=26) (n=29) p Value*
Automated peritoneal dialysis (%) 538 483 0.89
Subjective global assessment score “A” (%) 53.8 89.7 0.007°
Age (years) 4522149 51.5214.1 0.56
Time on peritoneal dialysis (years) 2517 32+34 031
D/P creatinine (by 3.86% PET) 0.76x0.13 0.75+0.18 0.76
KtV 2.2+£0.96 2.3+£0.5 0.65
Residual renal function (mL/min/1.73 m?) 23+3.4 3.8+3.6 0.10
Serum albumin (g/dL) 3.7+0.4 4.0+0.4 0.014%
Daily nPCR (g/kg) 1.23£0.39 1.1620.0.29 0.46
Serum homocysteine (LLmol/L) 15.5%6.0 20.7£6.2 0.003®
C-Reactive protein (mg/L)° 0.23+0.78 0.33+1.72 0.352
Serum LDL cholesterol (mg/dL) 108.8£29.6 114.7=40.2 0.67
Serum HDL cholesterol (mg/dL) 52.5%15.5 45.6x14.4 0.09
Serum tmglycendes (mg/dL) 140.8+71.0 192.1+109.4 0.047%
Serum lipoprotein(a) (mg/dL) 75.0£74.4 80.2£78.6 0.80
LDL/HDL cholesterol 2.26x0.89 2.70x1.09 0.11
Total/HDL cholesterol 3.85%1.14 4.54+1.38 0.048%

Percentages compared by chi-square test; means compared by independent Student f-test.

b Significant.

¢ Expressed as a geometric mean.

D/P = dialysate-to-protein; nPCR = normalized protein catabolic rate; LDL = low-density lipoprotein; HDL = high-density lipoprotein.

were normal-weight patients (89.7% vs. 53.8%. p =
0.007). Serum homocysteine values were more elevated
in overweight patients (20.7 = 6.2 pmol/L vs. 15.5 +
6.0 pmol/L. p = 0.003). and we also found a higher
total cholesterol/HDL cholesterol ratio (4.54 = 1.38 vs.
3.85 £ 1.14, p = 0.048) and enhanced serum trig-
Iyceride levels (140.8 = 71.0 mg/dL vs. 192.1 +
109.4 mg/dL. p = 0.047) in that group. No signifi-
cant differences were found in CRP between the
normal-weight and overweight patients.

Discussion

Overweight was widely prevalent in our PD popu-
lation. and the incidence of malnutrition was very
small according to the subjective and objective meth-
ods used in this study.

It is widely accepted that many PD patients are
malnourished. This acceptance results from the be-
lief that low serum albumin concentrations reflect
poor nufrition status. However a number of non
mtrition factors—such as increased protein loss in
dialysate. chronic or repeated infections. inflamma-
tion. hypervolemia. acidemia. and suboptimal clear-
ance of uremic toxins—may contribute to low serum
albumin (13.14). Hypoalbuminemia does not there-
fore necessarily indicate malnufrition as commonly
assumed, which could eventually overestimate the
prevalence of malnutrition in PD patients.

The most accepted methods of assessment of
mufrition status in non renal patients are anthropo-
metric measurements. Triceps skinfold and MAMC
measurements are used to estimate fat mass and lean
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body mass respectively. Measurements below the
15th percentile are thought to indicate poor nutri-
tion status and reduced muscle mass. Most of our
patients (77.2%) had a triceps skinfold higher than
the 15th percentile. and a similar result was obtained
in MAMC (80.7%). These anthropometric results
corroborate the good nutrition status found in our
patients by SGA.

Because of co-morbidity in chronic renal patients.
the combination of objective and subjective para-
meters has been established as the best approach in
nutrition assessment (1). In the present study. we used
also a NSS based on biochemical and anthropomet-
ric parameters fo assess nutrition status in our PD
patients. This method produced a similar finding of
well-nourished patients.

Obesity has become a national epidemic. with
more than 65% of Americans currently above ideal
body weight. A recent study in Portugal (15) de-
scribes a comparable finding: 53.6% of the popula-
tion is overweight (BMI > 25 kg/m?). Modern
lifestyles encourage overconsumption of energy and
discourage expenditure of energy. Minor gaps (fewer
than 100 kcal daily) in the balance of energy con-
sumption and expenditure lead to a gradual but
steady weight gain (16).

Conventionally. obesity is defined as body fat in
excess of 25% in adult men and 35% in adult women.
In Caucasians, these body fat percentages correspond
to a BMI of 30 kg/m?; a BMI of 25 kg/m? corresponds
0 body fat percentages of 20% in men and 30% in
women. Accordingly. a BMI range of 25 — 29.9 kg/m?
is defined for overweight, and 30 kg/m? or more in-
dicates obesity. Considering these cutoffs, overweight
was widely prevalent in our sample. As in the gen-
eral population. and as reported in several other stud-
ies (17.18). the prevalence of obesity in PD patients
has risen dramatically since the mid-1980s.

We found no association for overweight with
demographic- or modality-related factors. nor with
fast transport status. This slightly surprising result
should turn our attention to the lifestyle of PD
patients. In our population, the rate of peritoneal
glucose absorption appears to play no role in deter-
mining obesity, suggesting that trends in the rate of
obesity are related more to a reduction in energy
expenditure than to an increase in caloric intake.
However. we did not differentiate between over-
weight and normal-weight patients concerning the
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use of glucose-sparing solutions. which can be a limi-
tation of our study. Nevertheless, overweight patients
exhibited better indices of nutrition than did normal-
weight patients with similar small-solute clearances.
A particularly curious finding is that the protein cata-
bolic rate (PCR). normalized to actual weight. al-
though higher in the overweight group. did not reach
a statistically significantly value. A possible expla-
nation is that normalization fo actual weight in obese
patients creates inappropriately low values for nutri-
tion indices, such as PCR, that are derived from urea
nitrogen. We suggest that normalization of those in-
dices by ideal weight would be preferable.

Several authors have reported an association be-
tween BMI and markers of inflammation and have
concluded that obesity is a proinflammatory state in
PD patients (19). We measured only CRP as an in-
flammatory marker, and we found no association be-
tween CRP and overweight. However, there are other
inflammatory markers more related to obesity (be-
cause they are released by the adipose tissue) that
were not measured in our study.

Finally. we documented a potential atherogenic
lipid profile in the overweight group. which can be a
risk factor for cardiovascular disease. We might be
concerned about our overweight pafients. given that
they have an average total/HDL cholesterol ratio that
is significantly higher than that in normal-weight
patients, although the effects of dyslipidemia in ure-
mic patients does not match the gloomy outcome of
such a metabolic profile in a nonuremic population.

Conclusions

We can conclude that the nutrition assessment data
obtained in this study underline the prevalence of
overweight in the PD population. This profile is dif-
ferent from that of hemodialysis patients if one con-
siders the high prevalence of reported malnutrition
in that group. Whether overweight is a protective
condition. associated with lower comorbidity and a
lower metabolic rate, or whether it instead represents
a clinical menace deserves further investigation.
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Short Summary (manuscript V.IV.1)

As in general population, overweight is widely prevalent in peritoneal dialysis patients. Being
a risk factor for cardiovascular disease in general population, the clinical impacts of obesity
and overweight are uncertain in peritoneal dialysis patients. Also, adipokines impact on clinical
outcomes is not adequately addressed in peritoneal dialysis patients, as previous studies have

not taken into account important specificities of body composition of this particular population.

We aimed to investigate the impact of leptin/adiponectin ratio (LAR) as a predictor of
cardiovascular events in PD, taking into consideration patient’s body composition and the
potential role of glucose load. We prospectively followed 66 patients for 47.0+£28.2 months.
New cardiovascular events were evaluated and body composition parameters were assessed

by bioimpedance analysis.

With this clinical investigation, we were able to document that body mass index is an inaccurate
method to classify obesity in PD, since it underestimates its prevalence, compared with body
composition assessment using bioimpedance analysis. We confirmed our previous
observation that obesity is widely prevalent in contemporary PD patients, being present in
73.4% of our population. Fat tissue index was higher in patients with cardiovascular events,

but body composition parameters related with lean mass were similar between the two groups.
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A link between obesity and new cardiovascular events was also documented, since the
percentage of patients with obesity was significantly higher in patients who suffered new
cardiovascular events compared with patients without new cardiovascular events (93.8%
versus 66.7%, P=0.029). We also were able to document that LAR is determined by relative
fat mass and lean tissue index, so that a higher leptin/adiponectin ratio is only significantly

associated with cardiovascular events in peritoneal dialysis patients without protein-wasting.
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Adipokines in Peritoneal Dialysis: Relevant Clinical Impact
According to Body Composition
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Maria Jodo Carvalho,! Anténio Cabrita,! and Anabela Rodrigues'?
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and *UMIB/ICBAS/Porto University, Oporto, Portugal

Abstract: Adipokines impact on clinical outcomes is not
adequately addressed in peritoneal dialysis (PD). We inves-
tigated the impact of leptin/adiponectin ratio (L/A) as a
predictor of cardiovascular events (CVE) in PD, taking
into consideration patient’s body composition and the
potential role of glucose load. We prospectively followed 66
prevalent PD patients for 47.0 +28.2 months. New CVE
were evaluated. Lean tissue index (LTI). relative fat
mass (relFM) and relative overhydration (relOH) using
multifrequency bioimpedance (BCM) were assessed;
serum lipids, interleukin-6 (IL-6), leptin and adiponectin
were measured. We established the determinants of L/A
using multiple linear regression and the impact of L/A on
CVE. Obesity was present in 47 (73.4%) patients according
to relFM, and in seven (10.6%) according to body mass
index (BMI). Leptin and L/A exhibited a stronger correla-
tion with relFM (both r = 0.62. P < 0.0001) than with BMI
(r=0.46 and r=0.51, respectively, both P <0.0001). L/A
showed a significant correlation with triglycerides (r = 0.41,

P =0.001) and HDL-cholesterol (r=-0.358, P =0.003),
better than isolated leptin or adiponectin. RelFM
(RR =0.130, 95%confidence interval [CI]:0.086-0.174,
P<0.0001) and LTI (RR=0.194, 95%CI:0.037-0.351,
P =0.016) were independent predictors of L/A (R* = 0.67).
Patients who suffered new CVE were older (59.12 £ 1241
vs. 47.52 £ 13.84years, P = 0.003) and had a higher relOH
(11.28 £7.29 vs. 6.60 £ 8.16%. P =0.028). L/A was signifi-
cantly higher in patients with CVE[2.29 (1.79) vs. 0.65
(1.73), P=0.028] but this association was only put on
evidence after excluding patients with wasting. BMI is an
inaccurate method to classify obesity in PD since it under-
estimates its prevalence compared with body composition
assessment using BCM. High adiponectin and low leptin
are associated with a more favorable metabolic risk profile
in PD. The L/A is determined by relFM and by LTI. A
higher L/A is associated with CVE in PD patients without
wasting. Key Words: Adipokines, Cardiovascular
disease, Obesity, Peritoneal dialysis.

As in the general population (1,2), overweight is
widely prevalent in peritoneal dialysis (PD) patients
(3-5). Being a risk factor for cardiovascular disease
(CVD) and death in general population (6), the clini-
cal impacts of obesity and overweight are uncertain
in PD patients (7-9). These conflicting results are
partially explained by the use of body mass index
(BMI) to characterize obesity. BMI is imprecise,
since it does not distinguish lean body mass, fat mass
and extracellular water. This characterization, being
important in the general population, is even more
crucial in chronic kidney disease (CKD) since those

Received April 2014; revised May 2014,

Address correspondence and reprint requests to Dr Ana Paula
Bernardo, MD, Largo Prof., Abel Salazar, 4099-001 Porto, Portugal.
Email: anabernardo@portugalmail.pt

patients can present simultaneous changes in nutri-
tional status, body fat content and hydration status
(10) that have different impacts on outcome.
Adipose tissue is now recognized as a new endo-
crine organ, since biologically active molecules
secreted by adipocytes, like leptin and adiponectin,
are important determinants of inflammation, athero-
sclerosis and insulin-resistance (11,12). Although in
the general population, high plasma leptin and low
plasma adiponectin have been demonstrated to be
risk factors for CVD (13-15),in CKD patients, similar
evidence is less clear, as there are contradictory results
about the impact of adiponectin and leptin on cardio-
vascular outcomes (16-21). These opposing results
could be partially explained by differences in nutri-
tional status and body composition of the studied
populations that were not taken into consideration.
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Leptin and adiponectin have opposite effects on
the cardiovascular system and, in line with this view,
two recent studies, in obese and type 2 diabetic
patients without CKD, have established that leptin/
adiponectin ratio (L/A) correlates better with pulse
wave velocity and carotid intima-media thickness
than plasma leptin and adiponectin alone (22,23).
This preliminary observation suggests that L/A is a
new atherogenic index, and that patients with a
higher ratio could be prone to developing cardiovas-
cular events. To our knowledge. only one study
demonstrated an association between L/A and mor-
tality in a group of non-diabetic PD patients (24).
However, this study was unable to assess the patient’s
body composition and it did not address the potential
role of glucose load and peritoneal membrane trans-
port characteristics on adipokines profile. Low
plasma leptin and high plasma adiponectin can
both reflect a protein wasting condition (21.25), a
diagnosis that cannot be ruled out with a simple
BMI measurement, and which itself impacts patient
outcome. In order to determine the impact of
adipokines on CKD patient’s clinical outcomes,
studies must give detailed information about
patient’s body composition.

With the purpose to overcome this knowledge limi-
tation, we performed a prospective study to investi-
gate the impact of L/A as a predictor of cardiovascular
events in PD patients, taking into consideration the
nutritional status and body composition. We charac-
terized body composition using multifrequency
bioimpedance (BCM, Fresenius Medical Care, Bad
Homburg, Germany) and we further explored the
potential role of glucose load and peritoneal mem-
brane small solute transport status on adipokines and
obesity profile.

PATIENTS AND METHODS

Patients

This prospective observational study enrolled 66
PD patients attending the Centro Hospitalar do
Porto—Peritoneal Dialysis Unit. All patients were
treated with low glucose degradation product solu-
tions. As a standard, only 1.36% and 2.27% glucose
solutions were used. Hypertonic exchanges were
used only by exception and for a short period of time.

All patients provided informed consent and the
study had been approved by Centro Hospitalar do
Porto Ethics Committee.

Study design
Patients were prospectively followed from Decem-

ber 2008 until death, renal transplantation, transfer to

© 2014 The Authors
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hemodialysis, or end of study (July 2013). Mean
follow-up time was 47.0 + 28.2 months. The primary
endpoint was cardiovascular event. Transient
ischemic attack and stroke were considered as cer-
ebrovascular events. Coronary artery event was diag-
nosed when the patient had a myocardial infarction
or an unstable angina episode. Peripheral artery
disease was diagnosed in the presence of acute limb
ischemia, major arterial thrombotic episode, or in
the presence of intermittent claudication and signifi-
cant arterial stenosis on angiography. Sudden death,
in a patient with previously known coronary artery
disease, was also considered as a cardiovascular
event.

Laboratory measurements

Fasting venous blood samples were obtained at 9
am during a peritoneal equilibration test (PET). The
preceding overnight dwell was standardized to 1.36%
glucose solution.

Serum was allowed to clot at room temperature
and then was separated from cells within 60 min and
stored at —70°C until analysis for adiponectin, leptin
and interleukin-6 (IL-6). Serum total cholesterol.
high-density lipoprotein (HDL) cholesterol and
triglycerides were measured with an autoanalyzer
(COBAS Integra 800, Roche Diagnostics GmbH,
Berlin, Germany).

Plasma leptin and adiponectin were measured
using  enzyme-linked immunosorbent  assays
(Mediagnost, Reutlingen, Germany). IL-6 was meas-
ured using enzyme-linked immunosorbent assay
(Diasource, Louvain-La-Neuve, Belgium).

Dialysis adequacy, urea kinetics, peritoneal glucose
absorption and estimation of dietary protein intake

Adequacy of dialysis was calculated from a 24-h
urine and dialysate collection. Weekly Kt/V was
determined using standard methods (26). Residual
glomerular filtration rate was calculated as the
average of 24-h urinary urea and creatinine as
described elsewhere (27).

Small solute peritoneal membrane transport was
calculated from a 4-h, 3.86% glucose peritoneal equi-
libration test, according to the two-in-one protocol
(28).

Glucose drained during 24 h was measured. Peri-
toneal glucose absorption was calculated by subtract-
ing the 24-h drained glucose from the total glucose
influx by the dialysate.

Dietary protein intake was estimated from protein
catabolic rate and normalized to actual body weight
(nPCR) using the PD Adequest software (Baxter
Healthcare Corporation, Deerfield, IL, USA).

Ther Apher Dial, Vol 19, No. 2, 2015
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Body composition assessment

We performed multifrequency whole body
bioimpedance assessment using Body Composition
Monitor (BCM, Fresenius Medical Care, Bad
Homburg, Germany). The bioimpedance method
applied was validated by isotope dilution methods
(29), by accepted reference body composition
methods (30,31) and by extensive clinical assessment
of the hydration state (32). Only measurements
achieving simultaneously high quality (> 90%) and
lower error percentage (<35%) were considered
valid. According to this we were able to analyze body
composition parameters from 64 patients.

Due to biophysical reasons, bio-impedance spec-
troscopy does not measure sequestered fluid in the
trunk (33), therefore presence or absence of PD fluid
in the abdomen does not influence the reading of
hydration status (34,35) nor influence body composi-
tion parameters related with nutritional status (36).
BCM assessments were done with a full abdomen
during the PET procedure. We assessed lean tissue
index (LTT), fat tissue index (FTI), relative lean tissue
mass (relLTM), relative fat mass (relFM), body cell
mass (BCM), and relative over hydration (relOH).

Women with relative fat mass above 30% and men
with relative fat mass above 25% were considered
obese (37).

The values for LTI were compared to an age and
gender-matched reference population and according
to this, patients with LTT inferior to the 10th percen-
tile were considered to have protein wasting (38).

Statistical analysis

Distribution of continuous variables was tested by
Kolmogorov—Smirnov test. Data with normal distri-
bution are expressed as mean £ standard deviation.
Asymmetrically distributed data are reported as
medians and interquartile ranges.

Pearson’s and Spearman’s correlation analyses
were used, as appropriate, to assess a linear correla-
tion between adipokines and leptin/adiponectin ratio
with several metabolic, inflammatory and body com-
position parameters.

Continuous variables were compared between
groups using Student’s r-test, or Mann—Whitney test
as appropriate. The %* test was used for categorical
variables. Comparison between overweight/obese
and normal weight patients, according to BMI, was
performed after excluding two underweight patients.

Multivariate analysis was done to identify inde-
pendent predictors of L/A, considering the significant
associated variables recognized by bivariate analysis.
The L/A was natural log-transformed due to skewed
distribution of L/A ratio.

Ther Apher Dial, Vol 19, Ne. 2, 2015

Values of P < 0.05 were considered statistically sig-
nificant. Statistical analyses were performed using
the SPSS software application (version 21.0: SPSS,
Chicago. IL, USA) for Windows.

RESULTS

Baseline characteristics of the study population

Table 1 lists baseline patient characteristics. Mean
residual renal function was 4.51 £4.53 mL/min per
1.73 m? and 14 patients (21.2%) were anuric.

Mean D/Pereatinine was 0.75£0.10 and 13 patients
(19.7%) were categorized as fast transporters (28).
Mean BMI was 25.36 + 4.44 kg/m? and mean relative
fat mass was 31.9+ 10.9% (28.9 £ 10.52% in men and
34.83 £10.67% in women).

The association of adipokines and L/A ratio with
metabolic, inflammatory and body composition
parameters

Leptin/adiponectin ratio showed a significant cor-
relation with triglycerides (r=0.41, P=0.001) and
HDL cholesterol (r=-0358, P =0.003), better than
leptin or adiponectin isolated (Fig. 1).

Leptin and L/A exhibited a stronger correlation
with FTT (r=0.67 and r=0.66, respectively. both

TABLE 1. Baseline characteristics of the study patients

Mean = SD
Variable Median (Range)*
Gender (men/women) 34/32
Age (years) S0£14
Diabetics [n (%)) 12 (18.2%)
Time on PD (months) 7.5 (119.8)*

APDI/CAPD 35/31

Glucose load (g/day) 147£77
Glucose absorbed (g/day) 545286
D/Pereatinine 0.75+£0.10
RRF (mL/min per 1.73 m%) 45£45
Weekly KUV urea 24+0.8
nPCR (g/kg) 112 £033
IL-6 (pg/mL) 24 (258)*
Leptin (ng/mL) 17 (172)*
Adiponectin (ug/mL) 17.5+76
BMI (kg/m?) 25444
relOH (%) TE£83
LTI (kg/m?) 134£3.1
FTT (kg/m?) 11.3£52
rellLTM (%) 544£152
relFM (%) 31.9+£109

Values are expressed as frequencies for categorical variables, and
as mean + standard deviation or median and range for continuous
variables. APD, automated peritoneal dialysis; BMIL, body mass
index; CAPD, continuous ambulatory peritoneal dialysis; FTT, fat
tissue index: LTI, lean tissue index: nPCR, normalized protein
catabolic rate; relFM, relative fat mass; relLTM, relative lean tissue
mass; relOH, relative overhydration: RRF. residual renal function.
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TABLE 2. Comparison between overweight/obese and normal weight patients according to body mass index (BMI) and
comparison between obese and non-obese patients according to relative fat mass (relFM)

BMI (kg/m?) relFM (%)
=185 kg/m? <25% (men) 225% (men)
<25 kg/m® 225 kg/m* <30% (women) >30%(women)
(n=30) (n=34) P (n=17) (n=47) P

Ape (years) 48+ 14 54+14 0.128 43+13 52+14 0.029°
Time on PD (months) 6.8 (31.5) 8.7(15.6) 0.856 82 (30.4) 6.8 (16.8) 0.820
RRF (mL/min per 1.73 m*) 37+36 59+52 0.110 39+37 48+49 0.627
KtV 2.5+0.6 23+09 0.473 24006 2409 0.558
D/Pcreatinine 0.75£0.1 0.75£0.1 0.956 07501 0.75£0.1 0.828
nPCR (g/kg) 1.17£0.29 1.10+£0.4 0.521 1.26 £0.3 1.08+04 0.028°
Glucose absorbed (g/day) 55+£23 52+£33 0.627 60£22 53431 0.082
Triglycerides (mg/dL) 148 (94) 152 (141) 0439 118 (49) 196 (120) 0.001°
HDL cholesterol (mg/dL) 48£16 38£10 0.0032 49+14 41+13 0.019°
Leptin (ng/mL) 12,6 (21.1) 38.0(55.2) 0.007* 5.9 (10.5) 28.7(53.9) <0.0001"
Adiponectin (ug/mL) 19.6£74 15.8+£7.7 0.047¢ 201 £61 163+£78 0.035"
L/A ratio 059 (1.67) 2.04 (6.97) 0.003* 0.35 (0.58) 1.96 (4.82) <0.0001"
IL 6 (pg/mL) 20.4 (14.6) 25.0(17.5) 0117 162 (16.3) 26.1 (16.5) 0.026°
LIT (kg/m?)' 13.2£3.0 13.5+£32 0.745 160+£34 1244125 <0.0001°
FTI (kg/m?)’ 9.0£34 14.0£5.0 <0.0001* 5.38+£2.49 13.4+41 <0.0001°
BCM (kg) 199+72 21.0+7.7 0.569 2594 £ 838 18.6+58 0.001*
RelOH (%)’ 6.6x8.2 9.0£8.5 0.266 5.84 £7.61 8.5£8S5 0.199
Cardiovascular events 6/30 (20%) 1034 (29.4%) 0.564 1117 (5.9%) 15/47 (31.9%) 0.048°

Values are expressed as mean +standard deviation or median and interquartile range for continuous variables, and frequencies and
percentages for categorical variables. BCM. body cell mass; BMI, body mass index; FT1. fat tissue index; LTI, lean tissue index; nPCR, protein
catabolic rate; relFM. relative fat mass; relOH, relative overhydration: RRF, residual renal function. 'Only patients with BCM measurements
achieving simultaneously high quality (>90%) and lower error percentage (<35%) were considered. *P < 0.05 comparisons between over-
weight and normal weight patients according to body mass index using the ¢ test if data were parametric and the Mann-Whitney U-test if
nonparametric. * P< 0.05 comparisons between obese and non-obese patients according to relative fat mass (relFM) using the Mann—

Whitney U-test and x° test, as appropriate.

