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Resumo 

Atualmente, a sobrecarga global de doenças plurimetabólicas, bem como o 

crescente envelhecimento da população, tem levado a um aumento da 

prevalência de doença renal crónica, com consequências sociais, económicas e na 

saúde publica. Portugal tem uma das prevalências mais elevadas do mundo. 

A progressão da doença renal crónica levará inevitavelmente à necessidade de 

uma terapêutica substitutiva da função renal, nomeadamente a hemodiálise, a 

opção mais frequente para a maioria dos doentes com doença renal crónica 

estadio 5, à qual poderão ser submetidos cronicamente durante anos, até mesmo 

décadas. 

Devido às funções metabólicas e nutricionais do rim, será expectável que o 

declínio e a falência da função renal, assim como o próprio impacto da terapêutica 

substitutiva da função renal, afetem o estado nutricional sistemicamente, 

tornando-se imprescindível a terapia nutricional em todos os estádios da DRC para 

compensar a progressão e perda da função renal. 

A ideia para esta tese começou com o desafio pessoal e profissional como Diretor 

do Serviço de Nutrição: organizar um serviço de nutrição de uma empresa 

prestadora de cuidados renais que possuía 25 clínicas de hemodiálise, com mais 

de 3000 doentes em 2014, o que representou uma oportunidade única para definir 

procedimentos de intervenção nutricional alinhados com as melhores práticas 

disponíveis, esperando que um ambiente clínico centrado no doente, que conheça 

e auspicie a minimização do risco nutricional, potencie favoravelmente a gestão 

do estado nutricional. 
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Com o objetivo de determinar o perfil de risco de malnutrição e inflamação e sua 

associação com parâmetros clínicos rotinamente avaliados, foi aplicado o 

Malnutrition-Inflammation Score (MIS) numa amostra inicial de 3050 doentes em 

HD, 26% da população portuguesa em hemodiálise, no início deste estudo em 

janeiro de 2016. De modo a apurar a associação do MIS com a hospitalização e 

mortalidade e a definir o(s) ponto(s) de corte, acompanhamos esta amostra por 

um período de 48 meses. Considerando as implicações sistémicas do risco 

nutricional em HD, várias análises exploratórias foram realizadas para 

compreender a associação da diabetes, do índice de resistência à eritropoietina e 

do ganho de peso interdialítico com fatores, como o MIS, e com a hospitalização 

e a mortalidade. 

Como o suporte nutricional oral intradialítico poderá ter um papel importante na 

provisão e reabilitação nutricional, pretendeu-se investigar, como prova de 

conceito, se um lanche intradialítico padronizado era adequado para compensar 

o impacto catabólico da hemodiálise. 

Por fim, ambicionou-se contribuir para uma maior conscientização sobre o 

impacto do risco de malnutrição e inflamação nesta população. 

No primeiro estudo, foram avaliados 2975 doentes com o MIS: 56% do género 

masculino, 31% diabéticos, média de idade de 66,7 ± 14,8 anos e uma prevalência 

de malnutrição de 50%. As comorbilidades, a antiguidade em hemodiálise, a 

transferrina, a capacidade funcional e a variação de peso tiveram maior impacto 

no incremento do risco. Uma Idade ≥ 75 anos, a diabetes, níveis baixos de fósforo, 

de creatinina sérica e da taxa normalizada de catabolismo proteico, e níveis altos 

de cálcio, de índice de resistência à eritropoietina, de Kt/V e de proteína C-

reativa foram considerados preditores de risco de malnutrição e inflamação. 
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No seguimento de 48 meses, 2444 doentes foram analisados: 59% homens, 32% 