P <0.0001) and relative fat mass (both r=0.62,
P <0.0001) than with BMI (r=0.46 and r=0.51,
respectively, both P < 0.0001) (Fig. 1).

Adiponectin was negatively correlated with FTI
(r=-027, P=0.034), and although not statistically
significant there was a negative trend between
adiponectin and BCM (r = -0.143), a body composi-
tion parameter that is mostly related with protein
wasting.

We did not find any correlation between leptin/
adiponectin ratio and other variables such as age, time
on dialysis or with parameters of dialysis adequacy.

Adipokines, metabolic and inflammatory
parameters comparison according to BMI and
relative fat mass

According to BMI, two patients (3.0%) were clas-
sified as underweight (BMI < 18.5 kg/m?), 30 patients
(45.5%) were normal weight (18.5 kg/m*<BMI <
25 kg/m?), 27 patients (40.9%) were considered
overweight (25 kg/m?< BMI <30 kg/m®) and seven
patients (10.6%) were obese (BMIz 30 kg/m?).
Together, overweight and obesity were present in 34
(51.5%) patients.

Ther Apher Dial, Vol. 19, No. 2, 2015

Concerning relative fat mass (relFM), 47 patients
(73.4%) were considered to be obese (24 women with
relFM >30% and 23 men with relFM > 25%).

Time on PD, RRFE Kt/V, glucose absorption and
D/Pereapinine Were not different, both in overweight/
obese and normal weight groups (according to BMI),
and obese and non-obese groups (according to
relFM) (Table 2).

The difference between adiponectin, leptin and
L/A was more significant when patients were com-
pared according to relFM than according to BMI
(Table 2).

Although IL-6 did not differ significantly between
patients categorized according with BMI, IL-6 was
significantly higher in obese than in non-obese
patients characterized according to relFM [26.07
(16.50) pg/mL vs. 16.23 (16.28) pg/mL, P = 0.026].

We did not find any association between a fast
transporter status and obesity, neither in patients
with less than one year in PD, nor in long term
patients.

There were no significant differences in the per-
centage of patients who presented a cardiovascular
event, between overweight/obese and normal weight
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TABLE 3. Predictors of leptinfadiponectin ratio (In)
using multivariable linear regression

Regression
coefficient 95% CI P
RelFM (%) 0.130 0.086-0.174 <0.001
LTI (kg/m?) 0.194 0.037-0.351 0016
Glucose absorption —0.004 —0.014-0.007 0.501
(g/day)

In, natural log-transformed. CI, confidence interval; R = 0.67.
LTI lean tissue index: RelFM, relative fat mass.

patients, compared according to BMI (29.4% vs.
20.0%, P = 0.564). However, the percentage of obese
patients, according to relFM, who presented a cardio-
vascular event was significantly higher compared
with non-obese patients (31.9% vs. 5.9%, P = 0.048).

Determinants of leptin/adiponectin ratio

In a multivariate linear regression model adjusted
for peritoneal glucose absorption, relFM and LTI
were independent predictors of L/A (Table 3). This
model explained 67% of the variability of L/A, and
after including these three variables, no other con-
tributed significantly to explain the L/A variability,
namely relative over hydration, triglycerides and
HDL cholesterol.

L/A ratio and clinical outcomes

During the follow-up period, 16 patients (24.2%)
suffered cardiovascular events: 12 patients had one
cardiovascular event and four patients presented two
cardiovascular events. Cerebrovascular events were
the most common (seven strokes and two transient
ischemic attack) followed by coronary artery disease
(three myocardial infarction, one unstable angina
and two sudden deaths in patients with previously
known coronary artery disease) and peripheral
artery disease (one patient with mesenteric infarc-
tion, one patient with acute limb ischemia and three
patients with intermittent claudication and significant
arterial stenosis on angiography).

Patients who presented a cardiovascular event,
during the follow-up period, were older
(5912 £12.41 vs. 47.52 £ 13.84 years, P =0.003) and
had a higher relOH percentage (11.28+7.29 vs.
6.60 = 8.16%, P =0.028) measured by bioimpedance.
Time on PD, RRE Kt/V, D/P¢eatinine, nPCR, intraperi-
toneal glucose absorbed, triglycerides, HDL choles-
terol, IL-6, adiponectin, leptin and L/A were not
significantly different between the two groups
(Table 4).

Lean tissue index and BCM were not significantly
different between patients with and without cardio-
vascular events, and the percentage of patients with

TABLE 4. Comparison between patients with and without cardiovascular events (CVE)

All patients included (n = 66)

Excluding patients with protein wasting
according to bioimpedance (n = 40)

CVE No CVE CVE No CVE

n=16 n=>50 P n=9 n=31 P
Age (years) 59£12 4814 0.003* 61 +10.84 47+14 0.013°
Time on PD (months) 14.3 (40.9) 6.5 (15.6) 0.077 11.7 (37.3) 8.2(20.7) 0.199
RRF (mL/min per 1.73 m?) 41+34 47+49 0.989 50+45 45+34 0.606
KtV 2407 2309 0.636 23408 25+0.9 0.740
D/Prestinine 0.74 £0.09 0.75+0.10 0.831 0.75+£0.07 0.75 £0.09 0.935
nPCR (g/kg) 1.09 £0.43 114029 0411 1.19+0.59 1.23£027 0.705
Glucose absorbed (g/day) 60.39 £30.04 52.66 +28.21 0411 69.96 +32.52 51.84 £2439 0.199
Triglycerides (mg/dL) 174 (109) 175 (130) 0.643 149 (111) 147 (163) 0.588
HDL cholesterol (mg/dL) 42+£17 43£13 0.691 47+21 44 +£15 0.849
Leptin (ng/mL) 39.6 (47.5) 13.5 (56.7) 0.077 46.8 (20.7) 11.5 (30.5) 0.099
Adiponectin (ug/mL) 159+7.3 181+7.8 0.323 152+83 185+7.6 0.276
L/A ratio 2.1(2.6) 0.7 (4.1) 0.070 2.29(1.79) 0.65 (1.73) 0.028"
IL-6 (pg/mL) 24.7 (11.6) 23.8 (18.3) 0.510 229(16.9) 21.6 (18.8) 0.483
LTT (kg/m?) 126 +3.5 13.6+2.9 0.251 148+29 145+29 0.503
FTT (kg/m?) 129+38 10.8 +£5.5 0.054 11.9+43 89+39 0.064
BCM (kg) 189+73 211+73 0.245 233+6.7 25+78 0.656
RelOH (%) 11.3+£7.3 6.6+82 0.028* 10.2+5.6 53+84 0.069

Values are expressed as mean +standard deviation or median and interquartile range for continuous variables, and frequencies and
percentages for categorical variables. BCM, body cell mass: BMI, body mass index: FT1. fat tissue index: LT1. lean tissue index; nPCR., protein
catabolic rate; relOH, relative overhydration; RRF, residual renal function. *P < 0.05 comparison between patients with and without
cardiovascular events using the Mann-Whitney U-test and }° test, as appropriate. "P < 0.05 patients without protein wasting according to
bioimpedance: comparison between patients with and without cardiovascular events using the Mann-Whitney U-lest and j° test, as

appropriate.
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an LTI value inferior to the reference range lower
limit was similar between the two groups (43.8% vs.
35.4%, P =0.565). Cox univariate analysis for cardio-
vascular events showed that LTI (used either as a
categorical variable or as a continuous variable) was
not a significant risk factor for cardiovascular events
(Exp(B)=0.974, 95% confidence interval (CI)
[0.338-2.805], P=0.961 and Exp(B) = 1.098,95% CI
[0.932-1.294], P =10.263, respectively). Moreover,
in a multivariate Cox analysis, LTI was not a predic-
tor of cardiovascular events after adjustments for
adipokines profile (Exp(B) = 1.131, 95% CI [0.385-
3.321], P=0.822).

Fat tissue index was slightly higher in patients
with cardiovascular events (12.91 £3.81 vs. 10.75
546 kg/m*, P =0.054). The percentage of obese
patients according to relFM was significantly higher
among patients with cardiovascular events (93.8% vs.
66.7%, P =0.029).

Taking into account that malnutrition can be a con-
founding variable, and was not a high-risk factor for
cardiovascular events in our population, we per-
formed a second analysis excluding 24 patients who
exhibited a LTI value inferior to the reference range
lower limit (Table 4). Patients with cardiovascular
events were significantly older (60.67 £10.84 vs.
4742+ 13.60 years, P=0.013) and had significantly
higher L/A than patients free of events [2.29 (1.79) vs.
0.65 (1.73), P = 0.028]. An association of the L/A ratio
with cardiovascular events was also documented as a
clinically relevant trend in Cox regression model
analysis (Exp(B)=6.819, 95% CI [0.837-55.558].
P=0.07). Although not statistically significant,
patients with events had also higher FTT (11.94 £4.26
vs. 8.85£395kg/m?) and higher prevalence of
obesity defined according to relFM (88.9% vs. 54.8%.,
P =0.067).

DISCUSSION

To our knowledge this is the first study to report
the impact of adipokines on PD patient’s outcome
taking into consideration protein wasting and volume
overload status by measuring lean mass and extra-
cellular volume, with multifrequency bioimpedance.
It highlights that nutritional parameters confound
the clinical impact of adipokines profile. At the
same time, this study brings some light into the con-
flicting results about obesity impact on PD patient
outcomes.

According to BMI, 40.9% of our patients were
overweight and 10.6% were obese. These results are
in line with ours (3), and other (4,5) reports that state
overweight as widely prevalent in PD patients,

Ther Apher Dial, Vol. 19, No. 2, 2015

according to BMI classification. However, it is recog-
nized that BMI does not differentiate lean mass, fat
mass and extracellular water, and it is known that PD
patients (while maintaining BMI) can present simul-
taneous changes in nutritional status, body fat
content and hydration status (10), that differently
impact on outcome. For that reason, studies per-
formed in order to predict the impact of obesity or
adipokines profile on patient outcomes have to fully
assess patient’s body composition.

In our study corporal composition was character-
ized using a multifrequency bioimpedance device
that has recently been validated for use in everyday
clinical practice (29-32). Although some recent
studies using the BCM address the hydration status
and volume overload issues in PD (39), there is
scarce information about protein wasting and
obesity characterized by body composition analysis
techniques in adult PD patients. Using a single tool
we were able to characterize both patient’s body
composition and hydration status. We defined
obesity based on the most recent 2009 guidelines
from the American Society of Bariatric Physicians
(37). Using multifrequency bioimpedance to assess
relative fat mass, we were able to show that obesity
prevalence is even higher in PD patients than when
using BMI classification, since it was present in
73.4% of our sample. A recent study has demon-
strated, in the general population, that BMI is an
inaccurate obesity classification method when com-
pared with Dual X-ray absorptiometry measure-
ment of relative body fat (40). Using a clinically
applicable “bedside” validated method to character-
ize relative fat mass, we are able to demonstrate for
the first time that BMI clearly underestimates
obesity prevalence in PD patients.

Adipose tissue is increasingly recognized as an
active endocrine organ and numerous adipokines
have been implicated in the pathogenesis of chronic
inflammation and insulin resistance associated with
obesity (11,12). In CKD patients, adipokines accumu-
late in plasma, mainly because of residual renal func-
tion loss (41,42). However, fat mass is still an
important determinant of leptin and adiponectin in
CKD patients (41,42). In fact, we observed that both
leptin and adiponectin were, respectively, positively
and negatively correlated with FTI. Adipokines
are also involved in the regulation of lipid and
carbohydrate metabolism. As in other studies (17,43),
our study evidenced significant correlations with lipid
parameters. Beyond the more favorable metabolic
risk profile associated with hyperadiponectinemia
and the dismal metabolic profile associated with
hyperleptinemia, these adipokines have also direct

© 2014 The Authors
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opposite effects on cardiovascular system (11,12).
In vitro and animal studies evidenced that leptin has
different atherogenic properties and that adiponec-
tin is an insulin-sensitizing, anti-inflammatory and
anti-atherogenic adipokine (11,12). Given these dif-
ferent actions, plasma leptin levels were indepen-
dently linked with myocardial infarction and stroke
(13,14), and hypoadiponectinemia has been found
to predict the development of type 2 diabetes (44)
and coronary artery disease (15) in the general
population.

Few studies performed on CKD patients have
addressed the adipokines impact on outcome with
conflicting results (16-21,24) and to our knowledge,
only two have studied specifically PD patients
(19.24). None of the studies have considered the
nutritional and hydration status of the patients, which
could explain the contradictory results obtained,
since high adiponectin and low leptin can both reflect
wasting, and overhydration can alter the normal
regulation of adiponectin (45).

We found that cardiovascular events occurred more
often in older and over-hydrated patients, which was
expected (46). But the relevant input from our study
was to document a significant increase of FTI and
higher L/A in patients with cardiovascular events.
However, such results were only put in evidence after
excluding patients with protein wasting, since protein
wasting can be a confounding variable that affects
adipokines production. In fact, our study documented
that both relFM and LTI were independent predictors
of L/A, adjusting for peritoneal glucose absorption.
Our results demonstrate that obesity,characterized by
a higher relFM is associated with higher serum leptin
and lower serum adiponectin and this will lead to a
higher L/A. The opposite situation of protein malnu-
trition characterized by a reduced LTI is simulta-
neously associated with lower serum leptin and higher
serum adiponectin and this will translate into a lower
L/A. Given the clear biological evidence that leptin
and adiponectin have opposite effects on the cardio-
vascular system, it has been postulated that a higher
L/A could signal an imbalance between a pro-
atherogenic and an anti-atherogenic molecule and
those patients would be prone to cardiovascular
events (22,23). Our patients who developed cardio-
vascular events had a higher L/A compared with
patients free of events, but contrary to Park et al. (24)
we did not obtain a statistically significant difference.
The point is that both low leptin and high adiponectin
can reflect protein wasting, therefore it was only after
excluding from our analysis patients who exhibited an
LTI value inferior to the lower reference range limit,
that the significant association between L/A and CV

@© 2014 The Authors
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events was confirmed. Our results suggest that L/A
can be used as an atherogenic index in PD patients
without wasting.

Because new evidence also suggests that elevated
circulating adiponectin levels mirror a state of
volume overload (45), we also analyzed the relOH in
patients categorized according to adiponectin levels,
but we did not find any statistically significant differ-
ence (data not shown).

We have also explored the potential role of perito-
neal glucose absorption and fast transport status on
obesity and adipokines profile. As in other studies
(447) we were unable to prove an association
between peritoneal glucose absorption and body fat
mass increase, since peritoneal glucose absorbed did
not significantly differ between non-obese and obese
patients. Although appealing, we also did not find any
association between a fast transporter status and
obesity, neither in patients with less than one year in
PD, nor in long term patients.

Although the small events number may have
limited the power of the statistical analysis to identify
independent risk factors for cardiovascular events,
our study has several strengths. Knowing that wasting
and volume overload can influence leptin and
adiponectin plasma values, we were the first group to
report the impact of adipokines on PD patient’s
outcome taking into consideration body composition
parameters. We also explored the potential role of
peritoneal glucose absorption and fast transport
status on adipokines profile, an issue that was not
addressed by any other group until now.

Although plasma leptin and adiponectin were
measured one single time, these measurements have
shown a high degree of reproducibility (48), suggest-
ing that one single measurement may be sufficient for
risk assessment.

CONCLUSIONS

Our study demonstrates that body mass index
underestimates the prevalence of overweight/obesity
compared with body composition assessment using
multifrequency bioimpedance. High serum adipo-
nectin and low leptin are associated with a more
favorable metabolic risk profile in peritoneal dialysis.
The leptin/adiponectin ratio is independently pre-
dicted by relative fat mass and lean tissue index, there-
fore, to evaluate the clinical impact of adipokines,
details on body composition and the confounding
protein wasting effect should be taken into account. A
higher L/A is associated with cardiovascular events
and can represent a new atherogenic index in PD
patients without wasting.
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V — Results

Short Summary (manuscript V.IV.II)

Insulin resistance has been associated with cardiovascular disease, the major cause of death
in peritoneal dialysis patients. However, few studies have addressed the impact of fast
transport status, dialysis prescription and nutritional status on insulin resistance development

in peritoneal dialysis patients.

With this clinical investigation, we aimed to test whether insulin resistance is associated with

obesity parameters, peritoneal transport rate and peritoneal glucose absorption.

We evaluated all the 51 non-diabetic patients currently treated in our Unit. Insulin resistance
was evaluated with homeostasis model assessment method (HOMA-IR), HOMA correct by
adiponectin (HOMA-AD) and with leptin/adiponectin ratio (LAR). Daily peritoneal glucose
absorption was measured, and body composition parameters were assessed using

bioimpedance analysis.

We found significant correlations between the several insulin resistance indices and body
composition parameters related with fat mass in obese patients, but not in non-obese group.
We didn’t found any association between insulin resistance indices and small-solute transport
status, neither with peritoneal glucose absorption. An insulin resistant state was documented
in 18 patients (35.3%), who presented a significant higher prevalence of obesity (84.6% versus
47.8%, P=0.04), but similar prevalence of protein-wasting (38.5% versus 13%, P=0.11). There
were no significant differences in peritoneal glucose absorption, body composition parameters
and insulin resistance indices between fast transporters and patients who present others
peritoneal small-solute transport categories. Fat tissue index and leptin/adiponectin ratio were
independent predictors of HOMA-IR, in a multivariate analysis adjusted for glucose absorption

and small-solute transport (r=0.82, P<0.001).

In this clinical investigation, we were able to clarify that insulin resistance in non-diabetic
peritoneal dialysis patients is associated with obesity and leptin/adiponectin ratio,
independently of glucose absorption and small-solute transport status. Fast transporters,

under updated therapy regimens, have no higher risk of obesity or insulin resistance.

In practice, the two studies presented in chapter V.1V, put in evidence that the concept of
reversal epidemiology that was found in several hemodialysis populations may not be applied

to PD patients. As in general population, in patients under peritoneal dialysis, obesity is related
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with insulin resistance, and patients with insulin resistance, namely with higher

leptin/adiponectin ratio, are more prone to suffer from cardiovascular events.
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Article

Insulin Resistance in Nondiabetic Peritoneal Dialysis
Patients: Associations with Body Composition,
Peritoneal Transport, and Peritoneal Glucose
Absorption

Ana Paula Bernardo,*" Jose C. Oliveira,* Olivia Santos,* Maria J. Carvalho,* Antonio Cabrita,* and Anabela Rodrigues wt

Abstract

Background and objectives Insulin resistance has been associated with cardiovascular disease in peritoneal
dialysis patients. Few studies have addressed the impactof fast transport status or dialysis prescription on insulin
resistance. The aim of this study was to test whether insulin resistance is associated with obesity parameters,
peritoneal transport rate, and glucose absorption.

Design, selling, participants, & measurements Insulin resistance was evaluated with homeostasis model
assessment method (HOMA-IR), additionally corrected by adiponectin (HOMA-AD). Enrolled patients were
prevalent nondiabetics attending at Santo Antonio Hospital Peritoneal Dialysis Unit, who were free of
hospitalization or infectious events in the previous 3 months (51 patients aged 50.4*15.9 years, 59% women).
Leptin, adiponectin, insulin-like growth factor-binding protein 1 (IGFBP-1), and daily glucose absorption were
also measured. Lean tissue index, fat tissue index (FTI), and relative fat mass (rel. FM) were assessed using
multifrequency bioimpedance. Patients were categorized according to dialysis to plasma creatinine ratio at

4 hours, 3.86% peritoneal equilibration test, and obesity parameters.

Results Obesity was present in 49% of patients according to rel.FM. HOMA-IR correlated better with FTT than
with body mass index. Significant correlations were found in obese, but not in nonobese patients, between
HOMA-IR and leptin, lepﬁ.n/adiponecﬁ.n ratio (LAR), and IGFBP-1. HOMA-IR correlated with HOMA-AD, but
did not correlate with glucose absorption or transport rate. There were no significant differences in insulin
resistance indices, glucose absorption, and body composition parameters between fast and nonfast transporters.
A total of 18 patients (35.3%) who had insulin resistance presented with higher LAR and rel FM (7.3 [12.3,
interquartile range] versus 0.7 [14, interquartile ra.nge], P<0.001, and 39.4+10.1% versus 27.2+11.5%, P=0.002,
respectively), lower IGFBP-1 (8.2+7.2 versus 21.0+16.3 ng/ml, P=0.002), but similar glucose absorption and
small-solute transport compared with patients without insulin resistance. FIT and LAR were independent cor-
relates of HOMA-IR in multivariate analysis adjusted for glucose absorption and small-solute transport (r=0.82,
P<0.001).

Conclusions Insulin resistance in nondiabetic peritoneal dialysis patients is associated with obesity and LAR
independent of glucose absorption and small-solute transport status. Fast transport status was not associated
with higher likelihood of obesity or insulin resistance.

Clin | Am Soc Nephrol 10: ese—see, 2015, doi: 10.2215/CJN.03170315

Introduction

Insulin resistance is already present in early stages
of CKD (1), with likely contributions from uremic
toxins, inflammation, malnutrition, metabolic acido-
sis, and vitamin D deficiency leading to acquired de-
fects in the insulin receptor signaling pathway (2).
After induction, peritoneal dialysis (PD) has been
shown to initially improve insulin resistance in uremic
patients, similar to hemodialysis (HD) (3). However, it
is feared that with time the cumulative exposure to
glucose solutions used in PD might lead to sys-
temic hyperglycemia, obesity, and aggravate insulin

www.gjasn.org Vol 10 December, 2015

resistance, which could contribute to increased car-
diovascular risk (4). The incidence of overweight and
obese patients is widely prevalent in contemporary
PD populations (5,6), although there is much contro-
versy about the major role of peritoneal glucose ab-
sorption on body fat accumulation over time (7,8).
A single study has evidenced that insulin resis-
tance evaluated by homeostasis model assessment
(HOMA-IR) is a predictor of cardiovascular disease in
PD patients (9); however, the specific role of perito-
neal glucose absorption, small-solute transport, or
obesity were not addressed.

Copyright © 2015 by the American Society of Nephrology
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Hung et al. (10) have shown that leptin/adiponectin
ratio (LAR) and homeostasis model assessment corrected
for adiponectin (HOMA-AD) were the better correlates
of glucose-disposal rate measured by hyperinsulinemic
euglycemic glucose clamp in chronic HD patients. LAR
has been recently proposed as a new atherogenic index,
since it has been associated with cardiovascular events in
PD (6). However, no study has explored the association
between these newly adipokine-based insulin resistance
indices and the HOMA-IR in PD patients.

Therefore, we aimed to test whether insulin resistance
is associated with obesity parameters, peritoneal transport
rate, and glucose absorption, by using three insulin re-
sistance indices (HOMA-IR, HOMA-AD, and LAR) and
bicimpedance analysis in stable PD patients. We further
evaluated insulin-like growth factor-binding protein 1
(IGFBP-1) as a marker of hepatic insulin sensitivity, and
explored its association with obesity. Additionally, we
evaluated the determinants of insulin resistance mea-
sured by HOMA-IR in a group of patients undergoing
PD for =1 year.

Materials and Methods
Patients

This cross-sectional study enrolled all the 51 prevalent
nondiabetic PD} patients currently attending Santo Antdénio
Hospital Peritoneal Dialysis Unit, who were free of hospi-
talization or infectious events in the previous 3 months.
All patients were treated with low-glucose degradation
product solutions; 3.86% glucose exchanges were not rou-
l'im_'ly used. Icodextrin was used in 21 patients (41.2%).
None of the patients were currently taking corticosteroids.
All patients provided informed consent and the study was
approved by the Centro Hospitalar do Porto Ethics Com-
mittee [approval #061,/12(039-DEH /059-CES)].

Laboratory Measurements

Venous blood samples were obtained after an 8-10-hour
overnight Fnsl'ing period, on the moming of the peritoneal
equilibration test (PET). The preceding overnight dwell
was standardized to 1.36% glucose solution. Blood samples
were drawn after the last dwell drainage and before start-
ing the PET. Serum was allowed to clot at room tempera-
ture for no longer than 60 minutes and was then separated
from cells by centrifugation and divided in two aliquots,
one for immediate assay, the other for storage at =70°C
until analysis for adiponectin, leptin, and IGFBP-1.

Creatinine was measured by the compensated Jaffe
method. The dialysate creatinine concentration was cor-
rected for interference by glucose according to our lab-
oratory standards. Serum albumin was measured by
bromocresol green dye (Cobas Integra 800, Roche Diag-
nostics GmbH). Insulin was measured by a sandwich
assay on an electrochemiluminescence immunoassay an-
alyzcr (Cobas E 170, Roche Diagmstici GmbH). Glucose
and C-reactive protein was measured using the Roche
methods in a Roche autoanalyzer (COBAS Integra 800,
Roche Diagnostics GmbH). Serum leptin, adiponectin,
and IGFBP-1, were measured using ELISA (Mediagnost,
Rcutlingcn, Gcrmnny}.

81

Derived Insulin Resistance Indices
Insulin resistance was assessed usi.ng HOMA-IR, HOMA-
AD, and LAR, according to the folluwing equations (10):

HOMA-IR =fasting serum insulin(uU/ml) X
fasting serum glucose(mg/dl) /405

HOMA-AD = fasting serum insulin(pU/ml) X fasting serum
glucose(mg/dl) fadiponectin(pg/ml)

LAR = leptin(ng/ml)/adiponectin(ug/ml).

Patients with HOMA-IR =2.2 were considered to have in-
sulin resistance, as this value corresponds to the HOMA-IR
50th percentile in the larger validation study about HOMA-
IR against the euglycemic, hyperinsulinemic clamp in non-
diabetic patients (11).

Dialysis Adequacy, Urea Kinetics, Peritoneal Glucose
Absorption, and Estimation of Dietary Protein Intake

Adequacy of dialysis was calculated from 24-hour urine
and dialysate collection. Weekly Kt/ V was determined using
standard methods (12). Residual renal function was calcu-
lated as the average of 24-hour urinary urea and creatinine,
as described elsewhere (13). Small-solute peritoneal mem-
brane transport was calculated from a 4-hour, 3.86% glucose
PET ncctrrding to the two-in-one protocol (14). Glucose
drained over 24 hours was measured. Peritoneal glucose ab-
sorption was calculated by subtracting the 24-hour drained
glucose from the total glucose influx by the dialysate. Di-
etary protein intake was estimated from protein catabolic
rate normalized to actual body wcight (nPCR) using the
PD Adequest software (Baxter Healthcare Corporation,
Deerfield, IL).

Body Composition Assessment

We performed multifrequency whole body bicimpedance
assessment using the Body Composition Monitor (Fresenius
Medical Care, Bad Hurnbu.rg, Gcrrrmrly). The bioimpedance
method applied was validated by isotope dilution methods
(15), by accepted reference body composition methods (16,17),
and by extensive clinical assessment of the hydration state
(18). Body composition assessments were done with full
abdomen duri.ng the PET procedure, taking into account
the fact that the patient was weighed after draining out
peritoneal effluent and thereafter 2 liters of peritoneal so-
lution were instilled.

We measured lean tissue index (LTI), fat tissue index
(FTI), relative fat mass (rel. FM), body cell mass (BCM), and
relative overhydration (rel.OH). Only measurements simul-
taneuu:;ly achieving hjgh qua]ity (=90%) and low error per-
centage (<35%), showing an inverted U curve in the device
monitor, were validated.

Due to biophysic reasons, the bioimpedance spectroscopy
does not measure :x:qucstcmd fluid in the trunk (19), and
therefore the presence or absence of PD fluid in the abdomen
does not influence body composition parameters related to
nutritional status (20). Women with rel FM =>30% and men
with rel FM =25% were considered obese (21).

The values for LTI were compared with an age- and
gender-matched reference population and, according to
this, patients with LTI <10th percentile were considered to
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have protein wasting (22). Patients that simultaneously
presented with rel. FM<10% and LTI <reference range
were characterized as having prc)te‘in-(mcrgy wasling (23).

Statistical Analyses

The data are presented as means*=SD or as median with
the interquartile range. Pearson and Spearman correlation
analyses were used, as appropriate, to assess a linear corre-
lation between insulin resistance indices and several meta-
bolic, irl.ﬂarnmatury, and body composition parameters,
peritaneal ghacose absorption, and small-solute transport status.

Continuous variables were compared between groups
using ftest or Mann-Whitney U test, as appropriate. The
chi-squared test was used for categorical variables. Compar-
ison between obese and nonobese patients was performed
amrrdjng to body mass index (BMI) and am’.)’rding to relLFM
by bivimpedance analysis. We also performed comparisons
concerning fast transport status and insulin resistance state.

Independent correlates of HOMA-IR were assessed by
multivariate analysis, cm‘lsid&m‘ng the :;igrljﬁcant associated
variables recognized by bivariate analysis, and adjusted for
peritoneal glucose absorption, small-solute transport, and
time on PD. LAR, C-reactive protein, and leptin were natural
log-transformed due to the skewed distribution. Values of
P<0.05 were considered statistically significant. Statistical
analyses were performed using SPSS software application

(version 21; SPSS, Chjcagu, Mineis).

Results
General Features of the Study Population

Table 1 lists features of the study population. Mean di-
alysate to plasma ratio (D/P)qeatinine was 0.8=0.1; 13.7%
were fast transporters. Mean fasting glucose and insulin
were within normal ranges. Insulin resistance was detected
in 18 patients (35.3%) ncaml'mg to HOMA-IR. U};ing BMI,
20 patients (39%) were considered uve’rweight or obese.
According to rel.FM, 25 patients (49%) were obese. The
nutritional spectrum included nine obese patients with
sarcopenia (LTI <reference range) and two with protein-
energy wasting (rel. FM<10% and LTI <reference mngc).

The prevalence of obesity (according to rel. FM) was
significantly higher in patients on PD for =1 year (61%),
than in patients on PD for <1 year (20%) (odds ratio [OR]
=6.29; 95% CI, 1.50 to 26.31; P=0.01).

Correlations between Insulin Resistance Indices, Small-
Solute Transport, Glucose Absorption, and Body
Composition Parameters

HOMA-IR correlated better with FTI than with BMI both
in the general population and in the obese group (Table 2).
HOMA-IR correlated strongly with HOMA-AD. Notably,
significant correlations were found between HOMA-IR
and leptin, and LAR and IGFBP-1 in the obese group,
but not in the nonobese group (Table 2). Instead of the
above positive correlation in the obese group, LAR<1
was documented in the two patients with protein-energy
wasl‘ing, with high HOMA-IR.

There were no correlations between insulin resistance
indices and renal function, Kt/V urea, peritoneal transport,
or glucosc absorption (Table 2). A signiﬁcant correlation of
HOMA-IR with lean mass was not found.
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Table 1. Characteristics of the study patients
c Mean+SD or Median
Varisble (Interquartile Range)
Age, years 504+159
Time on PD, months 36.3+33.6
Sex (female), % 58.8
APD/CAPD 22/29
HOMA-IR 21x14
Fasting plasma insulin, 9.6+55
U/ ml
Fasting plasma glucose, 849+118
mg/dl
HOMA-AD 42.0*+33.6
IGFBP-1, ng/ml 16.0+14.6
Adiponectin, meg/ml 243+79
Leptin (ng/ml) 292 (64.2)
LAR 1.0(3.3)
Albumin, g/dl 39+04
Prealbumin, mg/ dl 342+76
nPCR, g/kg per day 1.1+0.3
C-reactive protein (mg/L) 3.1(5.7)
D/Pereatnine 0.8+0.1
Weekly Kt/V urea 2.2+0.5
RRF, ml/min per 1.73 m? 31+29
BMI, le(,g/rn2 24.0+41
FTI, kg/m* 9.8+5.4
rel.FM, % 28.8+123
LTI, kg/m® 13.9+3.7
rel.OH, % 64+9.1
Glucose load, g/day 146.5+89.2
Glucose absorbed, g;/day 60.1+295
Causes of renal failure Number of patients
Chronic 28 (55)
gl(mcru.lom:pl‘u‘itis (%)
Tubulointerstitial 5(9.8)
nephritis (%)
ADPRD (%) 4(7.8)
CAKUT (%) 3(5.9
Chronic 3(5.9
pyelonephritis (%)
CKD of unknown 8(15.7)
ctiolugy (%)
Values are expressed as frequencies for categorical variables
and as mean®SD or median (interquartile range) for continuous
variables. PD, peritoneal dialysis; APD, automated peritoneal
dialysis; CAPD, continuous ambulatory peritoneal dialysis;
HOMA-IR, homeostasis model assessment insulin resistance
index; HOMA-AD, homeostasis model assessment corrected for
adiponectin; IGFBP-1, insulin-like growth factor binding protein
1; LAR, leptin/adiponectin ratio; nPCR, normalized protein
catabolic rate; D/P, dialysate to plasma ratio; RRF, residual renal
function; BMI, body mass index; FTI, fat tissue index; rel. FM,
relative fat mass; LTI, lean tissue index; rel.OH, relative
averhydration; ADPRD, autosomal dominant polycystic renal
disease; CAKUT, congenital anomalies of the kidney and
urinary tract.

Metabolic and Inflammatory Parameters according to BMI
and rel.FM

According to BMI, there were no differences in fasting
insulin, HOMA-IR, or HOMA-AD between normal wcight
and obese patients. However, according to reLFM, HOMA-IR,
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Table 2. Correlations between HOMA-IR and other insulin resistance indices (HOMA-AD and LAR), small-solute transport (D/
P reatinine) Elucose absorbed, and body composition parameters
All Patients Obese Patients According Nonobese Patients According
N=51 to relLFM n=25 to rel. FM n=26

r P Value r P Value r P Value
Age —0.001 0.10 —0.26 0.22 0.07 0.75
Time on PD —0.15 0.30 —0.23 0.26 —0.34 0.19
HOMA-AD 0.73 <0.001" 0.77 <0.001° 0.77 <0.001*
IGFBP-1 -0.43 0.01# -0.56 0.01° -0.28 0.25
Leptin 048 <0.001% 0.65 =<0.001° 0.15 047
Adiponectin —0.05 0.77 0.04 0.87 =0.03 0.90
LAR 0.55 =0.001* 0.74 =0.001* =0.09 0.72
D/ P eatinine 0.06 0.68 0.16 0.50 0.24 0.26
Glucose absorbed —0.14 0.33 -0.08 0.72 -0.22 0.29
BMI 0.44 0.001° 0.43 0.03* 0.16 0.44
FTI 0.46 0.001° 0.54 0.01° -0.19 0.36
LTI —0.14 0.34 —0.06 0.78 0.32 0.11
PD, peritoneal dialysis; HOMA-AD, homeostasis model assessment corrected for adiponectin; IGFBP-1, insulin-like growth factor
binding protein 1; LAR, leptin/adiponectin ratio; D/ P, dialysate to plasma ratio; BMI, body mass index; FTT, fat tissue index; rel FM,
relative fat mass; LTI, lean tissue index.
“P<0.05.

HOMA-AD, and fasting insulin were significantly higher in
obese patients and the difference in LAR was more pro-
nounced (Table 3). Similarly, C-reactive protein did not differ
significantly between patients categorized according to BMI,
but was significantly higher in obese patients characterized
by rel FM (3.6 [7.4] versus 1.3 [44], P=0.03).

Time on PD, residual renal function, Kt/V, peritoneal
glucose absorption, and D /P reatinine did not differ sigrlif-
icantly between groups, according to BMI and rel. FM.

Fast Transport Status Associations with Insulin Resistance,
Glucose Absorption, and Body Composition Parameters

Fast transporters were more frequently prescribed auto-
mated PD (57.1% versus 40.9%, P=0.62) and icodextrin
(71.4% versus 36.4%, P=0.05). There were no :;ig;niﬁcant dif-
ferences between fast transporters and nonfast transporters
concerning fasting glucose (88.0=9.1 versus 85.0+12.0 mg/dl,
P=0.47), fasting msulin (10.5=5.1 versus 7.8+5.7 uU/ml,
P=0.63), HOMA-IR (2.3=1.3 versus 2.1*1.4, P=0.55),
HOMA-AD (347269 versus 45.4+36.2, P=0.37), LAR
(3.1 [5.8] versus 3.8 [5.5], P=0.37), and IGFBP-1 (245%27.0
versus 12.3+8.0, P=0.55). PD regimens also allowed similar
daily peritoneal glucose absorption. There were no differ-
ences concerning body composition parameters related
both with fat mass, lean mass, and relative overhydration
between fast transporters and the other small-solute trans-
port categories. The prevalence of both wasting (28.6%
versus 15.4%, P=0.59) and obesity (28.6% versus 48.7%,
P=0.43) were not significantly different between the two
g‘r()ups.

Insulin Resistance in Prevalent Patients

Patients with >1 year on PD, classified as insulin resis-
tant (HOMA=2.2), presented significantly higher values of
HOMA-AD and LAR (70.7+40.4 versus 23.5+114, and 7.3
[12.3] versus 0.7 [1.4] respectively, both P<<0.001], and
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significantly lower values of IGFBP-1 (8.2+7.2 ng/ml versus
21.0+£16.3 ng/rnl, P=0.002). B()dy composition parameters
related to fat mass were significantly higher in insulin resis-
tant patients, while parameters related to lean mass were
similar between the groups (Table 4).

The prevalence of obesity according to relLFM was
significantly higher in the insulin-resistant group than in
patients with HOMA <22 (84.6% versus 47 8%, P=0.04). The
prevalence of protein wasting according to bicimpedance
was similar between the two groups (Table 4). Mean d.aﬂy
peritoneal glucose absorption was not significantly different
between the two groups (Table 4).

Determinants of HOMA-IR in PD

In a multivariate linear regression model adjusted for
peritoneal glucose absorption, small-solute transport, C-
reactive protein, and time on PD, only FTI and LAR were
imlq:xmdenﬂy correlated with HOMA-IR (r=0.82, P=0.001).
HOMA-IR was 0.16 units higher per kg/m? of FTI (95% CI,
0.05 to 026, P=0.01) and 0.10 units higher per unit of LAR
(95% CI, 0.01 to 0.2, P=0.03).

Discussion

To the best of our knowledge this is the first study that
explores the relationships between HOMA-IR and new
adipokines-based insulin resistance indices with peritoneal
glucose absorption, small-solute transport, and body com-
position assessed by bivimpedance in PD patients. It also
sheds light on the factors that predict insulin resistance in
PD patients, showing the role of obesity and adipokines in
this population. PD is associated with an increased risk of
cardiovascular mortality after the first year (24). Though
speculative, it is feared that glucose absorption could ex-
plain this outcome by promoting body fat gain and insulin
resistance (2,4). Only two studies have S]:K:cifica]ly addressed
the relationship of HOMA-IR with outcomes in PD (9,25).
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Table 4. Difierences in laboratory parameters, smallsolute transport, glucose absorption, and hody composition parameters
according to insulin resistance in patients on PD for >1 year

HOMA-IR<2.2 n=23 HOMA-IR=2.2 n=13 P Value
Age, years 53.7+16.7 51.9+15.8 0.63
Glucose, mg/dl 83.6+10.9 91.9+10.0 0.03
Insulin, puU/ml 6.6+2.1 15.8+5.9 <0.001
HOMA-IR 1404 3.6*23 =<0.001
HOMA-AD 235+111 70.7+404 <0.001
chl']n/adip(mecl‘in ratio 0.7 (14) 7.3 (12.3) =20.001
IGFBP-1, ng/ml 21.0+16.3 82+72 0.002
nPCR, g/kg per day 1.1+0.3 0.9+0.2 0.17
Albumin, g/dl 3.9+04 4.0+0.5 0.39
C-reactive protein ( rng/ L) 2.7 (5.6) 35(5.1) 0.75
Adiponectin, rncg/rnl 259+77 228+69 0.30
Leptin (ng/ml) 14.7 (37.2) 140.7 (228.1) =0.001
Weekly Kt/V urea 22*05 2.0x05 0.11
RRF, ml/min per 1.73 m* 2.5%33 24*18 0.72
D/ P eatinine 0.8+0.1 0.8+0.1 1.00
Glucose load, g/day 168.2+87.5 162.0+95.4 0.75
Glucose absorbed, g/ day 6£2.0+25.9 63.4+35.2 0.85
BMI, ]r(.g/m2 24.3+30 26.6+5.3 0.28
Fat mass, 18.0*8.3 28.3*12.0 0.01
FTI, kg/m~ 9.1+43 147+59 0.004
rel.LFM, % 27.2*115 39.4+10.1 0.002
LTM™, kg 40.2+146 31.5+10.6 012
Obesity according to relLFM (%) 11/23 (47.8) 11/13 (84.6) 0.04
Protein wasting according to LTI (%) 3/23 (13) 5/23 (38.5) 011
Values are expressed as mean 5D or median (interquartile range) as appropriate.PD, peritoneal dialysis; HOMA-IR, homeostasis
model assessment insulin resistance index; HOMA-AD, homeostasis model assessment corrected foradiponectin; IGFBP-1, insulin-like
growth factor binding protein 1; nPCR, normalized protein catabolic rate; RRF, residual renal function; D/ P, dialysis to plasma ratio;
FTI, fat tissue index; rel. FM, relative fat mass; LTM, lean tissue mass; LTI, lean tissue index.

These studies presented contradictory results and did not
address the role of glucose absorption and fast transport
status on insulin resistance, a major limitation. In our study,
peritoneal glucose absorption was not correlated with any
insulin resistance indices, nor with fat mass, and did not
differ in insulin-resistant patients versus the lower HOMA-IR
group. Our results also reproduce our previous observation
that BMI underestimates obesity prevalence in PD (6), and
that ()be:iity increases in patients on PD for =1 year (61%).
This supports other studies reporting increased fat mass
with time on PD (8,26-28). However, none of the body fat
mass composition parameters showed correlation with glu-
cose absorption or fast transport status. In line with our
finding, others documented a lack of association between
peritoneal glucose exposure and body fat gain in patients
on PD (7,29).

We also demonstrate that significant differences in
HOMA-IR, HOMA-AD, and LAR were only evident when
patients were compared according to rel.FM and not
acctrrdi.ng BMI. ..’\g,nin, these results underline the impact
of obesity on insulin resistance development in PD patients,
as HOMA-IR, HOMA-AD, and LAR were signiﬁcantly
higher in obese patients compared to the results in nonobese
patients, when categorized according to rel FM.

A clinically relevant conclusion is that the relationship
between insulin resistance and the adipokines ratio (LAR)
is regulated by body composition parameters. We have
previously reported that rel.FM and LTI predicted LAR
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independently of peritoneal glucose absorption (6). The
results of the present study corroborate this, underlining
that insulin resistance is aggravated in both extremes of
the nutritional spectrum: obese patients exhibited higher
LAR values, :;I:r(mgly pu.s‘il'ively correlated with HOMA-IR,
but the two patients with protein-energy wasting also evi-
denced insulin resistance while LAR was <1. We measured
IGFBP-1, which has recently been validated as a surrogate
marker of visceral fat, and is stmngly ']nvcr:x:ly related to
liver fat content measured by the gold standard method,
proton magnetic resonance spectroscopy (30). We report a
significant negative correlation between HOMA-IR and
IGFBP-1 in our population, especially in obese patients
(r==0.56, P=0.01), in line with IGFBP-1 being a marker of
hepatic insulin sensitivity.

Concerning fast transport status, it is feared that higher
glucose absorption could induce metabolic alterations and
cardiovascular events (2). In a previous study of PD patients
followed up on for 47 months, no difference was found
concerning small-solute transport rate between patients
with and without cardiovascular events (6). In the present
study, we also did not find any significant difference con-
cerning LAR, IGFPB-1, glucose absorption, or body com-
position parameters between fast transporters and other
categories of small-solute transport. Only two studies
have assessed the correlations between peritoneal transport
and insulin resistance measured by HOMA-IR (31,32), con-
cluding that D/Peatinine Was not significantly associated
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with HOMA-IR. Our results not only support such evidence,
but expand on the knowledge regarding fast transport status
systemic consequences, highlighting the fact that fast trans-
porters under updated therapy regimens have no higher like-
lihood of obesity or overhydration compared with nonfast
transporters. The use of new solutions, icodextrin, and short
dwell times could contribute to minimizing glucose exposure
and systemic effects.

Also relevant was to document that patients categorized
as insulin resistant presented significantly higher adipokine-
based insulin resistance indices, lower IGFBP-1, and signif—
icantly higher values of body composition parameters related
with fat mass, in spite of similar BMI scores.

Leptin and adiponectin play important and opposite roles
in the regulation of cardiovascular and metabolic homeostasis.
We recently reported that LAR can be used as a new athero-
genic index, as it is associated with cardiovascular events in PD
patients without protein wasting (6). According to our present
investigation this association between LAR and cardiovascu-
lar events might be explained through development of insulin
resistance. In fact, given the direct actions of adiponectin on
insulin sensitivity both in skeletal muscle and liver (33,34), a
higher LAR can been seen not only as a biomarker of insulin
resistance, but also as a predictor of insulin resistance. Qur
study also highlights the fact that obesity is associated with
insulin resistance in PD patients, independently of peritoneal
glucose absorption and fast transport status.

QOur study is limited by its cross-sectional design and
sample size, and for that reason we aim for a longitudinal
extension of this investigation. Validation of insulin resis-
tance indices against the euglycemic hyperinsulinemic clamp
in the PD field would be valuable, since it is regarded as the
reference method for insulin sensitivity assessment However,
this method is expensive and not suitable for use in dinical
practice. HOMA-IR, however, is easy to pc'rfm'm and vali-
dated as a valuable alternative of insulin sensitivity both in
non-CKD patients (11,35), in CKD patients stages 1T and IV
(36,37), and in HD patients (10).

There are also strengths to this study. The few studies that
have calculated HOMA-R in PD patients lack any standard-
ization of PD prescription concerning the last dwell period,
before collecting blood to analyze insulin and ghacose (9,25).
We standardized these procedures notonly in a fasling state,
but also after the overnight dwell with 1.36% glucose solu-
tion, before the PET. Such a protocol minimizes any poten-
tial effect of peritoneal glucose absorption, while allowing
for dialysis maintenance, as a previous study by Heaton et al.
showed that there are no differences in fasting plasma glucose
and insulin between undialyzed PD patients (with no PD
solution in the abdomen) and patients on 1.36% glucose
solution, after the first 60 minutes of a 1.36% glucose
dwell (38). Assuming this, other investigators focused on
metabolic issues, pe‘rfm‘ming measurements after the 1.36%
glucose solution overnight dwell (39,40).

Insulin assay can vary considerably, espedally if antibodies
that crossreact with insulin or split-proinsulin products are
used (41): we used an insulinspecific assay, thereby mini-
mizing the interference exerted on the HOMA-IR score. The
systemic impact of peritoneal glucose absorption is scarcely
addressed, and the few studies about insulin resistance in
PD do not take into account the impact of protein-energy
wasting and obesity in its development. In the present
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investigation, we have not only measured peritoneal glu-
cose absurpl:'lorl, but also assessed body comp()sition by
bioimpedance method. This may suffer from methodologic
errors, but is validated as a clinical tool to evaluate body
composition in ESRD patients (19,20,42,43).

To summarize, our results evidence that obesity
and adipocytokines profile are associated with insulin
resistance in PD, irld(:pcrlde_'rltly of glucusc absorpti(m
and small-solute transport status. Patients with insulin
resistance, namely with higher LAR, are more prone to
suffer from cardiovascular events (6). In order to possibly
break such a chain of events, efforts should be put into
obesity prevention, as well as correct diagnosis and
treatment. One of the most feared systemic consequences
of glucose absorption in PD is obesity and/or develop-
ment of insulin resistance. However, fast transport status
under contemporary PD regimens was not associated
with obesity or insulin resistance. Current PD treatments
minimize glucose exposition, and the lack of comrelations be-
tween peritoneal glucose absorption and insulin resistance in-
dices and body composition parameters puts forward
evidence that other factors may contribute to a metabolic
syndrome development in PD patients, perhaps in a more
powerful way. Beyond genetics, future efforts should be
made towards determining resting energy expenditure
(44) and the role of energy intake and physical exercise.
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Short Summary (manuscript V.V.I)

Glucose, the main osmotic agent used in peritoneal dialysis (PD), contributes to peritoneal
membrane structural changes, with time on the technique. This structural alterations will
translate into functional changes, with the loss of ultrafiltration capacity of the membrane being
the final step. Reduced free water transport (FWT) contributes to ultrafiltration failure and
should be seen as a sign of more severe functional deterioration of the peritoneal membrane.
However, the modified peritoneal equilibration test (PET) does not allow to quantify FWT

trough the aquaporins.

The aim of our clinical investigation was to quantify simultaneously, in a large PD population,
small solute transport, FWT and small-pore ultrafiltration using a single PET procedure. We
evaluated 70 patients attending at Peritoneal Dialysis Units from Hospital de Santo Antonio —
Porto, and Hospital Universitario La Paz — Madrid. Our investigation shows that total
ultrafiltration correlated better with effectively measured FWT than with any other indirect
measurement of sodium sieving. FWT and total ultrafiltration, both decline with time on PD.
Eleven patients were diagnosed with ultrafiltration failure, presenting significant higher small-
solute transport parameters and lower FWT. The water transport trough small-pores correlates
positively with FWT in patients without ultrafiltration failure, but negatively in patients with

ultrafiltration failure.
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Metabolic derangements in peritoneal dialysis:

Systemic impact and functional expression of peritoneal membrane

In this clinical investigation we tested a new PET (the “Two-in-One Protocol’), in a large PD
population, showing that measurement of FWT and small-pore ultrafiltration quantification is
feasible in a single PET procedure. This study also contributes to clarify additional causes of
ultrafiltration failure, beyond increased effective capillary surface. The proposed Two-in-One
Protocol is a simple method for timely detection of membrane failure, capable of document the
most common peritoneal membrane dysfunctions, and can be used in routine annual PD

patient management, so that therapy can be properly adjusted.
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TWO-IN-ONE PROTOCOL: SIMULTANEOUS SMALL-PORE AND ULTRASMALL-PORE
PERITONEAL TRANSPORT QUANTIFICATION

Ana Paula Bernardo,' M. Auxiliadora Bajo,? Olivia Santos,* Gloria del Peso,? Maria Jodo Carvalho,!
Anténio Cabrita,! Rafael Selgas,?* and Anabela Rodrigues®*
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Porto, Portugal; and Nephrology Department,? La Paz University Hospital,
Madrid, Spain

+ Background: Reduced free water transport (FWT) through
ultrasmall pores contributes to net ultrafiltration failure
(UFF) and should be seen as a sign of more severe functional
deterioration of the peritoneal membrane. The modified
peritoneal equilibration test (PET), measuring the dip in
dialysate Na concentration, estimates only FWT. Our aim
was to simultaneously quantify small-solute transport,
FWT, and small-pore ultrafiltration (SPUF) during a single
PET procedure.

¢ Methods: We performed a 4-hour, 3.86% glucose PET,
with additional measurement of ultrafiltration (UF) at
60 minutes, in 70 peritoneal dialysis patients (mean age:
50 £ 16 years; 61% women; PD vintage: 26 £ 23 months).
We calculated the dialysate-to-plasma ratios (D/P) of
creatinine and Na at 0 and 60 minutes, and the Na dip
(Dipy pnacor) - the delta dialysate Na 0-60 (ADNa,_. ). FWT,
and SPUF.

¢ Results: Sodium sieving (as measured by ADNa_ ) cor-
related strongly with the corrected D'iPD,rpNam’ (r=0.85,p<
0.0001) and the corrected FWT (r=0.41, p = 0.005). Total
UF showed better correlation with FWT than with indirect
measurements of Na sieving (r- 0.46, p <0.0001 for FWT;
r=0.360, p < 0.0001 for DipﬂjPNaﬁU’)' Corrected FWT frac-
tion was 0.45 + 0.16. A negative correlation was found
between time on PD and both total UF and FWT (r=-0.253,
p =0.035 and r = -0.272, p = 0.023 respectively). The 11
patients (15.7%) diagnosed with UFF had lower FWT (89 mL
vs 164 mL, p < 0.05) and higher D/P creatinine (0.75 vs
0.70, p<0.05) than did the group with normal UF. The SPUF
correlated positively with FWT in the normal UF group, but
negatively in UFF patients (r = -0.709, p = 0.015). Among
UFF patients on PD for a longer period, 44.4% had a FWT
percentage below 45%.

¢ Conclusions: Measurement of FWT and SPUF is fea-
sible by simultaneous quantification during a modified
3.86% glucose PET, and FWT is a decisive parameter for
detecting causes of UFF in addition to increased effective
capillary surface.

* These authors contributed equally to the paper.
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KEYWORDS: Peritoneal equilibration test; aquaporins;
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Itrafiltration failure (UFF) is an important cause of

treatment drop-outin long-term peritoneal dialysis
(PD). Heimbiirger etal. (1) reported a cumulative risk for
thedevelopment of permanent loss of net ultrafiltration
(UF) of 3% after 1 yearand 31% after 6 years of PD treat-
ment. At that time, UF loss was associated mostly with a
large effective peritoneal surface area (1-3) or, eventu-
ally, with a high lymphatic absorption rate (1).

Later, once aguaporinsin the capillary peritoneal wall
were demonstrated, some authors showed thatimpaired
water transport through the ultrasmall pores could con-
tribute to net UFFin PD (4,5). That finding was based on
an observed reduction of sodium sieving during a 3.86%
glucose peritoneal equilibration test (“modified PET™).
Inthe first hour of a modified PET, a strong osmotic gra-
dient over the aguaporins induces free water transport
(FWT) from the capillaries to the dialysate, resulting in
a decrease (by dilution) of the dialysate sodium concen-
tration. This dip in dialysate sodium is hence an indirect
method for estimating the magnitude of watertransport
through the ultrasmall pores. However, itisimportant to
bearin mindthatanapparent reductionin sodium sieving
can also be caused byincreasesin peritoneal small-solute
diffusion, or by a reduction in the UF coefficient (LpS) of
the peritonealmembrane (6,7). Therefore, a reliable tool
to quantify both peritoneal FWT and small-pore solute and
fluid transport would be of great practical importance.
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Recently, two methods—one by La Milia et al. (“mini-
PET") (8), and the other by Smit et al. (9)—have been
developed to assess aquaporin-mediated water transport
in PD patients. These methads have both been validated
by computer simulations using the three-pore model of
peritoneal transport (10). Compared with the method
from Smit et al., the mini-PET is simple because it does
not involve sophisticated calculations or measurement
of fluid absorption by calculation of the clearance of a
macromolecular marker. Although extremely accurate
in measuring FWT, the mini-PET does not reproduce the
standardized small-solute transport categorization, be-
causeits dialysate-to-plasma ratio of creatinine (D/P Cr)
measured at 60 minutes of the dwell reveals a relatively
higher rate of small-solute transport than is found in a
4-hour dwell (11). Besides, it is burdensome in clinical
practice to have each patient undergo different types of
PET for an evaluation of membrane status. To overcome
this limitation, Cnossen ef al. (12) performed a study in
whichthey compared, in 10 prevalent PD patients, small-
solute transport assessed in a 4-hour, 3.86% glucose
PET, with temporary drainage after 1 hour (allowing for
quantification of FWT), concluding thatthe interim step
did not influence the D/P Cr result. Because no further
report has yet re-evaluated the clinical relevance of their
approach, we aimed to extend our presentinvestigation
into diagnosing UFFina larger population by simultane-
ously evaluating small-solute transport and more ac-
curately assessing ultrasmall- and small-pore UF using
a single PET procedure.

METHODS
PATIENTS AND PROCEDURES

This cross-sectional study enrolled 70 patients (29
men, 41 women; mean age: 50 + 16 years) attending PD
units at Hospital Geral de Santo Antdnio - Centro Hos-
pitalar do Porto, Portugal, and Hospital Universitario
La Paz, Spain, between January 2008 and August 2010.
Mean time on PD was 26 months (range: 1-121 months).
0Of the 70 patients, 43 (61%) were on automated PD.
None of the patients had peritonitis during the study
or the preceding 4 weeks. The test was performed as a
routine annual evaluation of membrane status without
elective selection.

A 4-hour 3.86% glucose modified PET with tempo-
rary drainage at 60 minutes (13) was performed in all
patients. During the procedure, we used PD solutions
low in glucose degradation products [either Balance
(Fresenius Medical Care, Bad Homburg, Germany) or
Physioneal (Baxter Healthcare Corporation, Deerfield,
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IL, USA) according to the individual patient’s prescrip-
tion]. The volume of dialysis solution was determined
by weight, without flushing the system and before fill-
ing the peritoneum. Blood and dialysate samples (each
approximately 10 mL) were taken at instillation of the
dialysate and after 60 and 240 minutes. At 60 minutes,
we perfermed an additional measurement of UF by total
drainage of the peritoneal cavity. This drained volume
was weighed and then immediately reinfused. Finally,
after 240 minutes, the peritoneal cavity was drained and
the drained volume was weighed.

A PET with an ultrafiltrate volume of 400 mL or less
at 4 hours was considered to represent UFF. By that
definition, UFF was detected in 11 patients (15.7%),
who were analyzed separately and compared with the
stable group.

MEASUREMENTS

Creatinine and sodium were measured in both plasma
and dialysate. Glucose was assessed in dialysate.
Creatinine and glucose were measured using standard
automated analyzer techniques. For creatinine, the
Jaffé compensated method was used. The dialysate
creatinine concentration was corrected for interference
by glucose according to laboratory standards. Sodiumin
dialysate and plasma was measured using indirect ion-
selective electrodes.

CALCULATIONS

We calculated the dialysate-to-plasma sodium (D/Py,)
atthe beginning (D/Py,.) and at 1 hour (D/Py,.,) of the
study PET. The Dip_D/P,. ., is the difference between
the D/Py,, and the D/P, ... The mass transfer area
coefficient for creatinine (MTAC Cr), calculated by the
simplified Garred model (14,15), was used to estimate the
dialysate sodium concentration attributable to diffusion
(16,17). The resulting value was then subtracted from
the sodium concentration measured in the dialysate at
60 minutes. Thus, we were able to calculate the D/P, .,
and the respective Dip_D/P,. ., with and without cor-
rection for sodium diffusion, according to previous
methods used to assess unit reference values (11). As
a more simple clinical tool, the difference in dialysate
sodium (ADy,_..) wasalso measured by subtracting the
dialysate sodium at 60 minutes (Dy_..) from the initial
dialysate sodium (D) (13).

During the study PET, FWT was calculated as follows:

FWT (mL) =Total UF volume at 60 minutes (mL) - UF
through the small pores at 60 minutes (mL).
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The UF through the small pores (SPUF) at 60 minutes
was calculated as follows:

SPUF (mL) = [NaR (mmol) x 1000] / PNa,

where NaR (mmol) is sodium removal and PNa is the
sodium concentration in plasma assessed by indirect
ion-selective electrodes. The NaR was calculated as

[Dialysate V at 60 minutes (L) x Dialysate Na at
60 minutes (mmol/L)] - [Dialysate Vinstilled
(L) x Dialysate Na at 0 minutes (mmol/L)].

Using asimple algorithm, we also performed a correc-
tion for FWT as described by Venturoli and Rippe (10):

FWT

cor

rected =
Total UF at 60 minutes + 15 = 0.92 x SPUF,

where the “15” represents cumulative lymphatic absorp-
tion during 60 minutes (18 mL) minus the cumulative
UF through the large pores during 60 minutes (approxi=
mately 3 mL). The FWT fraction was also evaluated.
Inaddition, patients were characterized by peritoneal
transport status as described by Twardowski et al. (18).

STATISTICAL ANALYSIS

Data with normal distribution are expressed as mean
+ 1 standard deviation, with 95% confidence intervals.
Asymmetrically distributed data are reported as medians
and interquartile ranges.

Pearson and Spearman correlation analyses were used,
asappropriate, toinvestigate possible relations between
the parameters of peritoneal transport.

Comparisons of the parameters of peritoneal transport
between patients on PD for less than 2 years and for 2 or
moreyearswere performed using the Studentt-testorMann-
Whitney U-test (according to the variables involved).

We also used the unpaired Student t-test or Mann-
Whitney U-test to compare patients with and without
UFF according to the variables involved.

Values of p less than 0.05 were considered statistically
significant. Statisticalanalyses were performed using the
SPSS software application (version 15.0: SPSS, Chicago,
IL, USA) for Windows.

RESULTS
SOLUTE AND FLUID TRANSPORT PARAMETERS

Table 1 summarizes the peritoneal transport char-
acteristics from the PET performed in the 70 study

patients. Notably, FWT accounted for 35.8% of the UF at
60 minutes, and once corrected (for sodium diffusion,

TWO-IN-ONE PERITONEAL EQUILIBRATION TEST

cumulative UF volume through the large pores, and
cumulative lymphatic absorption at 60 minutes), its
contributionincreased to a mean of 45.3%. With respect
to small-solute transport characteristics, 2 patients (3%)
were categorized as slow transporters (D/P Cr<0.49), 19
(27%) as slow-average (0.50<D/P Cr<0.64), 42 (60%)
as fast-average (0.65 < D/P Cr < 0.80), and 7 (10%) as
fast transporters (D/P Cr = 0.81).

CORRELATIONS BETWEEN TOTAL UF, SODIUM SIEVING, AND
FWT QUANTIFICATION

Total UF at 4 hours showed a better correlation with
quantified FWT than with any indirect measurement of
sodium sieving (r=0.46, p<0.0001 for FWT; r=0.48, p <
0.0001 for FWTm"Emd; r=-0,29, p<0.0001 for D/PNaan"'
r=-0.45, p <0.0001 for O/Py o i7=0.36,p<
0.0001 for Dip_D/P, ;i r=0.44, p <0.0001 for Dip_D/

Prssorcorrected: @Nd r="0.32, p=0.005 for ADy,; o).

TABLE1
Peritoneal Transport Characteristics in 70 Stable
Patients Assessed During a 4-Hour, 3.86%
Glucose Peritoneal Equilibration Test with
Temporary Drainage at 60 Minutes

Value
Variable MeansSD 95% (I

TotalUFat 4 h (mL) 665.73 £235.39 609.60 to 721.85
UFat1h(mL) 425.25+21.74 381.87 to 468.63
SPUF (mL) 274.03+133.32 240.28 to 304.45
FWT (mL) 152.14 + 88.51 131.52 to 174.25
FWT,, _oeq (ML) 189.03+92.09  167.39 to 211.89
Y%FWT 35.79 £17.59 31.8to 40.24
%PWT . oo (ML) 45.34+16.58  41.39t049.29
MTAC Cr (mL/min) 915411 8.13t0 10.11
D/PCr 0.70+0.10 0.68t00.73
D,,s/D, glucose 0.35+0.15 0.32t00.39
D/Pysor 0.89 +0.04 0.88t00.91
/Py 50 corrected 0.84+0.06 0.82t0 0.86
Dip_D/P 0 0.04:+0.02 0.03t0 0.04
DIP_D/Py 0 eorrected 0.10+0.05 0.09 to 0.11

SD = standard deviation; (I =confidence interval: UF = ultra-
filtration; SPUF = UF through the small pores at 60 minutes;
FWT = free water transport at 60 minutes; FWT_ ., = FWT
with an algorithm correction according to Venturoli et al.
(10); MTAC = mass transfer-area coefficient; Cr = creatinine;
D/P=dialysate-to-plasmaratio; D, /D =end (240 min)-to-
initial dialysate ratio; D/Py, ... = D/P sodium at 60 minutes;
D/Py. 607 corrected = D/ P sodium at 60 minutes corrected for diffu-
sion; Dip_D/P,, .- = difference between initialand 60-minute
D/P sodium; Dip_D/Py_ o comecteq = difference between initial
and 60-minute D/P Na, corrected for diffusion.
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We found a significant correlation between sodium
sieving measurements and FWT quantification, especially
when FWT was corrected for diffusion [Figure 1(A,B)].
Additionally, a simple tool such as AD,_ . correlated
strongly with the corrected dip [r = 0.85, p < 0.0001,
Figure 1(C)] and with FWT (r=0.41, p < 0.0001), which
is relevant for routine bedside evaluation.

SHORT- COMPARED WITH LONG-TERM PD TREATMENT

Of the study patients, 41 (59%) had been on PD for
fewer than 2 years (short-term PD), and 29 patients
(41%) had been on PD for 2 or more years (long-term
PD). Although none of the comparisons were statisti-
cally significant, the long-term group had lower FWTand
total UFvalues (data not shown). However, we observed
a statistically significant trend to achieve less total UF
and less FWT over time on PD [Figure 2(A,B)].

UFF AND WATER TRANSPORT PATHWAYS

Among the 70 study patients, 11 (15.7%) had UFF
(total UF <400 mL). Although the difference was not sta-
tistically significant, patients with normal UF had been
on PD treatment for a shorter period of time (Table 2).
Compared with stable patients, patients with UFF had
a significantly lower mean FWT, a higher D/P Cr, and a
higher MTAC Cr (Table 2). Among 9 patients with UFF
who had been on PD for more than 18 months (82%), 2
(22.2%) were fast transporters, and 4 (44.4%) had a FWT
percentage corrected for sodium diffusion of less than
45% (the mean for the entire population). Notably, as
Figure 3 shows, SPUF correlated positively with FWT in the
non-UFF group (r=0.257, p=0.032), but more strongly and
negatively in the UFF group (r=-0.709, p=0.015).

DISCUSSION

To our knowledge, the present study is the first to
report simultaneous small-pore and ultrasmall-pore
peritoneal transport quantificationina large PD popula-
tion through the use of a 4-hour 3.86% glucose PET with
temporary drainage at 60 minutes. The UF quantification
at 60 minutes allows for FWT to be measured as first de-
scribed by La Milia and colleagues (8). Our study expands
the work of the La Milia group, because the 4-hour PET
withthe added procedure allows for both FWT and small-
pore UFto be measured at the same time that peritoneal
solute transport is being quantified in a standardized
way, without the overestimation that might occur when
transport categorization is based on a D/P Cr obtained
aftera 60-minute dwell (11).
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Figure 1 — Correlations between (A) the dialysate-to-plasma
(D/P) sodium at 60 minutes corrected for diffusion (D/
Pria60correctaq) @Nd free water transport with an algorithm cor-
rection (FWT_ ;) according to Venturoli and Rippe (10)
(Pearson r=-0.80, p<0.0001): (B) the difference (“delta”) of
theinitial D/P sodium (D/P,.,) and the 60-minute D/P sodium
corrected for diffusion (Dip_D/Py..ocorrectea) @nd FWT o
according to Venturoli and Rippe (10) (Pearson r=10.68, p <
0.0001); and (C) the corrected dip and delta sodium (Pearson
r=0.85, p <0.0001).
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Figure 2 — Simultaneous small-pore and ultrasmall-pore peri-
toneal transport evaluation and its profile with time on perito-
nealdialysis (PD). Correlations between (A) total ultrafiltration
(UF,,,) and time on PD (Pearson r=-0.272, p=0.023); (B) free
water transport with an algorithm correction (FWT__ ) ac-
cording to Venturoliand Rippe (10) and time on PD (Pearson r=
-0.253, p=0.035); and (C) small-pore ultrafiltration (SPUF)

with time on PD (Pearson r=-0.243 p=0.003).

Even when no correction was made for sodium diffu-
sion, the results obtained for FWT (mean FWT at 60 min-
utes: 152 mL) were quite similar to those obtained with
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a more accurate and sophisticated method that used a
volume marker [mean FWT at 60 minutes: 135 mLaccord-
ing to Smitetal. (9); median FWT at 60 minutes: 154 mL
according to Parikova et al. (19)]. We also emphasize
that the results obtained regarding the contribution of
FWT to 60-minute UF are in line with those reported hy
La Milia—mean FWT___ ., being 45% in our study, and
mean FWT percentage being 46% in the report by La
Milia et al. (8). Also, skilled studies from Waniewski et
al., whatever the adjustments and methodology used,
found a FWT fraction of 0.40 + 0.12, which is equivalent
to the fraction that we documented (20,21).

The fact that FWT correlates better with total UF than
with any indirect measure of sodium sieving is evidence
that reduced water flow through aguaporins is some-
how not the only factor connected with reduced sodium
sieving (7). As expected, the algorithm correction for
sodium diffusion that we used allowed us to correct
some underestimation of FWT because of the presence
of sodium diffusion from the circulation (10). To cor-
rect the calculations for diffusive sodium transport, the
MTAC Cr estimated using the simplified Garred formula
[following the methodology previously published by the
Krediet group (16)], was also used by Asghar and Davies
(22) to investigate peritoneal fluid pathways. Although
the simplified Garred model may be less accurate than
the Waniewski model, the good correlation between
these two models allows for the use of the former model
in routine clinical evaluation (11). However, we suggest
that peritoneal transport guantification can rely on a
two-in-one protocol of 4-hour PET that simultaneously
provides information on D/P creatinine (at 4 hours) and
60-minute FWT quantification, avoiding correction for-
mulas and indirect estimates of sodium sieving that have
been found to be less discriminative.

We also found a slight, but consistent, tendency for
FWT to decline with time on PD. Such impairment might
occurasaconsequence ofinterstitial membrane changes,
lowering the capacity of glucose to exert its osmotic ef-
fect on the ultrasmall pores. To explain the apparently
“paradoxical” observationthat, although FWT was lower
in patients with UFF than in those without UFF, the FWT
percentage simultaneously failed to reach statistical
significance when those groups were compared, it must
be emphasized that the decrease in aquaporin function
indeed cannot be cited as the single reason for the FWT
decrease. Because of dissipation of the glucose osmotic
gradient, FWT depends on and isinversely correlated with
increased MTAC Cr—the more common cause of UFF, Our
results accord with those of Parikova et al. (23): thatis,
by analyzing fluid transport pathways and their determi-
nantsin patients with UFF, documented early-stage UFFis
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associated with a declinein FWT dependent on increased and additional interstitial changes combine to cause a

effective capillary surface area without significant de- significant decline in the FWT fraction with loss of glu-

crease of FWT contribution. Later, aquaporin dysfunction cose osmotic conductance. Interestingly, we found that
TABLE 2

Simultaneous Small-Pore and Ultrasmall-Pore Peritoneal Transport Evaluation for Peritoneal Dialysis (PD) Patients
With and Without Ultrafiltration (UF) Failure

Ultrafiltration failure
Patients without Patients with
Mean+SD 95% CL Mean+SD 95% CL

Patients (n) 59 1
Time on PD (months) 23.43+21.65 17.79, 29.08 38.15+28.25 19.17,57.14
Total UFat 4 h (mL) 732.40+188.78° 683.19, 781.59 308.18+93.68* 245.25,371.12
UFat1h (mL) 453.25+179.89* 406.37, 500.13 280.91+83.27° 224.97, 336.85
SPUF (mL) 289.43+136.50° 253.86, 325.00 191.44475.39° 140.79, 242.08
FWT (mL) 163.83+87.03° 141.14, 186.51 89.47+70.69° 41.98, 136.96
PWT, . eq (ML) 201.96+90.50° 178.37, 225.54 119.73+68.85° 73.47,165.98
%ol 36.96+16.29 32.71,41.20 29.53+23.33 13.86, 45.20
YPFWT_ ., (mL) 46.17+15.79 42.06, 50.29 40.88+20.59 27.04, 54.71
MTAC Cr (mL/min) 8.74+4.07° 7.68,9.80 11.38+3.70b 8.90, 13.87
D/PCr 0.70+0.10° 0.67,0.72 0.75+0.07° 0.70, 0.80
D,,,/D, glucose 0.37+0.16 0.33,0.41 0.27+0.03 0.25,0.30
D/Pyacr 0.90+0.04® 0.89, 0.90 0.93+0.04° 0.90, 0.95

a6 corraciad 0.830.06° 0.81,0.85 0.80:0.07° 0.85, 0.94
Dip_D/Py 0.04+0.02 0.03, 0.05 0.03+0.02 0.02, 0.05
Dip_D/ Py oo corrected 0.110.04° 0.10,0.12 0.06+0.05° 0.03,0.09

SD =standard deviation; CL = confidence limits; SPUF = UF through the small pores at 60 minutes; FWT = free water transport at
60 minutes; FWT_ . _.=FWTwith an algorithm correction according to Venturoli and Rippe (10); MTAC= mass transfer-area coef-
ficient; Cr=creatinine; D/P = dialysate-to-plasma ratio; D,, /D, = end (240 min)-to-initial dialysate ratio; D/P,_...= D/P sodium
at 60 minutes; D/Py ... . .=D/P sodium at 60 minutes corrected for diffusion; Dip_D/P,_... = difference between initial and
60-minute D/P sodium; Dip_D/Py 5 orecteq = difference between initial and 60-minute D/P Na, corrected for diffusion.

? t-Test p < 0.0001, comparing patients with and without ultrafiltration failure.

btTest p < 0.05, comparing patients with and without ultrafiltration failure.

© t-Test p < 0.005, comparing patients with and without ultrafiltration failure.

w_ | ®

Figure 3 — Small-pore and ultrasmall-pore peritoneal water transport pathways. (A) Free water transport (FWT) and small-pore
water transport both contribute to net ultrafiltration in patients without ultrafiltration failure (r=0.257, p=0.032). (B) Dispro-
portionate decline in FWT in patients with ultrafiltration failure (r=-0.709, p=0.015).
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small-pore and aguaporin watertransport both positively
correlate in non-UFF patients; however, in acquired UFF,
a disproportionate profile was documented, suggesting
that ultrasmall-pore transportindeed depends on other
than the effective capillary surface. Interstitial fibrosis
may explain this “uncoupling” between changesin small-
pore transport and in FWT that we observed in patients
with UFF (24).

Hence, our procedure allows for an exploration of
various time-dependent changes of the ultrasmall- and
small-pore water transport pathways. It also enables the
identification of causes of UFF in our population, with
important repercussions for PD prescription. Among the
11 patients with UFF, 5 had a F‘n’JTmnWmd cantribution
to UF at 60 minutes that was less than 45%, and only 2
of those 5 were cateqorized as fast transporters. That
finding suggests again a higher compromise of FWT,
disproportionate to higher small-solute transport. This
understandingis of particularimportance froma clinical
viewpoint, because these patients willbenefit most from
icodextrin instead of hypertonic glucose prescriptions.
Extension of the two-in-one protocol (5-hour “uni-PET”)
or performance of a double mini-PET (25) to measure
glucose osmotic conductance as a second evaluation step
could aid in the diagnosis of UFF. However, we skipped
such tests because we already adopticodextrin prescrip-
tion whenever a patient presents increased effective
capillary surface or reduced FWT, abolishing the use of
hypertonic 3.86% solutions in regular prescriptions.

One of the limitations of our study is the inability to
guantify the lymphatic absorption rate, which is not
feasible day-to-day in the clinic, and whose methodol-
ogy is still under debate (26). It is a known simplifica-
tion of the three-pore model to assume that absorption
of fluid from the peritoneal cavity is constant, at a rate
of 0.3 mL per minute. In fact, peritoneal fluid absorp-
tion varies between patients and might even be a cause
of UFF, but peritoneal absorption remains a difficult
problem for investigators, and no clinical procedure is
able to exclude peritoneal absorption except by using a
macromolecular tracer such as dextran (19) or radioio-
dinated human serum albumin (27,28). However, high
lymphatic absorption is recognized to be mostly a cause
ofinherent UFFand, more rarely, a cause of acquired UFF
(23,29). The fact that UFF presented mostly in our pa-
tients with longer time on PD may counteract the effect of
this imitation.

CONCLUSIONS

Quantification of FWTis importantfor detecting causes
of UFF beyond increased effective capillary surface. Such

TWO-IN-ONE PERITONEAL EQUILIBRATION TEST

quantification is feasible during a routine 4-hour 3.86%
PET evaluation with temporary drainage at 60 minutes.
This two-in-one protocol provides reliable and use-
ful clinical information concerning both small-solute
transport and the various water transport pathways.
Furthermore, complicated calculations needed to correct
for sodium diffusion are avoided, allowing the test to
be easily applied in daily clinical practice. The proposed
two-in-one protocal, documenting the most commen
peritoneal membrane dysfunctions and giving prognestic
information, is a simple method for timely detection of
membrane failure. We therefore advocate using this PET
evaluationin routine annual PD patient management so
that therapy can be properly adjusted.
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V — Results

Short Summary (manuscript V.V.II)

Ultrafiltration failure is still a challenging complication of peritoneal dialysis, and its prevalence
increases with time on PD. In long-term patients, ultrafiltration failure is more severe and often
associates with free water transport (FWT) compromise. Since it is known that increased
submesothelial fibrosis is an early and progressive lesion ultimately associated with
ultrafiltration failure and free water transport compromise, the search for an effluent marker
related to membrane fibrosis process, and exhibiting a good correlation with ultrafiltration and
FWT, would be clinically important. Hepatocyte growth factor (HGF) counteracts peritoneal
fibrosis, in animal models and in-vitro studies, but no study has ever explored effluent HGF in

peritoneal dialysis patients with ultrafiltration failure.

Our cross sectional study enrolled 68 patients treated in our Unit. All the patients performed a
peritoneal equilibration test according to our “Two-in-One Protocol’. HGF in the effluent was

also measured.

A strong negative correlation was documented between HGF and both FWT and total
ultrafiltration volume. Patients with ultrafiltration failure had higher dialysate HGF, specially the

patient’s sub-group who presented FWT compromise.

With this clinical investigation we were able to document that HGF concentration is significantly
higher among patients with ultrafiltration failure, especially if FWT is impaired, being a potential

sign of peritoneal membrane deterioration.
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Hepatocyte growth factor signalizes peritoneal
membrane failure in peritoneal dialysis
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Abstract

Background: Hepatocyte growth factor (HGF) counteracts peritoneal fibrosis in animal models and in-vitro studies, but
no study explored effluent HGF in peritoneal dialysis (PD) patients with ultrafiltration failure (UFF). Our aim was to assess
the relationship between effluent HGF with UF profile, free water transport (FWT) and small-solute transport.

Methods: We performed 4-hour, 3.86% PET with additional UF measurement at 60 minutes in 68 PD patients.

MTAC reatinine, FWT, small-pore ultrafiltration, and effluent HGF were quantified.

Results: Effluent HGF negatively correlated with UF (r=—080, p =0.009) and PWT (r=—-069, p=0.04). Patients with UFF
had higher dialysate HGF (103 pg/mL vs 77 pg/mL, p= 0018) and, although not statistically significant, those with FWT
compromise had also higher dialysate HGF compared with subgroup of UFF without FWT compromise (104 pg/mL vs
88 pg/mL, p=008). FWT < 45% without clinical UFF was documented in some patients who also had increased effluent
HGF.

Condusions: Dialysate HGF concentration is significantly higher among patients with UFF, specially, if FWT is impaired,

being a sign of peritoneal membrane deterioration.

Keywords: Hepatocyte growth factor, Peritoneal membrane, Ultrafiftration failure, Water transport

Background

Ultrafiltration failure (UFF) is still a challenging complica-
tion of peritoneal dialysis and its prevalence increases with
time on PD [1-3]. In long-term patients, UFF is more se-
vere and often associated with free water transport (FW'T)
compromise [4-6]. The two-in-one peritoneal equilibra-
tion test allows simultaneous quantification of FWT and
small pore ultrafiltration, being a simple method for timely
detection of membrane failure, as we previously reported
[7]. Since it is known that increased submesothelial fibro-
sis is an early and progressive lesion ultimately associated
with UFF [8], the search for an effluent marker related to
membrane fibrosis process and exhibiting a good correl-
ation with ultrafiltration and FWT would be clinically im-
portant. Such a marker could timely detect peritoneal
membrane failure. Besides it should be desirable that such

* Comespondence: anabernardo@portugalmail pt

"Nephrology Department, St Anténio Hospital - Oporto Hospital Center,
Oporto, Portugal

*UMIB/ICBAS/UP, Oporto, Portugal

Full list of author information is available at the end of the article

( J BioMed Central

marker could signalize peritoneal membrane deterioration
even before clinically relevant UFF.

Hepatocyte growth factor (HGF) is known to play a
crucial role in the repairing process of tissues and pre-
venting organ fibrosis [9-12]. Yu et al. demonstrated, for
the first time, that human peritoneal mesothelial cells
constitutively synthesized HGF [13], and that treatment
of human peritoneal mesothelial cells with HGF blocks
high glucose-induced epithelial-to-mesenchymal transi-
tion (EMT). More recently, Ueno T, et al. showed that
HGF secreted by mesenchymal stem cells was implicated
in the inhibition of the transforming growth factor Pl
signaling and ameliorated peritoneal fibrosis in an ex-
vivo study [12]. It is thus relevant to increase the know-
ledge on HGF clinical value, in patients under PD, as it
may possibly point to new diagnostic opportunities and
therapeutic avenues. Therefore dinical investigation
under this subject is mostly important and needed.

Impaired FWT is assumed to indicate a more severe
functional and structural membrane lesion due to
aquaporin disfunction or interstitial changes [6,14-16],

@ 2014 Bernardo et al; licensee BioMed Central. This is an Open Access articke distributed under the terms of the Creative
Commaons Attribution License (httpy//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commaons Public Domain

Dedication waiver (http//creativecommans.org/publicdomain/zero/1.0f) applies to the data made available in this article,

unless athenwise stated
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but there are no clinical studies exploring the associa-
tions between effluent HGF, ultrafiltration failure, FWT
and small-solute transport. For that reason, we per-
formed a clinical investigation in order to assess, in a
prevalent PD population, the relation between dialysate
HGF and the ultrafiltration profile, FWT quantification,
and small-solute transport.

Methods

Patients and procedures

This cross sectional study enrolled 68 patients of our
Unit. All the patients performed a 4-hour, 3.86% glucose
modified peritoneal equilibration test (PET) with total
temporary drainage at 60 minutes [“Two-in-one” proto-
col, as published before [7]]. This protocol allows free
water transport quantification, beyond a simple caleula-
tion of sodium sieving [7]. None of the patients had
peritonitis during the study or the preceding 6 weeks.
During the procedure, we used PD solutions low in glu-
cose degradation products, according to the individual
patient’s prescription. The volume of dialysis solution
was determined by weight, without flushing the system
and before filling the peritoneum. Blood and dialysate
samples (each approximately 10 mL) were taken at in-
stillation of the dialysate and after 60 and 240 minutes.
At 60 minutes, we performed an additional measure-
ment of UF by total drainage of the peritoneal cavity.
This drained volume was weighed and then immediately
reinfused. Finally, after 240 minutes, the peritoneal cav-
ity was drained and the volume obtained was weighed.

PETs with an ultrafiltered volume < 400 mL/4 h were
considered to represent ultrafiltration failure (UFF).

All patients provided written informed consent for
participation, and the study was approved by the Ethics
Committee of St. Anténio Hospital — Oporto Hospital
Center.

Measurements

Creatinine and sodium were measured both in plasma and
dialysate. For creatinine, the Jaffé compensated method
was used. The dialysate creatinine concentration was cor-
rected for interference by glucose according to our labora-
tory standards. Sodium was measured using indirect ion-
selective electrodes. Effluent samples taken at 4 hour were
immediately stored at -70°C, until they were used to
measure HGE VEGF and CA125. Effluent CA125 was de-
termined with an electrochemiluminescence method on
an automated analyzer (COBAS e-411, Roche Diagnostics
GmbH). Effluent HGF and VEGF levels were determined
by ELISA technique according to the manufacturer’s
instructions (IBL — Immuno-Biological Laboratories Co.
Ltd). The intra and inter-assay variations were 8,8%% and
10,0%, respectively for HGF and 5,9%, and 9,4% for VEGF.
The sensitivity was 11 pg/mL for HGF and 1 pg/mL for
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VEGF. Both the assays are considered highly specific for
the cytokines, and no significant cross-reactivity was

observed.

Calculations

Patients were characterized by peritoneal transport status
as described by Twardowski et al. [17]. The MTAC . cauinine
was calculated by the simplified Garred model [18].

FWT and UF through the small pores (SPUF) at 60 mi-
nutes were calculated as we previously described [7].
Using a simple algorithm, we also performed a correction
for FWT as described by Venturoli and Rippe [19].

Statistical analysis

Except for time on PD, HGF, HGF/CA125 and VEGF/
CA125, all variables had normal distribution. Results are
expressed as mean + SD or as median and interquartile
range.

Pearson correlation analysis was used in order to ex-
plore possible relations between HGF (with logarithmic
transformation) and ultrafiltration profile, FWT and
small-solute transport.

For comparison of small solute transport, water trans-
port pathways and effluent markers between patients
with and without ultrafiltration failure, Mann—Whitney
U test was used.

In order to study our patients ultrafiltration failure
profile we made a comparison of small solute transport,
water transport pathways and effluent markers between
patients with FWT < 45% and D/P creinine = 0.81 and pa-
tients without FWT compromise and non-fast transport
category, using Mann—Whitney U test.

Unpaired Student t-Test or Mann Whitney U-test to
compare patients with FWT < 45% and FWT >45%, as
appropriate, according to the variables involved.

Results

Solute, fluid transport parameters and concentration of
cytokines in dialysate

Table 1 summarizes the peritoneal transport characteristics
evaluated with a combined (“two-in-one”) PET performed
in 68 study patients [35 men; mean age: 50 + 14 years; 14
patients were diabetic; 16 were anuric; 36 were on APD;
PD vintage 187 +23.5 months (range 1 — 121 months)].
According to small solute transport characteristics, 1 (1.5%)
patient was classified as slow transporter (D/Pcanine <
049), 10 (14.7%) as slow-average (0,50 < D/Pcpusinine =
0.64), 41 (60.3%) as fast-average (0,65 < D/Peainine = 0.80),
and 16 (235%) as fast transporters (D/Pcreatinine = 0.81).
Concerning water transport pathways, FWT accounted for
37.15% of the UF at 60 minutes, and once corrected (for so-
dium diffusion, cumulative UF volume through the large
pores, and cumulative lymphatic absorption at 60 minutes),
its contribution increased to a mean value of 45.46%.
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Table 1 Peritoneal transport characteristics and effluent
cytokines in 68 stable patients assessed during a 4-hour,
3.86% glucose peritoneal equilibration test with temporary
drainage at 60 minutes

Variable Mean+ SD Median (IQR 25%-75%)
Total UF at 4 h (mL) 669,12 + 226,76
SPUF (mL) 32336+ 129,34
FWT (mL) 183,26 + 63,02
FWTeorrectea(mL) 224,12 + 66,51
9%FWT 37,15+11,79
SFWTcorrected 4546 +11,11

D/P creatinine 076+0,12

MTAC ¢ paginine (ML/min) 11324714
Effluent HGF (pg/mL) 77,17 (68,83 — 94,31)
Effluent VEGF (pg/mL) 13,06 44,62

CA125 (U/mL) 1957 +11,31

5D =standard deviatior; UF = ultrafiltration; SPUF = UF through the small pores at
60 minutes; FWT = free water transport at 60 minutes; FWT yeces = FWT with an
algorithm corection according to Venturoli and Rippe [16] MTAC = mass transfer
area coeffident; D/P = dialysate-to-plasma ratio; HGF = hepatocyte growth factor;
VEGF = vascular endothelial growth factor; CA 125 = cancer antigen 125.

HGF correlations with ultrafiltration, FWT and small-solute
transport

HGF measured in the effluent significantly correlated
with total ultrafiltration at a 4 h, 3.86% glucose PET
(r=-0.358, p=0.003), with FWT (r=-0.407, p=0.001)
and MTAC caunine (r=0.355, p=0003). These correla-
tions were even stronger when we focused the analysis in
patients with ultrafiltration failure (Figures 1A,B,C). In
those patients, HGF exhibited a strong negative correl-
ation with total ultrafiltration and FWT (r=-0.802, p=
0009 and r=-0.690, p = 0.04, respectively) and a strong
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positive correlation with MTAC, cuynime (r=0.747, p=
0.021). No correlation was found between dialysate HGF
concentration and small pore water transport (neither in
global population, nor in the UFF group).

Patients with ultrafiltration failure compared with stable
patients

Among the 68 study patients, 9 (13.2%) had UFF (total
UF <400 mL/4 h). Although not statistically significant,
patients with UFF had been on PD for a longer time, had
higher D/Pecatinine and MTAC ;. cunine( Table 2). HGF con-
centration was significant higher in patients with UFF
(median 103.0 pg/mL IQR [79.8-110.8]) compared with
stable patients (median 77.1 pg/mL IQR [68.1-92.6], p =
0.018). Although not statistically significant, patients with
UFF had also a higher ratio HGF/CA125 (Table 2).

Ultrafiltration failure profile

From the 9 patients with UFE, 3 had a more severe profile
characterized by FWT compromise (FWT <45%) and in-
creased (D/Patinine = 0,81). Those patients had significant
lower ultrafiltration volume at a 4 h PET (166.7 + 57.4 mL
vs 375.0+41.8 mL, p=0.024), lower FWT quantification
(12867 £ 2650 mL vs 183511214 mL, p=0.024) and
higher MTACc catinine (25.40 £ 2,63 mL/min vs 9.62+
2.45 mL/min, p = 0.024) (Figure 2A,B,C). Although not sta-
tistically significant, patients with the more severe UFF pro-
file had also higher values of HGF measured in the effluent
(104.3 pg/mL vs 88.94 pg/mL, p =0.085) (Figure 2D).

Tree other patients showed a less severe UFF profile,
with increased effective capillary surface but preserved
FWT (>45%). And still 3 incident patients (3 — 6 months
on PD), were average transporters with preserved FWT,
in whom higher lymphatic absorption was by exclusion
presumed.
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Figure 1 HGF correlations with ultrafiltration, FWT and small-solute transport. (A) Correlation between effluent hepatocyte growth factor
(HGF) and total ultrafiltration at a 4 h, 3.86% glucose PET (UF240), in patients with ultrafiltration failure (Pearson r=-0802, p=0.009); (B)
correlation between effluent hepatocyte growth factor (HGF) and FWT corrected according to Venturoli and Rippe [16], in patients with
ultrafiltration failure (Pearson r=-0690, p =0:04); (C) correlation between effluent hepatocyte growth factor (HGF) and creatinine mass transfer
area coefficdent (MTAC astinine), In patients with ultrafiliration failure (Pearson r= 0747, p=0021)
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Table 2 Comparison of small solute transport, water
transport pathways and effluent markers between
patients with and without ultrafiltration failure

Patients with UFF Patients without UFF
Mean + SD Median  Mean * SD Median

(IQR 25-75%) (IQR 25-75%)
Patients (n) ] 59
Time on PD (months) 60 (40 - 35.5) 70 (4.0 - 270)
Total UF at 4 haur (ml) 30656 + 11304 72458 +184.38°
SPUF (mL) 102,80 + 59413 34327 4125 68°
FWT (mL) 134.89 +3507° 19064 +63.25°
FWT copacse (ML) 165.22 +3193° 23310 +65.95°
YFWT 4187 +1307 3643 £11.53
FWT, racred 511641220 4459+ 10.77
DVP creatinine 081+0.12 075011
MTAC ¢ aatnine (ML/min) 1488 +823 1078 + 687
Effluent HGF (pg/mL) 10301 (7983 - 11078)% 77.07 (68,05 - 92.58)"
Fffluent VEGF (pg/ml) 1510+ 568 1379+ 482
CA125 (U/mL) 2463 +1963 1889+ 075
HGF/CA12S (pa/U) 622 (228 - 8.27) 464 330 - 636)
VEGF/CA125 (pg/U) 070 (053 - 139 076 (0.54 - 1.08)

5D =standard deviatiory UF = ultrafiltration; SPUF = UF through the small pores at
60 minutes; FWT = free water transport at 60 minutes; FPWT ameces = FWT with an
algorithm correction according toVenturoli and Rippe [16]; MTAC = mass transfer
area coefficient; D/P = dialysate-to-plasma ratio; HGF = hepatocyte growth factor;
VEGF = vascular endothelial growth factor; CA 125 = cancer antigen 125,
“Mann-Whitney U test p <0.0001, comparing patients with and without
ultrafiltration failure.

“Mann-Whitney U test p = 0,006, comparing patients with and without
ultrafiltration failure.

“Mann-Whitney U test p=0.002, comparing patients with and without
ultrafiltration failure.

“Mann-Whitney U test p=0.018, comparing patients with and without
ultrafiltration failure.

FWT profile in patients without UFF

From the 59 studied patients without UFF, 33 had a
FWT <45%. Those patients had a mean UF volume at 4 h
PET equivalent to patients with FWT > 45% (Table 3). Al-
though not statistically different, patients with FWT = 45%
had higher effluent HGF, when compared with patients
with FWT > 45%. In spite of higher effluent HGF concen-
tration, the HGF/CA125 ratio was significantly lower in
patients without UFF and FWT =45% compared with pa-
tients without UFF and FWT >45% (3.65 IQR [ 2.96-5.60]
vs 5.19 IQR 4.02-8.37], p = 0.014).

Discussion

To our knowledge, the present study is the first to report
a clinical significant relation between HGF measured in
the effluent and ultrafiltration profile, FWT quantifica-
tion and small-solute transport in peritoneal dialysis pa-
tients. Since HGF is involved in the process of peritoneal
submesothelial fibrosis [12,13], this study also suggest
some structural-functional correlations.

Page 4 of 8

Although impaired FWT is frequently associated to
aquaporin dysfunction, several studies provided indirect
evidence that FWT can also be impaired in situations of
decreased peritoneal water permeability due to interstitial
changes, especially in long term patients [6]. Simulations of
osmotic ultrafiltration failure in CAPD using a serial three-
pore membrane/fiber matrix model [14] documented the
uncoupling of small solute transport from LpS in computer
simulations of UFE, whenever changes both in vasculature
and in interstitium are taken into account, supporting fur-
ther the role of the peritoneal membrane interstiium in
fluid transport. Moreover, Devuyst and Rippe stated in a
recent review [16] that reduced LpS in long-term PD has
been attributed to reductions in AQPl-meditated water
transport, but it might also be the result of a combination
of increased vascularization and fibrotic scar tissue in the
peritoneum.

When we analyze the reasons for UFF in our study we
distinguish 3 groups of patients. Three had a more se-
vere profile characterized by FWT compromise (FWT
=45%) on top of increased effective capillary surface, also
with higher values of effluent HGF. Three patients pre-
sented an increased effective capillary surface but FWT
was not impaired. Another 3 incident patients were aver-
age transporters with normal FWT. A high effective
lymphatic absorption rate could be the reason for UFF
in those incident patients since high lymphatic absorp-
tion is recognized to be mostly a cause of inherent UFF
[5]. This variability in UFF patterns that we found was
also documented by Waniewsky et al. [15] that recog-
nized that UFF due to high peritoneal absorption could
be associated with normal or decrease fractional contri-
bution by transcellular pores to hydraulic conductivity.
It is noteworthy that mean HGF in those 3 patients
(with a functional UFF) was significantly lower com-
pared with the 3 patients that had impaired FWT [77.84
(67.9 — 79.8) vs 1043 (103.7 — 147.16), p = 0.05].

In contrast with previous studies [4,6,20], MTAC . carinine
was higher but not statistically different between patients
with and without UFF. This is due to the presence of
many incident fast transporters (mean time on PD 6+
4 months) in the non UFF group.

Report and interpretation of causes of UFF as well as
absolute and fractional FWT may vary according to the
PD vintage. Our results are in accordance with Parikova
et al.,, [6] that documented an early stage UFF associated
with decrease of absolute FWT dependent on increased
effective capillary surface without significant decrease of
FWT contribution, while later the loss of osmotic con-
ductance to glucose lead to a significant decrease of
FWT fraction. In fact, all 9 patients with UFF had a sig-
nificant decrease in absolute FWT compared with pa-
tients without UFF, but only 3 had a reduction in FWT
contribution to 60 minutes ultrafiltration.
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Figure 2 Ultrafiltration failure profile. Comparison within patients with UFF, between 6 patients with non compromised FWT and non fast
transporters versus 3 patients with FWT < 45% and fast transporters: (A) Total ultrafiltration at a 4 h, 386% glucose PET (375.0+ 4183 mL vs
16667 +57.74 ml, p=0024). (B) FWT guantification at 60 minutes in a 4 h, 3.86% glucose PET (183.5+ 12,14 mL vs 12867 + 2650 mL, p=0024)
(€) MTAC - astinine (9.62 + 245 mL/min vs 2540 +2.63 mL/min, p = 0024). (D) Efluent Hepatocyte Growth Factor (8294 pg/mL vs 104.3 pg/mL,
p=0085). Box plot representation: 75% percentile, 25% percentile, median, and maximum and minimum values.

Moreover, our study adds further clinical evidence to
the recent report from Nakamura S. et al. [21]. Those au-
thors studied focal HGF expression in peritoneum biop-
sies of a small number of peritoneal dialysis patients, with
and without UFF. Although they did not measure dialysate
HGF concentration, they demonstrated an increased ex-
pression of HGF in peritoneal tissues of CAPD patients
with low ultrafiltration capacity compared with those with
a normal ultrafiltration profile. Given the already men-
tioned protective effects of HGF on peritoneal fibrosis
[11-13], we hypothesized that the increased peritoneal
HGF expression demonstrated by Nakamura S. et al. [21],
and the higher dialysate HGF concentration that we
found in our patients with UFF, can be seen as a react-
ive mechanism to peritoneal membrane lesion. This is

also supported by the fact that patients with more se-
vere forms of UFF (with FWT compromise besides an
increase in small-solute transport), presented higher di-
alysate HGF concentration.

The effluent HGF concentration on patients under PD
was addressed, until now, by one single clinical study [22].
However, Mizuiri S et al. [22], only compared dialysate
HGF concentration according to small solute transport
status, and found that fast transporters had higher effluent
HGF concentration compared with others small solute
transport categories, which we also reproduce (data not
shown). Unfortunately such study gave no information
about UFF or water transport pathways quantification.

As others [23] we also found significantly higher dialys-
ate VEGF concentration in fast transporters compared
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Table 3 FWT profile in patients without UFF: comparison
of small solute transport, water transport pathways and
effluent markers between patients with FWT < 45% and
FWT > 45%

Patients without ultrafiltration failure
Patients with FWT <45% Patients with FWT > 45%

Mean + SD Median Mean + SD Median

(IOR 25-75%) {IOR 25-75%)
Patients (n) 33 26
Time on PD 60 (4.0 - 190) 85 (5.0 - 30.25)
(months)
Total UF at 4 hour 73939+ 210,56 70577 + 146,51
(mL)
SPUF (ml) 4129+ 108,54° 25481 + 83,74
FWT (mL) 17342 +60.43° 21250 + 60,98°
FWT correcrealml) 22151 +66.11 24781 +63.97
SFWT 2910 +6.50° 457449, 66°
FWT oneced 3756 +562° 5352 + 8,06
D/P Crastinine 076 +0.08 073 +0.14
MTAC ¢ restinine 1045 +5.14 1120+ 869
(mL/min)
Effluert HGF 77.17 (68.42 — 93.89) 7580 (6647 — 86.51)
(pg/mL)
Fffluent VEGF 1419+ 496 1328+ 468
(pg/mL)
CA125 (U/mL) 2228 410,907 1456 45,827
HGF/CA125 (pg/U) 365 (2.96 — 560) ° 519 (4.02 -837) ¢
VEGF/CA125 (pg/l) 068 (0.51 — 050) 089 (0.67 - 1.29)

Variables presented as mean + SD or median (interquartile range) accordingly. SD
= standard deviation; UF = ultrafiltration; SPUF = UF through the small pores at

60 minutes; FWT = free water transport at 60 minutes; FWT ormeaes = FWT with an
algorithm correction according to Venturoli and Rippe 161 MTAC = mass transfer
area coefficent; D/P = dialysate-to-plasma ratio; HGF = hepatocyte growth factor;
VEGF = vascular endothelial growth factor; CA 125 = cancer antigen 125.

a) T-test p <0.0001, comparing patients with FWT < 45% and FWT > 45%.

b) T-test p=0.017, comparing patients with FWT =< 45% and FWT > 45%.

) T-test p=0001, comparing patients with FWT < 45% and FWT > 45%.

d) Mann-Whitney U test p= 0014, comparing patients with FWT < 45%

and FWT > 45%.

with non-fast transporters (data not shown). Although it
remains uncertain if this increase in VEGF production cor-
responds to an increased production of intraperitoneal
vasoactive substances, as might occur in incident fast trans-
porters, or if it is the result of epithelial-to-mesenchymal
transition, dialysate VEGF was not discriminative of UFF.
On the contrary, effluent HGF was informative not only
about UFF but also highlighted more severe UFF profile,
with FWT compromise.

We are aware that the mass of mesothelial cells could
affect the levels of intraperitoneal growth factors in PD pa-
tients. Although there are some controversies about the
use of CA125 as an index of mesothelial cells mass or their
functional properties [24-26], we also documented a higher
HGF/CA125 ratio in UFF patients compared with stable
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patients, indicating a reactive increased HGF production
beyond that we would expect for the mesothelial cell mass.

Since there are no clinical studies that had examined
plasma and effluent HGF, and we found a correlation with
small-solute transport, we might question whether effluent
HGF concentration could depend on plasma HGF levels.
We think that this is not plausible for various reasons.
First, the peritoneal permeability is expected to be poor,
since HGF is a heterodimeric molecule composed of a 69
KDa alpha subunit and a 34 KDa beta subunit. Second
and mostly important, human peritoneal cells constitu-
tively synthesized HGF [13]. For these reasons, we believe
that the HGF protein detected in the effluent is locally
produced.

The use of effluent biomarkers as an early sign of peri-
toneal membrane alterations is currently under debate
[27-29] specially because clinical factors cannot give an
accurate individual prediction for EPS [30].

In a very recent report [27], MCP-1, IL-6 and CCL15
were found at higher levels in the dialysate of patients who
subsequently developed EPS. However, by logistic regres-
sion analysis, these cytokines did not improve prediction
of future EPS above known clinical factors, as PD vintage
and peritoneal small solute transport. On the contrary,
Sampimon et al. [28] concluded that dialysate appearance
rate of CA125 and IL-6 combined was potentially useful
for an early diagnosis of EPS. None of these studies ex-
plored the associations between the cytokines measured in
the dialysate and ultrafiltration or water transport path-
ways in a peritoneal equilibration test. These would be of
great importance as we know that in the 2 years that pre-
cede an EPS diagnosis, a proportion of patients with EPS
present an uncoupling between the membrane ultrafiltra-
tion capacity and the peritoneal membrane small solute
transport [30]. This fact gives even more strength to the
necessity of finding a biomarker that correlates both with
ultrafiltration and with water transport pathways, and not
only to the membrane small solute transport status. HGF
can be easily measured, without specific preparation of the
dialysate sample, by commercially available highly specific
assay (IBL-Immuno-Biological Laboratories Co.Ltd), with
acceptable inter-assay variability (10%); it is constitutively
synthesized by human peritoneal mesothelial cells, blocks
high glucose-induced epithelial-to-mesenchymal transition
(EMT) and was implicated in the inhibition of the trans-
forming growth factor Pl signaling, ameliorating peri-
toneal fibrosis in an ex-vivo study [13]. According to our
present investigation, dialysate HGF concentration in-
creases as ultrafiltration decreases in a 4-hour, 3,86% glu-
cose PET. The fact that dialysate HGF concentration is
even higher among patients with FWT compromise and
fast transport status increases the likelihood of effluent
HGF concentration being related with peritoneal deterior-
ation, as a reactive repairing mechanism, and not with a
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functional characteristic, as for example an higher effective
lymphatic absorption rate, hardly measurable in clinic.

In this study we reported a mean FWT,  .ceq fraction
of 45%, which is in line with our previous studies [7], and
with the FWT fraction reported by La Milia [31]. A
FWT <45% is clinical relevant in patients with UFF, since
it may signalize aquaporin dysfunction or interstitial fibro-
sis with glucose osmotic conductance compromise, with
important repercussions for PD prescription. However,
there is no knowledge yet about the clinical value of FWT
fraction on patients without UFF. We think that this is an-
other relevant aspect of our investigation: although we did
find that patients without UFF but with FWT fraction
<45% had higher dialysate HGF concentration compared
with patients with preserved FWT fraction, the first group
had a significant lower mean value of HGF/CA125 ratio
compared with the second one. This trend is completely
different from that we observed in patients with UFF, in
whom we found a higher HGF/CA125 ratio. We hypothe-
sized that this may represent an intermediate level of peri-
toneal dysfunction, where the patient may already have
interstitial changes that lead to a reactive increase in HGF
production, while not severe enough to present as UFF. At
this point, those patients may still have a preserved meso-
thelial cell mass which explains the lower HGF/CA125 ra-
tio that we found in this group. Aging, uremia, diabetes are
indeed often associated with membrane changes already at
PD start possibly justifying in some patients selective FWT
compromise in absence of clinically relevant UFF [32-35].

Our study is limited by its cross sectional design and
small number of patients with UFF. A longitudinal study
is being conducted in order to document the dynamic
profile of HGF production and its relationship with peri-
toneal membrane water transport changes. More studies
are needed to increase the knowledge on HGF clinical
value, in patients under PD, as it may possibly point to
new diagnostic opportunities and therapeutic avenues in
the ultrafiltration failure field.

Conclusions

Since HGF ameliorated peritoneal fibrosis in an ex-vivo
study [12], a clinical study as ours looks opportune. Our
results demonstrated, for the first time, that dialysate
HGF concentration is significantly higher among pa-
tients with ultrafiltration failure, specially if free water
transport is impaired, being an useful marker of progres-
sive peritoneal deterioration.
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VI — General Discussion

e Predictors of residual renal function loss and phosphate handling in peritoneal
dialysis.

e Nutrition and body composition in contemporary peritoneal dialysis patients:
clinical relevant associations.

¢ Nutritional status and adipokines in peritoneal dialysis patients: relationship with
cardiovascular events.

¢ Insulin resistance in non-diabetic peritoneal dialysis patients: associations with
body composition but not with peritoneal glucose absorption or peritoneal
membrane fast transport status.

e Peritoneal membrane functional evaluation: free water transport quantification
and the potential value of effluent hepatocyte growth factor to timely

characterize peritoneal membrane dysfunction.

e Future investigations.
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VI. GENERAL DISCUSSION

The number of end stage renal disease patients treated by peritoneal dialysis (PD) has
increased over the last years, all around the world (1). The clinical outcomes in patients under
PD improved in the last decade (2, 4), and the most recent studies comparing survival in
peritoneal dialysis and hemodialysis showed similar outcomes in the first years of end stage
renal disease therapy (2-5). In spite of being a successful end stage renal disease therapy,
there are inner aspects of the technique that require additional investigation, in order to
improve further patient’s clinical outcomes, such as metabolic derangements and the systemic

impact of the functional characteristics of the peritoneal membrane.

We developed a series of cross sectional and prospective clinical researches, in order
to investigate the systemic impact of intrinsic aspects of the peritoneal dialysis technique, such
as peritoneal membrane transport status, peritoneal glucose absorption and peritoneal dialysis
modality, on residual renal function, phosphate control, body composition and insulin
resistance development in a population of incident and prevalent patients under peritoneal
dialysis. At the same time, since the filter is a determining interface between the external
technique and the internal milieu, this thesis focused also the functional evaluation of the
peritoneal membrane, by establishing a new peritoneal equilibration test capable of evaluate
simultaneously small-solute transport and water transport pathways, enabling us to diagnose
the most common causes of ultrafiltration failure in our patients. We also explored new
peritoneal effluent biomarkers that could timely signalize peritoneal membrane deterioration,

even before clinically relevant ultrafiltration failure develops.

Predictors of residual renal function loss and phosphate handling in peritoneal

dialysis

Residual renal function (RRF) plays a major role in dialysis patients, whichever the
modality, but has been much more focused in PD with impact in patient’s survival (13-15). For
that reason, determining the factors that affect its loss has become an important issue in the
care of PD patients. Larger body mass index, diabetes, peritonitis episodes, peritoneal
membrane fast transport status and the use of automated peritoneal dialysis (APD) are some
of the factors that have been previously associated with residual renal function loss in PD (18-
20). However, results are not consensual and studies frequently exclude patients with a failed
renal graft, which has becoming one of the most frequent causes of dialysis initiation (131).
We have evaluated 148 patients consecutively admitted and treated in our Unit, and we have

explored the factors conditioning RRF decline in our population (chapter V.I). Our results
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reproduce a previous report from Liao et al. (18), since diabetes was the major determinant of
RRF decline in the studied population. Importantly, we could not find any association between
RRF loss and peritonitis rates, peritoneal membrane fast transport status, neither with APD
use in our population, replicating the findings in previous studies (18, 132, 133). Contradictory
results have been reported concerning RRF decline in patients that initiate peritoneal dialysis
after a failed renal transplant. Sasal et al. (134) and Davies et al. (135) reported a more rapid
loss of RRF in these patients, compared with patients that have never undergone kidney
transplantation. We, like de Jonge et al. (136), found no difference in the decline of RRF
between patients starting PD after renal transplant failure and patients starting PD as their first
renal replacement therapy. Although the small sample size of the PD after renal transplant
group could have precluded a statistically significant difference, we hypothesized that our
policy of slowly tapering the immunosuppressors (immediate withdrawal of the anti-proliferative
drugs, but slow reduction of calcineurin inhibitors and prednisolone over several months),

presumably protects renal graft function.

The robust relationship seen between RRF and survival on PD may be also partially
explained by the improved control of serum phosphate levels evidenced in patients with
preserved RRF (22), since a strong correlation between residual renal function and serum
phosphate concentration has been reported (137). Our study on phosphate handling in PD
patients (chapter V.lI), reproduced the results from Wang study (22), as hyperphosphatemia
was present in 43.6% of our anuric patients versus 24.2% in patients with RRF (P=0.002), and

RRF was the only independent predictor of hyperphosphatemia in the 264 studied patients.

Hyperphosphatemia is a common clinical finding in patients with CKD under dialysis,
and has emerged as an important factor for cardiovascular mortality in these patients (23-25,
138-141). Mechanistically, the link between hyperphosphatemia and mortality has been
attributed to the disseminated vascular calcifications (142) and to several hemodynamic
disturbances including ventricular hypertrophy, increased blood pressure, increased cardiac
work and high arterial tensile stress (143). These findings raise the issue of whether dialytic
phosphate removal might provide a more relevant direct measure of dialysis efficacy and
adequacy than urea and creatinine clearances, especially when residual renal function is lost.
In fact, when we focused on anuric patients, peritoneal membrane creatinine transport status
was not a significant predictor of hyperphosphatemia, but peritoneal membrane phosphate
transport status (D/P phosphate) was. This is another relevant clinical input of our
investigation: although peritoneal phosphate clearance was more closely related with
peritoneal creatinine clearance than with urea clearance, D/P creatinine was not a sufficiently

accurate measure to classify patients for peritoneal membrane phosphate transport status, as
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the characterization of patients concerning phosphate and creatinine transport was quite
different (47.4% patients were fast/fast average transporters according to phosphate transport,
but 74.2% were fast/fast average transporters according to creatinine transport). The fact that
phosphate is mainly an intra-cellular ion (with a slow intra-extra cellular solute transfer rate);
15% to 20% of phosphate is protein bound and 5% complexes with other ions; its transport
depends on osmotic, chemical and electrical gradients and also trans-membranous active
phosphate transporters; and the aqueous layer that surrounds the phosphate molecule, may
be some of the reasons why phosphate apparently reaches a slowly equilibration across the

peritoneal membrane than creatinine (144-146).

Few studies have compared peritoneal phosphate clearance according to peritoneal
dialysis modality, and the results were not consensual (147-149). These previous studies were
limited by small sample size and no adjustment for peritoneal membrane transport category.
Sedlacek et al. (147) and Badve et al. (148), reported that phosphate clearance is higher in
fast transporters compared with slow transporters in CAPD and APD, when peritoneal
transport status is defined according to Twardowski categories of D/P creatinine (103) in a 4-
hour, 3.86% glucose PET. Our study (chapter V.ll) expands on the work of these groups,
because we compared phosphate clearance between CAPD and APD, by adjusting for
peritoneal membrane phosphate transport category. Our data suggests that peritoneal
membrane phosphate transport status should be considered in order to optimize PD
prescription, as CAPD was associated with a significant increase in phosphate clearance of
13.6% among slow-average transporters, and 38.4% among slow transporters, compared with
APD.

Our clinical investigation also suggest that focusing only on urea and creatinine for
assessment of dialysis adequacy may not result in an adequate clearance of phosphate. In
fact, although more than 97% of our anuric patients had a peritoneal Kt/V of 1.7 or greater,
and 83.3% had a peritoneal creatinine clearance equal or superior to 45L/wk per 1.73m?
[complying with the International Society for Peritoneal Dialysis guidelines on PD adequacy
(21)], 43.6% of them had hyperphosphatemia, which might be amenable by adjusting PD
prescription to peritoneal membrane phosphate transport rate, since 80% of them were

slow/slow-average phosphate transporters, 50% of whom were on APD.
Smaller studies later published (150, 151), reproduced our conclusions.

Our clinical investigation did not assessed particularities of dialysis prescription, as the
effects of tidal regimens, dwell times or number of cycles. Phosphate binding prescription was

also not included, however the lack of correlation between indirect protein intake (nPNA) with
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serum phosphate levels, the universal uncertainty about phosphate binder accomplishment,

and the fact that we focused on peritoneal phosphate elimination minimizes this limitation.

Nutrition and body composition in contemporary peritoneal dialysis patients:

clinical relevant associations

Protein-energy wasting is common among end stage renal disease patients (81, 82),
and is an important predictor of mortality in this population (12, 83). The first studies that
compared nutritional status in patients under different dialysis modalities concluded that
protein-energy wasting was more prevalent in PD patients, based mostly on albumin serum
levels and BMI (84). Although a predictor of all-cause mortality in patients under dialysis,
hypoalbuminemia itself does not necessarily indicate protein wasting, as several other non-
nutritional factors may contribute to lower serum albumin levels in chronic kidney disease
patients (152-155). It is known that PD patients can lose 6 to 8 grams/day of protein, primarily
albumin, through the peritoneal membrane. However, there is insufficient evidence that these
peritoneal protein loses contribute to protein-energy wasting, and the evidence is inconsistent
about their association with cardiovascular events or all-cause mortality (156). In line with this
view, an observational cohort study of dialysis patients, undertaken to determine the survival
predictability of serum albumin level in peritoneal dialysis and hemodialysis patients,
concluded that serum albumin predicts all-cause, cardiovascular and infection-related
mortality, both in PD and HD patients, but the threshold at which the risk of death increases
varies by dialysis modality, being 0.2 to 0.3 g/L lower in PD patients, than for patients

undergoing maintenance hemodialysis (85).

According to the most recent diagnostic criteria for protein-energy wasting in CKD
patients (81), we performed a cross sectional study in order to evaluate nutritional status and
the prevalence of overweight/obesity in a group of 57 PD patients in treatment in our Unit
(chapter V.1II). To evaluate our patient’s nutritional status, we performed subjective global
assessment (SGA), anthropometric measurements, and we applied a nutrition status score
based on serum chemistry (albumin and total lymphocyte count), body mass (BMI, percentage
of ideal body weight, triceps and subscapular skinfold thickness and subjective physical
examination) and muscle mass (mid-arm muscle circumference and subjective physical
examination). By SGA, 70.2% of our patients were classified has having a normal nutritional
status, and none had severe protein-energy wasting. According to the nutrition status score
(NSS) applied, only 7% of the patients were mildly-to-moderately malnourished. The results

obtained with SGA and NSS were corroborated by anthropometric measurements (compared
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to an age and gender matched population), since 77.2% of our patients had a triceps skinfold
thickness higher than the percentile 15™, and a similar result was obtained for mid-arm muscle
circumference (80.7%). Our results were somehow latter corroborated by a recent published
study that evaluated the body composition of a large number of patients under dialysis (88).
That study evidenced that patients under PD maintained a better nutritional status in terms of
lean body mass than their matched paired HD patients, who presented significant lower values
of body cell mass and lean tissue index, measured by bicimpedance analysis (88). Contrary
with the first studies on nutritional status assessment in patients under peritoneal dialysis (84),
our clinical investigation has evidenced that PD patients seem to be relatively protect from
catabolism as malnutrition is not, nowadays, a common situation in patient under PD (chapter
V.11,

According to BMI, 43.9% of the patients evaluated (chapter V.lII) were overweight (BMI
> 25Kg/m?) and 7% were obese (BMI = 30Kg/m?). We found no association between
overweight/obesity and demographic or modality related factors, neither with fast transport
status. We also found no differences in C-reactive protein, between patients classified as
overweight/obese and normal-weight patients, although we found significant higher serum
homocysteine, higher triglycerides and higher total cholesterol/HDL cholesterol ratio in
overweight/obese patients. As we, other authors (35, 36) documented a high prevalence of
obesity in PD patients, which reinforce the results that we obtained in this clinical investigation.
Low BMI is recognized to be strongly associated with worse outcome in HD patients, because
it reflects a poor nutrition status, in a relation known by reverse epidemiology. In PD field, there
are contradictory results about the impact of obesity in patient’s outcomes (54, 157, 158). The
potential atherogenic profile that we documented in the overweight/obese group allows us to
hypothesize that, as in general population, obesity may be a potential risk factor for
cardiovascular disease in PD patients. This hypothesis led us to perform a second
investigation, in order to understand the association between nutritional status and

cardiovascular disease in patients under PD (chapter V.IV.I).

In a second clinical investigation, performed in a different PD cohort (chapter V.IV.I),
we reproduce our previous observation that overweight is widely prevalent in PD patients,
since 40.9% of the studied patients were overweight and 10.6% were obese. Being a simple
and accessible tool to characterize obesity, it is recognize that BMI does not differentiate lean
mass, fat mass and extracellular water. As it is known that PD patients (while maintaining BMI)
can present simultaneous changes is nutritional status, body fat content and hydration status
(159), that differently impact on outcome, we wanted to improve our knowledge on this field.

For that reason, we performed additionally a full body composition assessment of our patients,
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using multifrequency bioimpedance (BCM, Fresenius Medical Care, Bad Homburg, Germany).
According to the percentage of relative fat mass assessed by bioimpedance analysis, women
were classified as obese it they presented a relative fat mass above 30%, and men were
classified as obese if their relative fat mass was superior to 25% (56). The results obtained
have clearly demonstrated that our real obesity prevalence was even higher than when we
used BMI classification, as 73.4% of our patients had a relative fat mass above the previously
mentioned cut-offs. Using a clinically applicable “bedside” validated method to characterize
relative fat mass, we were able to demonstrate that BMI clearly underestimates obesity
prevalence in PD patients. Our results corroborate a clinical investigation that documented that
a BMI < 30 Kg/m?does not exclude the presence of obesity, in a group of incident and prevalent
patients under hemodialysis, evaluated by anthropometry (57). In a third clinical investigation
performed to assess insulin resistance, in a group of 51 non-diabetic patients currently
receiving treatment in our Unit (chapter V.IV.II), we obtained similar results concerning obesity
evaluation, since 33% of the studied patients were considered overweight and 6% were obese
according to the BMI, but according to bioimpedance analysis, the prevalence of obesity was

much higher, being 49%, according to the previously mentioned cut-offs of relative fat mass.

It is important to emphasize that, the bioimpedance method applied (Body Composition
Monitor — Fresenius Medical care, Bad Homburg Germany), was validated by isotope dilution
methods (124), by accepted reference body composition methods (127) and by extensive
clinical assessment of the hydration state (126). We performed bioimpedance analysis in the
morning of the PET, and we only considered valid measurements that simultaneously
presented high quality (>90%) and lower error percentage (<35%), showing, in the device
monitor, an inverted U curve. Currently, there is some debate about the patient’s conditions in
time of measurement of body composition by bioimpedance, namely whether the presence of
intraperitoneal effluent could interfere with the results obtained. Based on a critical review of
the most recent literature, we believe that the presence or absence of PD fluid in the abdomen
does not influence the readings of hydration status or nutrition parameters. The reason for that
assumption is based on the fact that due to bio-physical reasons, bioimpedance spectroscopy
does not measure sequestered fluid in the trunk (127, 160). The issue about differences in
hydration status due to the presence of PD fluid in the abdomen was specifically addressed by
two recent studies (161, 162). Both studies evidenced that the difference in fluid overload and
extracellular water/total body water ratio measured was negligible, neither statistically nor
clinical significant, when the measurements were performed first in patients with 2 liters of
glucose solution in the peritoneum, and then after the solution was drained. It is also important

to emphasize that no study using the body composition monitor device has ever showed any
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difference in lean body mass, in body cell mass or fat mass readings, according to the
presence or absence of peritoneal dialysis solution in the abdomen. In fact, in a recent clinical
investigation, Arroyo D. et al. (128), clearly demonstrated that intracellular water, lean tissue
mass, lean tissue index, fat tissue mass, fat tissue index, body cell mass and adipose tissue

mass remained unaffected by abdominal content.

Glucose remains the most common osmotic agent used in PD solutions because of its
low price, proved efficiency and easy metabolism. However, there is the fear that with time on
PD, peritoneal glucose absorption would lead to obesity, dyslipidemia and insulin resistance
aggravation (34). In line with this view, fast transporters could be even more problematic, since
they present a more rapidly absorption of the glucose present in the dialysis solutions (163).
We have carefully explored the possible associations between daily peritoneal glucose
absorption and small solute transport status with obesity, in two different clinical investigations
(chapters V.IV.I and V.IV.II). The results obtained were similar and clearly demonstrated the
lack of association between peritoneal glucose absorption and obesity, and are corroborated
by two other contemporaneous clinical investigations (36, 164). We also did not found any
association between fast transport status and obesity, in none of our clinical researches
(chapters V.11, V.IV.l and V.IV.1I), meaning that fast transporters can be adequately managed
in PD without becoming obese, by using an individualized prescription that matches the

patient’s peritoneal membrane characteristics.

Nutritional status and adipokines in peritoneal dialysis patients: relationship

with cardiovascular events

Cardiovascular disease is the leading cause of death in peritoneal dialysis patients
(165, 166), and its association with nutritional status has not been sufficiently investigated and
clarified. Protein-energy wasting, inflammation and atherosclerosis are closely linked in chronic
kidney disease patients, in an association known by malnutrition-inflammation-atherosclerosis
(MIA) syndrome (82). Patients with MIA syndrome are more prone to suffer from cardiovascular
events than patients with a normal nutrition status (83). For another hand, the associations
between obesity and cardiovascular events are well characterized in general population, but
remain largely unexplored in CKD patients under PD. With the aim of clarifying the associations
between cardiovascular events and body composition and adipokines profile in PD, we
conducted a prospective study including 66 prevalent patients of our Unit, followed for
47.0£28.2 months (chapter V.IV.I).
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Our study (chapter V.1V.1) brings some light into the conflicting results about the impact
of nutritional status in PD patient’s outcomes, concerning new cardiovascular events. As we
mentioned before, we registered an elevated prevalence of obesity in the studied population
(73.4%), in line with our (chapter V.III), and others (36) previous researches, and a relatively
low prevalence of protein-wasting (36%). Patients who presented a cardiovascular event,
during the follow-up period, were older and had a higher relative over-hydration percentage,
compared with patients that were free of events, which was expected (167). Concerning body
composition assessment, there were no differences in lean tissue index and body cell mass
between patients with and without cardiovascular events, and the percentage of patients with
protein-wasting classified by bioimpedance analysis was similar between the two groups
(43.8% vs 35.4%, P=0.565). Contrary to the results obtained concerning lean body mass, fat
tissue index was slightly higher among patients with cardiovascular events, and the percentage
of obese patients according to relative fat mass was also significantly higher in this group
(93.8% versus 66.7%, P=0.029).

Knowing, from our previous studies (chapter V.III), that obesity is widely prevalent in
contemporaneous PD populations, we hypothesized that adipokines could be useful markers
to predict cardiovascular events in these patients. Adipose tissue is now considered an active
endocrine organ, and numerous adipokines have been implicated in the pathogenesis of
chronic inflammation and insulin resistance associated with obesity. In vitro and animal studies
evidenced that leptin has different atherogenic properties, and that adiponectin is an insulin-
sensitizing, anti-inflammatory and anti-atherogenic adipokine (40, 41). Few studies performed
on CKD patients have addressed the adipokines impact on outcome, with conflicting results
(74-77, 168) and, until know, only two have specifically studied PD patients (70, 78). However,
none of the mentioned studies considered the nutritional and hydration status of the patients,
which could explain the contradictory results obtained, since besides the well-known
association between adipokines and fat mass (40), high adiponectin and low leptin can both

reflect wasting, and overhydration can alter the normal regulation of adiponectin (72, 73).

One of the most important results of our clinical investigation was to document that
patients who presented cardiovascular events were mostly obese and had also a significant
higher leptin/adiponectin ratio. However, contrary to Park et al. (70), we were only able to
document such result on adipokines ratio, once we exclude from the analysis patients with
protein-wasting. Our study also puts on evidence the fact that protein-wasting is a confounding
variable that affects adipokines production, since we were able to demonstrate that both
relative fat mass and lean tissue index were independent predictors of leptin/adiponectin ratio,

after adjusting for peritoneal glucose absorption. Our results demonstrate that obesity
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associates with higher leptin levels and lower adiponectin levels that will translate into a higher
leptin/adiponectin ratio. The opposite situation of protein-wasting is characterized by a lower
leptin value and a higher adiponectin value that will translate into a lower leptin/adiponectin
ratio. Given the clear biologic evidence that leptin and adiponectin have opposite effects on
cardiovascular system, we may hypothesized that in PD patients without protein-wasting, a
higher leptin/adiponectin ratio is a predictor of cardiovascular events, being an atherogenic

index in this population.

We have also explored the potential role of peritoneal glucose absorption and
peritoneal membrane small solute transport status on obesity (has mentioned before), and on
cardiovascular events. Although appealing, once more, we could not find any association
between peritoneal glucose absorption and fast transport status with obesity, which
reproduces our previous observation (chapter V.III). Concerning cardiovascular events, we
were also not able to document any association with peritoneal glucose absorption or with
membrane transport characteristics. Concerning peritoneal glucose exposure, a recently
published study concludes that high glucose concentrations in peritoneal dialysate are
associated with all-cause and cardiovascular mortality, in a group of patients under continuous
ambulatory peritoneal dialysis (169). However, the authors could not assess if the association
found with cardiovascular mortality is explained by the potential deleterious systemic effects
of glucose itself, or by the clinical situation underlining the necessity to use more hypertonic
glucose. In fact, the authors hypothesized that the association found is explained by the fact
that peritoneal glucose potentially leads to metabolic syndrome development that will translate
into a higher cardiovascular mortality. However, the nutritional status of the population studied
was not evaluated, body composition was not assessed, effective peritoneal glucose
absorption was not measured, and they gave no information about the prevalence of metabolic
syndrome in their population. They have performed an analysis on the independent risk factors
associated with the use of higher dialysate glucose concentrations. They found that older
patients, with lower residual renal function and with a higher small solute transport rate were
more likely to require a high glucose load in terms of PD prescription. It is known that older
patients (170), with RRF loss (171) and fast transporters under CAPD (172) can be prone to
overhydration, which is a well-known condition that predicts higher cardiovascular mortality in
patients under dialysis (167). In line with this view, the association found between high glucose
in the dialysate and cardiovascular mortality could be explained through overhydration, instead
of being a direct consequence of the potential deleterious systemic effects of glucose, that

were not effectively measured in this study.
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There is uncertainty about the clinical outcomes of fast transporters in peritoneal
dialysis. Although the last meta-analysis published has demonstrated that a higher peritoneal
membrane solute transport rate is associated with a higher mortality (29), other recent studies
concluded that the use of continuous cycling peritoneal dialysis seems to offset some of this
negative effect on mortality (27, 28, 173, 174). In line with this view, we were not able to find
any association between fast transport status and higher cardiovascular events. Our policy to
treat fast transporters mostly using APD, with short dwells and using icodextrin for the long
dwell, may explain the similar clinical outcomes of our patients, independently of their

peritoneal membrane small solute transport characteristics.

Insulin resistance in non-diabetic peritoneal dialysis patients: associations with
body composition but not with peritoneal glucose absorption or peritoneal membrane

fast transport status

With time on PD, obesity and insulin resistance aggravation are two feared systemic
consequences of peritoneal glucose absorption, especially in patients who present a peritoneal
membrane fast transport status. The associations of insulin resistance with clinical outcomes
in PD were recently investigated (65, 175), but these two studies presented contradictory
results. Besides, none of these studies has clarified the impact of body compaosition, nutritional
status or other factors related with PD prescription, on insulin resistance development, which
is a meaningful clinical question, since without these relevant information doctors cannot
develop a successful strategy in order to ameliorate insulin resistance in their patients. Another
relevant clinical issue, not sufficiently clarified, is the impact of peritoneal membrane fast

transport status and glucose absorption on insulin resistance.

The results of our clinical investigation (chapter V.IV.Il), evidenced that insulin
resistance is prevalent even in non-diabetic patients on peritoneal dialysis. It also brings some
light into the factors responsible for insulin resistance in patients under peritoneal dialysis,
enhancing the role of obesity and adipokines in this population, as fat tissue index and
leptin/adiponectin ratio were significant predictors of insulin resistance, measured by
homeostasis model assessment method (HOMA-IR), independently of peritoneal glucose

absorption and peritoneal small solute transport status.

For the first time in PD field, we documented a significant positive association between
HOMA-IR and two other adipokines-based insulin resistance indices (HOMA corrected by
adiponectin and leptin/adiponectin ratio), reproducing the results obtained by Hung et al. (64),

in patients under chronic hemodialysis.
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The associations between obesity and insulin resistance in our population were
documented in several ways. First, insulin resistance indices were strongly correlated with
body composition parameters related with fat mass (as fat tissue index and relative fat mass),
but not with parameters related with lean mass (as lean tissue index and body cell mass).
Second, when patients were categorized as obese and non-obese according to relative fat
mass measured by bioimpedance, HOMA-IR, HOMA corrected by adiponectin (HOMA-AD)
and leptin/adiponectin ratio were significantly higher in obese group. The fact that these
differences were not noticeable when patients were compared concerning BMI, gives an
indirect evidence that BMI is not an accurate tool to classify obesity in PD patients, which
reinforces the findings of our previous clinical investigation (chapter V.IV.I). Third, when we
compared patients according to insulin resistance state (patients with HOMA-IR equal or
superior to 2.2 and inferior to 2.2), we found that insulin resistant patients had significant higher
values of relative fat mass and fat tissue index, while maintaining similar values of BMI and
lean tissue index. Obesity, according to relative fat mass, was also more prevalent in insulin
resistant patients than in patients with HOMA-IR < 2.2 (84.6% versus 47.8%, P=0.039), while
the prevalence of wasting was similar between the two groups (38.5% versus 13%, P=0.107).

Lastly, fat tissue index was an independent predictor of HOMA-IR in the studied patients.

We might be questioned about the fact that we have measured total body fat mass
instead of visceral fat mass, a traditional insulin resistance predictor in general population (176,
177). However, the role of body fat distribution and the metabolic complications of obesity in
general population has been recently a matter of debate and controversy (178), since there
are also studies that documented a more important role of upper body subcutaneous fat mass
on insulin resistance development (179). This may explain the results obtained in a previous
clinical investigation about insulin resistance predictors in hemodialysis patients (64).
According to Hung et al. study (64), truncal fat mass and total fat mass, assessed by DEXA,
were both independent predictors of insulin resistance in a population of 10 patients under
hemodialysis. We were not able to perform DEXA or abdominal CT scan on our patients, due
to financial constraints. We alternatively measured serum IGFBP-1, a recently validated
surrogate marker of visceral fat, strongly inversely related with liver fat content measured by
the gold standard method - proton magnetic resonance spectroscopy (180). Our results
evidence that IGFBP-1 has a strong and negative correlation with HOMA-IR, HOMA-AD and
leptin/adiponectin ratio, and that serum IGFBP-1 is significantly lower in insulin resistant
patients (with HOMA-IR equal or superior to 2.2).

Another clinical relevant result, that deserves to be discussed, is the relationship

between insulin resistance and the adipokines ratio (LAR) that depends on body composition
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parameters. We have previously reported that relative fat mass and lean tissue index predicted
LAR independently of peritoneal glucose absorption (chapter V.IV.l). The results of the
present study (chapter V.IV.II) corroborate this evidence, underlining further that insulin
resistance is aggravated in both the extremes of the nutritional spectrum, while LAR present a
diverse link with HOMA-IR according to such status : 1) protein-energy wasting patients
evidenced a LAR inferior to 1, and in these patients the correlation between LAR and HOMA-
IR was negative, meaning that as the severity of protein-wasting increases, LAR decreases
and HOMA-IR increases; 2) in the opposite situation, obese patients exhibited higher LAR
values, and LAR presented a strong positive correlation with HOMA-IR. Leptin and adiponectin
play important and opposite roles in the regulation of cardiovascular and metabolic
homeostasis. In a previous clinical investigation (chapter V.IV.l) we reported that LAR could
be used as a new atherogenic index, as it was associated with cardiovascular events in PD
patients without protein-wasting. According to the results now obtained, we may hypothesize
that the association between LAR and cardiovascular events, that we have previously
documented, can be explained through insulin resistance development. In fact, given the direct
actions of adiponectin on insulin sensitivity, both in skeletal muscle and liver (40, 41), a higher
leptin/adiponectin ratio can been seen not only as a biomarker of insulin resistance but also as
a predictor of insulin resistance, as our most recent results demonstrate (chapter V.IV.1I).

In this clinical investigation (chapter V.IV.11), peritoneal glucose absorption showed no
association with obesity profile, which reproduces our previous results (chapter V.IV.l) and
others author’s observations (36, 164). We are aware that the glycemic and insulinemic
responses differ after a similar oral glucose dose and intra-peritoneal glucose administrations.
The cephalic phase of insulin release, and specially the enteric release of cholecystokinin,
gastric inhibitory polypeptide and glucagon-like peptide 1 (GLP-1), which are bypassed during
the peritoneal administration of glucose, explain the more physiological insulinemic response
that is seen after oral glucose administration, compared with the intra-peritoneal route. This
incretin effect partially explains the greater rate of glucose disappearance from plasma, and
the greater rate of cellular utilization of glucose that is observed in the first 180 minutes after
an equivalent oral glucose load compared with the intra-peritoneal administration. However,
although peritoneal glucose administration is not as physiological as the oral route, we still
were not able to document any association between peritoneal glucose absorption and insulin
resistance in our patients. As we already mentioned, one of the most feared systemic
consequences of glucose absorption in PD is precisely obesity and insulin resistance
development. The fact that we didn’t found any association between peritoneal glucose
absorption and insulin resistance indices, doesn’t mean that glucose is not an important

variable in the complex situation of obesity and insulin resistance development in PD. More
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than that, our results reinforce that with contemporary therapies, that avoid excessive glucose
exposition, absorbed glucose is not associated with insulin resistance, but adiposity is.
Therefore, our findings put on evidence that other variables such as dietary intake, energy
expenditure, and genetics (that partially determines resting energy expenditure) might be more
powerful determinants of obesity, deserving focused investigation.

Given the fact that fast transporters have been previously associated with a gloomy
outcome (26, 29), we specifically studied this group concerning cardiovascular events and
insulin resistance (chapters V.IV.I and V.IV.ll), testing whether fast transporters are prone to
obesity and insulin resistance development (34). The results that we obtained with two different
clinical investigations cannot support such a chain of events (chapters V.IV.I and V.IV.II).
First, none of our studies documented any association between peritoneal small solute
transport status and obesity profile (chapters V.11, V.IV.l and V.IV.Il). Second, we could not
find any association between peritoneal small solute transport status and cardiovascular
events, in a group of 57 PD patients followed for 47 months (chapter V.IV.I). Third, in a study
about insulin resistance prevalence in a group on 51 non-diabetic PD patients, we also did not
find any significant difference concerning leptin/adiponectin ratio, IGFBP-1, HOMA-IR, HOMA-
AD, peritoneal glucose absorption, neither in body composition parameters related with fat
mass, between fast transporters and the other small solute transport categories (chapter
V.IV.1l). To our knowledge, only two studies evaluated the associations between peritoneal
small solute transport and insulin resistance measured by HOMA-IR (181, 182), and both
evidenced a lack of correlation between D/P creatinine and HOMA-IR. Our results not only
support such evidence, but further expands the knowledge about fast transport status systemic
consequences, highlighting that fast transporters under updated therapy regimens have no
higher risk for obesity and insulin resistance development.

Systemic inflammation was recently documented to be an independent predictor of
survival in PD (90), but the factors that may trigger inflammation were not sufficiently clarified.
As others (183), we found an association between inflammation and obesity. However, we
were just able to document such association, when patients were characterized according to
relative fat mass by bioimpedance analysis, but not when patients were classified according
to BMI. Indeed our studies evidenced that IL-6 (chapter V.IV.I) and C-reactive protein (chapter
V.IV.II) were significantly higher in obese patients, classified according to relative fat mass
percentage. Concerning insulin resistance evaluation (chapter V.IV.II), we also found that
patients with HOMA-IR superior or equal to 2.2 presented higher C-reactive protein levels,
although the difference was not statistically significant. The small number of patients evaluated
could preclude us from obtaining a significant result. Besides, there are other inflammatory

cytokines known to be more related with insulin resistant states, such as TNF-alfa, IL-1 and
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IL-6 (40), that were not measured. As Lambie M. et al. (90), we also did not found any
association between systemic inflammation and small solute transport status. However,
contrary to that study, we could not find any association between fatal and non-fatal
cardiovascular events and a fast transport status (chapter V.IV.l). We hypothesized, once
more, that our PD prescription policy can explain our patient’s better outcome, since contrary
to the Global Fluid Study, the majority of our fast transporters are prescribed with APD and
icodextrin. In fact, our results are supported by others recent clinical investigations that
evidence that a peritoneal membrane fast transport status is no longer associated with worse
outcome, in cohorts using APD and icodextrin (27, 173, 174). The axis of pathophysiology
between fast transport and reported worse outcomes is probably much more related with
volume control and hypervolemia driven systemic inflammation, than merely related with
glucose absorption. On the other hand, glucose and its glucose degradation products are
promoters of membrane functional loss (34). Therefore, even if there is no evidence of a strong
link between peritoneal glucose exposition and insulin resistance or obesity development, still
glucose sparing regimens are recommendable to minimize membrane loss, hypervolemia risk
and associated mortality.

Finally, some formal methodological issues deserves further discussion, namely the
HOMA-IR cut-off chosen to classify patients for insulin resistance, the importance of insulin
analytical determination, and the potential effects of peritoneal glucose concentration on serum
insulin and glucose measurements.

Concerning the HOMA-IR cut off, patients with HOMA-IR = 2.2 were considered to
present insulin resistance, as this value corresponds to HOMA-IR percentile 50 in the larger
validation study about HOMA-IR against the euglycemic, hyperinsulinemic clamp in non-
diabetic patients (60).

It is also important to stress that insulin assays can vary considerably, especially if
antibodies cross-reacting with insulin or split-proinsulin products are used (184).We have
minimize any potential interference exerted on HOMA-IR score, by using an insulin-specific

assay.

We calculated insulin resistance (HOMA-IR) by measuring fasting plasma glucose and
fasting plasma insulin after an overnight fast (8 to 10 hours fast), but with continuation of PD
therapy in a standardized way, with 1.36% glucose in the last dwell. We considered that this
standardization concerning the last dwell adds accuracy to our methodology and is a strength,
since the majority of studies that calculate HOMA-IR in PD patients lack in standardization of
PD prescription, with maintenance of the usual prescription (65, 175, 181). We have carefully

chosen to performed the last dwell with the lowest concentration of glucose in the dialysate
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(1.36% glucose), based on the measured effects on plasma glucose and plasma insulin of a
single 6-hour dialysis cycle with 1.36% glucose solution, that was previously investigated, in a
group of non-diabetic patients on continuous ambulatory peritoneal dialysis (31). The
investigation performed by Heaton A. et al. (31), clearly showed that plasma insulin was not
significant different, in any moment, along the 360 minutes study, between patients without
glucose in the abdomen compared with patients with 2 liters of 1.36% glucose solution.
Concerning plasma glucose, the difference between undialysed patients and patients with
1.36% glucose solution in the abdomen, was only significant at 45 minutes, and the results
were not different between 60 and 360 minutes. The results expressed by Heaton A. et al.
(31), enabled us to perform a protocol to investigate the presence of insulin resistance in our
PD population, measuring plasma glucose and insulin in a fasting state, minimizing any
interference from peritoneal glucose. In patients under CAPD, the last dwell was performed at
23 h and the blood was collected at 9 am after the drainage of the peritoneal cavity and before
the PET starts. In patients under APD, we also changed the prescription and told our patients
to use 1.36% glucose has their last exchange. In patients under APD, the blood was also
collected after drainage of the peritoneal cavity, before the PET starts, and we have ensured
that the previous dwell was performed with 1.36% glucose solution. As the previously cited
investigation (31) showed that there are no differences in plasma glucose and insulin between
undialysed PD patients and patients with 1.36% glucose solution, after the first 60 minutes of
a dwell, we think that our protocol minimizes any potential effect of peritoneal glucose

absorption, while it allows the patients to maintain dialysis.

Peritoneal membrane functional evaluation: free water transport quantification
and the potential value of effluent hepatocyte growth factor to timely characterize

peritoneal membrane dysfunction

Over time, peritoneal dialysis results in structural alterations of the peritoneal
membrane (96), hardly assessed in clinical practice. These structural alterations will promote
membrane functional changes that are worth to be evaluated through peritoneal equilibrations
tests, as they have therapeutic implications in terms of dialysis prescription (185). Although
there are several peritoneal equilibration tests available for routine clinical practice, the type of
information provided by each of them is different, and for that reason, each clinician should
elect the PET that provides the most useful information in terms of peritoneal membrane
functional characterization (185). We report (chapter V.V.I), simultaneous small-pore and
ultrasmall-pore peritoneal transport quantification, through the use of a 4-hour 3.86% glucose

PET with temporary drainage at 60 minutes, expanding a previous report from Cnossen et al.

123



Metabolic derangements in peritoneal dialysis:

Systemic impact and functional expression of peritoneal membrane

(110). Ouir clinical investigation also expands the work of La Milia group (106), because our
Two-in-One Protocol allows peritoneal ultrafiltration measurement at 1 hour [as the mini-PET
(106)], while it maintains a total duration of 4 hours [as a standardized, or modified PET (104)].
This protocol enabled us to simultaneously quantify ultrafiltration through ultrasmall pores and,
at the same time, characterize the membrane according to small solute transport, as in a
standardized PET, without occurring the overestimation that might happen when small-solute

transport categorization is based on a D/Pcreatinine Obtained after a 1 hour dwell (109).

The results that we have obtained, in terms of FWT and FWT percentage, were in line
with those obtained with a standard permeability test (107), a more sophisticated method
hardly used in daily clinical practice. Also, skilled studies from Waniewski J. et al. (186, 187),
found a FWT fraction of 0.40+0.12, which is equivalent to the FWT percentage that we

obtained.

The fact that FWT correlated better with total ultrafiltration than with any indirect
measure of sodium sieving was already expected, given the fact that a reduced water flow
through the aquaporins is not the only plausible cause that determines a sodium sieving
reduction (188).

We have performed a correction for sodium diffusion using the mass transfer area
coefficient for creatinine (MTAC creainine), Calculated by the simplified Garred model (189). The
same methodology was also followed by other groups that have investigated peritoneal fluid
pathways (190, 191) and exhibits good correlation with the Waniewski model (109). We also
have performed a FWT correction for lymphatic absorption and for the ultrafiltration through
the large pores, during the first 60 minutes of the dwell, according to an algorithm validated by

computer simulation model (108).

We documented a slight, but consistent, tendency for total ultrafiltration and FWT
decline with time on PD. Patients with ultrafiltration failure evidenced a FWT significantly lower
and a D/P¢eatinine Significantly higher, when compared with patients without ultrafiltration failure.
However, FWT fraction was similar between the two groups, which is line with Parikova et al.
(100), that has demonstrated that in the first years of PD treatment, an increase of vascular
peritoneal surface area will lead to a rapid disappearance of the osmotic gradient and thereby

promote some reduction in FWT, but not in its contribution to total ultrafiltration.

Another relevant aspect of our clinical investigation, that deserves to be discussed, is
the opposite correlation that we found between small-pore and aquaporin water transport in
patients with and without ultrafiltration failure. In fact, we have documented a positive

correlation between small-pore and free water transport in patients without ultrafiltration failure
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(r=0.257, p=0.032), in line with the fact that, in a hon-pathological setting, FWT depends on
osmotic gradient and effective capillary surface (188). However, in patients with acquired
ultrafiltration failure, a negative and more powerful correlation was documented between small-
pore and free water transport pathways (r=-0.709, p=0.015). In order to explain this opposite
profile found in ultrafiltration failure situation, we have hypothesized that some of our patients
with most severe forms of ultrafiltration failure could present an interstitial fibrosis process that
would explain this “uncoupling” between changes in small-pore transport and in FWT. He have
formulated this hypothesis based on a previous investigation about simulations of osmotic
ultrafiltration failure in CAPD, using a serial three-pore membrane/fiber matrix computational
model (192). According to that study, an uncoupling of small solute transport from ultrafiltration
coefficient (LpS) was documented in computer simulations of ultrafiltration failure, whenever
changes in both vasculature and in interstitium were taken into account. In fact, when the
authors investigated the impact of increasing the effective vascular surface area (S)
concomitantly with altering the fiber composition and by adding (collagen) fibers to the
interstitium, they evidenced a reduction of ultrafiltration capacity of the total capillary-interstitial
barrier, while only little affecting small solute transport and glucose reflection coefficient
(sigma). Our results, on functional membrane properties in ultrafiltration failure setting, were
posteriorly validated and corroborated by a recent clinical research, that has analysed
peritoneal membrane samples of patients with encapsulating peritoneal sclerosis (102). This
study confirms that structural changes in the peritoneum interstitium account for an excessive
reduction in osmotic conductance without affecting small solute transport, as we have
previously hypothesized that would occur in our patients with the most severe ultrafiltration
failure forms that presented, in a functional peritoneal membrane evaluation, a FWT

compromise beyond of what would be explained by an increase in capillary surface.

In a clinical point of view, our study has enabled us to identify other important causes
of ultrafiltration failure, beyond the increase in effective capillary surface, with repercussion in
the therapeutic managing of these patients. In fact, among the 11 patients with ultrafiltration
failure, five had a FWT fraction contribution to ultrafiltration at 60 minutes inferior to 45%, but
only two of them were fast transporters. That finding suggests again a higher compromise of
FWT, disproportionate to small-solute transport. As a therapeutic strategy, those patients with
FWT severe compromise will benefit most from icodextrin instead of hypertonic glucose
prescriptions. Thus, one of the most important clinical implications of using the Two-in-One
protocol, to our daily clinical practice, is that it allowed us to understand and monitor
longitudinally the functional characteristics of our patient’s peritoneal membrane, improving

our capacity to prescribe a dialysis program that matches each patient membrane
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characteristics and timely detect signs of alarm relative to the risk of encapsulating peritoneal

sclerosis.

Several clinical studies, and others based on computational models, have already
demonstrated that impaired free water transport indicates a more severe functional and
structural lesion of the peritoneal membrane, due to aquaporin dysfunction or interstitial
changes (100, 105, 193-195). In fact, a recent clinical research has documented that patients
with encapsulating peritoneal sclerosis (EPS) presented early loss of ultrafiltration capacity
and sodium sieving 2 years before the onset of EPS, compared with long-term PD controls
(102). In a multivariate analysis, sodium sieving was the only independent risk factor
associated with EPS, outperforming other clinical variables, commonly associated with a
higher EPS risk, such as age at dialysis onset, PD duration, residual renal function, beta-
blocker use and peritonitis rate. Furthermore, according to the same study, submesothelial
thickness presented strong negative correlations with net ultrafiltration and with sodium
sieving, but no correlation was found with small-solute transport evaluated with D/Pcreatinine at a
4 hours PET. These recently proven functional-structural peritoneal membrane correlations,
associated with the fact that the performance of serial peritoneal biopsies to detect morphology
modifications is not feasible in PD patients, makes desirable the search for a biomarker that
correlates both with ultrafiltration and with free water transport, and not only to the membrane
small solute transport status. The use of effluent biomarkers as an early sign of peritoneal
membrane alterations is currently under debate (111-113), and studies provided different
results. In a recent report (111), monocyte chemotactic protein-1 (MCP-1), interleukin-6 (IL-6)
and leukotactin (CCL15), were found at higher levels in the peritoneal effluent of patients who
subsequently developed EPS, although without improving prediction of future EPS risk above
known clinical factors, such as PD vintage and peritoneal small solute transport status. On the
contrary, Sampimon et al. (112) evidenced that dialysate appearance rate of IL-6 and CA125
combined was potentially useful for an early diagnosis of EPS. However, none of these studies
has explored the associations between the measured cytokines in the effluent and water
transport pathways, especially with free water transport, given the important functional-

structural correlations that were already mentioned.

To our knowledge our group was the first to report a clinical significant association
between hepatocyte growth factor (HGF) measured in the effluent, FWT quantification and
ultrafiltration profile (chapter V.V.II). Given the fact that HGF is constitutively synthesized by
human peritoneal mesothelial cells and it is known to block high glucose induced epithelial-to-
mesenchymal transition, ameliorating peritoneal fibrosis (93), we hypothesized that the

increased effluent HGF that we found in patients with ultrafiltration failure, especially in patients
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with the most UFF severe forms (with FWT fraction compromise), could be seen as a reactive
repairing mechanism, being an early sign of peritoneal membrane deterioration. In fact, our
study adds further clinical evidence to a previous report that studied focal HGF expression in
peritoneum biopsies of PD patients with and without ultrafiltration failure (196). According to
Nakamura et al. (196), there was an increased expression of HGF in peritoneal tissues of
CAPD patients with low ultrafiltration capacity compared with the group with a normal
ultrafiltration profile. Once more, these results give strength to our hypothesis that the higher
HGF concentration that we found in patients with FWT compromise, on top of an increased
small-solute transport, can been seen as a reactive mechanism to peritoneal membrane lesion.
The peritoneal effluent HGF concentration was measured, until now, by a single clinical study
(118). However, Mizuiri S. et al. (118) have only compared effluent HGF concentration
according to small-solute transport, and gave no information about ultrafiltration failure or water
transport pathways profile of the population evaluated. Since there are no clinical studies that
had examined plasma and effluent HGF, and we have also found a correlation with small-
solute transport, we might question whether effluent HGF concentration could depend on
plasma HGF levels. We think that this is not plausible for various reasons. First, the peritoneal
permeability is expected to be poor, since HGF is a heterodimeric molecule composed of a 69
KDa alpha subunit and a 34 KDa beta subunit. Second, we couldn’t find any correlation
between effluent HGF concentration and small-pore water transport, meaning that HGF is not
significantly diffusible. Third, Yu et al. (93) demonstrated that human peritoneal cells
constitutively synthesized HGF, and Nakamura et al. (196) showed that HGF can be expressed
at the peritoneal membrane level, especially in PD patients with ultrafiltration failure. For these

reasons, we believe that the HGF protein detected in the effluent is locally produced.

All patients included in this clinical investigation (chapter V.V.II) performed a peritoneal
membrane transport functional test using the Two-in-One Protocol (chapter V.V.l), whose
specifications and advantages were already discussed. The evaluation performed enabled us
to classify nine patients as having ultrafiltration failure. Three had a more severe profile
characterized by FWT compromise (FWT <45%) and increased effective capillary surface
(D/Pcreainine20,81). Those patients had significant lower ultrafiltration volume at a 4-hour PET
(166,7+57,7 mL vs 375,0+41,8mL, p=0,024), lower FWT quantification (128,7+26,5 mL vs
183,5+12,1 mL, p=0,024) and higher MTACcreatinine (25,4 £ 2,6 mL/min vs 9,6£2,5
mL/min,p=0.024). Patients with the more severe UFF profile had also higher values of HGF
measured in the effluent (104,3 pg/mL vs 88,9 pg/mL, p=0.085). Another three patients,
although not fast transporters, presented an increased effective capillary surface when

compared with their previous MTAC creatinine result (on a previous PET).The rapid disappearance
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of the osmotic gradient contributed for UFF in those patients, while FWT was not impaired.
The last three patients were incident, with few months on PD (3 — 6 months). According to
small solute transport they were average transporters with no FWT impairment. A high effective
lymphatic absorption rate could be the reason for UFF in those incident patients, since high
lymphatic absorption is recognized to be mostly a cause of inherent UFF (193). It is noteworthy
that mean HGF in those three patients (with a functional UFF) was significantly lower compared
with the 3 patients that had impaired FWT [77.84 (67.9 — 79.8) pg/mL vs 104.3 (103.7 — 147.16)
pg/mL, p=0.05].

In this clinical investigation we reported a FWT fraction of 45% which is in line with ours
(chapter V.V.I), and others (106) previous observations. A FWT fraction inferior to 45% is
clinical relevant in patients with ultrafiltration failure, as it may signalize an aquaporin
dysfunction or a process of interstitial fibrosis, that will promote a decrease in the membrane
osmotic conductance to glucose (100). However, there is actually no knowledge about the
clinical meaning of a FWT reduction in patients without ultrafiltration failure. This is another
relevant aspect of our investigation: a FWT fraction <45% without clinical ultrafiltration failure
was documented in some patients, who also had increased dialysate HGF concentration
compared with patients with preserved FWT fraction. We can hypothesized that this may
represent an intermediate level of peritoneal dysfunction, where the patient may already have
some interstitial changes that lead to a reactive increase in HGF production, while not severe
enough to functionally present an ultrafiltration failure. Aging, uremia and diabetes are often
associated with membrane changes already at PD start, possibly justifying, in some patients,

selective FWT compromise in absence of a clinically relevant ultrafiltration failure (197-199).

One of the limitations of our studies on peritoneal membrane functional evaluation is
the inability of our Two-in-One protocol to quantify lymphatic absorption rate, which is not
feasible in daily clinical practice, and whose methodology is still under debate (200). We are
also aware that assuming a constant rate of 0.3 mL/minute for peritoneal lymphatic absorption
is a simplification of the three-pore model, as it may differ between patients. Furthermore, we
were able to identify a higher lymphatic absorption, as a plausible cause of ultrafiltration failure,
in some of our patients, by exclusion. In fact, peritoneal absorption remains a difficult problem
to investigators as no clinical procedure, feasible in daily clinical practice, is able to quantify
lymphatic absorption, except by using macromolecular tracer such as dextran (201) or

radioiodinated human serum albumin (202, 203).

Our studies were also limited by their cross sectional design and small number of
patients with ultrafiltration failure. A longitudinal study is being conducted in order to better

understand the clinical meaning of a decreased FWT in patients without ultrafiltration failure,
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and also to document the dynamic profile of HGF production and its relationship with peritoneal

membrane water transport changes.

Future investigations

Preservation of residual renal function is patients under peritoneal dialysis: the

role of new PD solutions and beyond

In the clinical investigation performed (chapter V.I), we concluded that diabetes was
the only independent predictor of anuria, after PD start. Although more than 50% of the
population under analyse was treated with PD solutions low in glucose degradation products,
we were not able to determine the effect of these new solutions concerning residual renal
function loss. This subject has been recently matter of investigation. In fact, according to a
recently published meta-analysis about the effect of neutral-pH, low-glucose degradation
products peritoneal dialysis solutions, on residual renal function, these more biocompatible
solutions resulted in better preservation of RRF that persisted beyond 12 months (204).
However, there is still room to investigate whether there is a link between uraemia per se and
peritoneal structural and functional changes, and if kidney function protection may also be
independently associated with peritoneal membrane preservation. Additionally, the differential
gualitative impact of kidney filtration rate versus diuresis in outcomes and systemic

inflammation certainly merits further investigation.

Obesity determinants in peritoneal dialysis patients: the role of dietary intake,

genetics and energy expenditure

We observed, in a reproducible manner, in two different clinical investigations
(chapters V.IV.l and V.IV.II), a lack of association between peritoneal glucose absorption and
obesity development, in patients under peritoneal dialysis. We also concluded that peritoneal
glucose absorption is not associated with insulin resistance development, in our patients, but
adiposity is.

Our studies were limited by their cross-sectional design, and for that reason we aim for
a longitudinal extension of these investigations. Nevertheless, our findings put on evidence
that other variables such as dietary intake, energy expenditure, and genetics (that partially
determines resting energy expenditure) might be more powerful determinants of obesity,

deserving focused investigation.
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The gut releases several peptides upon feeding, which affect hypothalamic pathways
involved in the regulation of satiety and food intake. Cholecystokinin (CCK) and glucagon-like
peptide-1 (GLP-1) signal to the brain and provide satiety signals. This gut-brain axis regulation
of glucose metabolism deserves focused investigation in peritoneal dialysis field, as the intra-
peritoneal route bypasses gut hormones and their action on food intake regulation by the
hypothalamus.

As we, Vasselai et al. (36) also found no association between fat mass gain in PD
patients and peritoneal glucose absorption. In fact, they found that patients who presented fat
mass gain, after one year under PD, presented a higher ratio of caloric intake/energy
expenditure, when compared with patients that lost fat mass, while the daily peritoneal glucose
absorption was similar between the 2 groups. More studies focused on the relation between
obesity and energy expenditure in PD field are needed.

Heritability studies, in the general population, suggest that as much as 70% of the
variability in human body weight may be accounted for by genetic factors (205, 206). In
peritoneal dialysis field, studies on obesity genetics are scarce. Nordfors et al. (207),
documented that patients with the deletion/deletion uncoupling protein 2 genotype presented
more fat tissue gain during one year in PD, than those patients with the insertion/deletion
uncoupling protein 2 genotype . More studies under these subject are needed, in order to
improve our knowledge on obesity pathogenesis in patients under PD, and to enhance our

ability to treat these patients successfully.

Potential therapeutic options to reduce insulin resistance in patients under

peritoneal dialysis

Few studies specifically addressed the potential role of icodextrin-based solutions in
reducing insulin resistance in patients under peritoneal dialysis (208-212). Although the
majority of these studies report a lower HOMA-IR value when patients are prescribed icodextrin
for the long dwell, those results have to be cautiously interpreted. The low number of patients
included (12 to 34 patients), the short follow-up time (3 to 9 months), but especially some
methodological constraints related to the non-fasting state of the patients when glucose and
insulin measurements are taken, preclude a definitive conclusion. In order to clarify the
potential role of icodextrin in insulin resistance, in patients under PD, more studies are needed
that strictly comply with the principles of a true fasting state when blood samples are collected,
with a dialysis prescription protocol that minimizes any potential interference of peritoneal

glucose solutions.
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Synthetic activators of PPARy, called thiazolidinediones, act as effective insulin
sensitizers, thereby reducing plasma insulin levels and, theoretically, the complications
associated with hyperinsulinemia. In patients under peritoneal dialysis, a single study has
investigated the potential effect of oral pioglitazone on insulin resistance and adipokines
balance (213). According to Li et al. (213), insulin resistance measured with HOMA-IR has
significantly declined, and adipokines balance has improved, after a 12 week period of
treatment with pioglitazone. However, additional prospective studies are warranted to confirm
these findings, as this study has enrolled only 36 patients, and 28% of them were diabetics (a

sub-group where the beneficial effects of thiazolidinediones were already expected).

Since peritoneal glucose administration bypasses the gut and the incretin effect of
enhancing glucose-dependent insulin secretion, glucagon-like peptide-1 based therapies
could enhance glucose metabolism in patients under PD. The particular effect of linagliptin, a
dipeptidyl peptidase 4 inhibitor that is primarily eliminated via enterohepatic system, is thus a

theoretical potential candidate to ameliorate insulin resistance in patients under PD.

Investigations on free water transport profile with time on PD and the dynamic

profile of HGF production

Our studies on peritoneal membrane function evaluation were limited by their cross
sectional design and small number of patients with ultrafiltration failure (chapters V.V.l and
V.V.1l). Therefore, a longitudinal study is being conducted in order to better understand the
clinical meaning of a decreased FWT in patients without ultrafiltration failure, and also to
document the dynamic profile of HGF production and its relationship with peritoneal membrane

water transport changes.

Investigations on pharmacological agonists of the aquaporins

The identification of the ultra-small pores offers the opportunity to modulate water
transport in PD. Studies in rat and mouse models (214, 215), and in patients under PD (216),
have shown that an aquaporin-1 modulation can be achieved without modifying the osmaotic
gradient. Whether increasing the expression of aquaporin-1 in the membrane, or gating the
already existing channels, could be used to treat patients with ultrafiltration failure, remains to

be investigated.
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VII. CONCLUSIONS
Predictors of residual renal function loss in PD patients

Our first clinical investigation (chapter V.l) has evidenced that patients on PD after
renal transplantation experience similar short term residual renal function protection, without a
shorter peritonitis-free survival, compared with patients starting PD, as their first renal
replacement therapy. We also concluded that diabetes was the only independent predictor of

anuria after PD start.

Peritoneal membrane phosphate transport status

Our second clinical investigation (chapter V.II) contributed to increasing our
understanding on peritoneal phosphate clearance, by highlighting the importance of
establishing peritoneal membrane phosphate transport status. We concluded that in
hyperphosphatemic and or anuric patients, the decision on the optimal PD modality should
also take into account peritoneal phosphate transport characteristics, beyond the traditional
adequacy parameters (urea Kt/V and creatinine peritoneal clearance). Increasing dwell times
or transfer to CAPD could be effective strategies to improve phosphate handling in patients

with inadequate phosphate control on APD, especially if they are slow phosphate transporters.

Evaluation of nutritional status in contemporary PD patients

According to the most recent diagnostic criteria for nutritional assessment in chronic
kidney disease patients, we have documented a high overweight and obesity prevalence, and
a low incidence of protein-wasting in patients under peritoneal dialysis, using several
biochemical and anthropometric parameters (chapter V.III). These results were reproduced in
a subsequent study, (chapter V.IV.1), and we further demonstrated that body mass index (BMI)
underestimates the real prevalence of obesity, compared with body composition assessment

using bioimpedance analysis (chapter V.IV.).
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The impact of peritoneal glucose absorption and fast transport status on obesity,

insulin resistance and new cardiovascular events in PD patients

According to our clinical investigation (chapter V.IV.l), cardiovascular events were
associated with obesity. Furthermore, we could not find any association between obesity and
peritoneal glucose absorption, neither with fast transport status. This study enabled us,
additionally, to clarify that adipokines profile depends on patient’s body composition, as
leptin/adiponectin ratio was predicted by relative fat mass and lean tissue index, independently
of peritoneal glucose absorption. In line with these results, obese patients presented higher
leptin and lower adiponectin level that translated into a higher leptin/adiponectin ratio; patients
with protein-wasting presented a lower leptin and a higher adiponectin that translated into a
lower leptin/adiponectin ratio. Our results can therefore explain the previously reported
contradictory results about adiponectin and clinical outcomes, in patients with chronic kidney
disease. We have also concluded that a higher leptin/adiponectin ratio was associated with
cardiovascular events, and can represent a new atherogenic index in patients under PD,

without protein wasting.

In a subsequent clinical investigation about insulin resistance in non-diabetic PD
patients (chapter V.IV.1l), we concluded that obesity and adipokines profile play a major role
in insulin resistance development in PD, independently of glucose absorption and small solute
transport status. In practice, this study puts on evidence that the concept of reversal
epidemiology that was found in several hemodialysis populations may not be applied to PD
patients. Given the already established association between insulin resistance, namely
between higher LAR, and cardiovascular events (as our previous investigation demonstrates
— chapter V.IV.l), efforts should be put in obesity prevention, correct diagnosis and treatment.
One of the most feared systemic consequences of glucose absorption in PD is precisely
obesity and insulin resistance development. However, contemporary PD treatments minimize
such exposition, and the lack of correlations between peritoneal glucose absorption, insulin
resistance indices and body composition parameters that we found, puts on evidence that
other factors (such as genetics, energy expenditure and energy intake) may contribute to a
metabolic syndrome development in PD patients, perhaps in a more powerful way. Finally,
with this investigation, we also concluded that fast transporters can be adequately managed
in PD, without becoming obese or developing an insulin resistant state. Using new solutions,
with low glucose degradation products, icodextrin and short dwells could contribute to minimize
glucose exposure, as an updated therapy that could successfully treat fast transporters in

peritoneal dialysis.
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Functional characterization of peritoneal membrane

Our clinical investigation on functional evaluation of the peritoneal membrane (chapter
V.V.l), allowed us to conclude that quantification of free water transport (FWT) is important for
detecting causes of ultrafiltration failure (UFF), beyond an increase in effective capillary
surface, and that such quantification is feasible during a 4-hour, 3.86% glucose PET
evaluation, with a temporary drainage of the peritoneal cavity at 60 minutes, in a Two-in-One
PET Protocol.

In a subsequent clinical investigation (chapter V.V.ll), hepatocyte growth factor (HGF)
was explored as a potential new effluent biomarker that could timely signalize peritoneal
membrane dysfunction. We concluded that dialysate HGF concentration is significantly higher
among patients with UFF, especially if FWT is impaired, suggesting that it might be a useful

marker of progressive peritoneal membrane dysfunction.
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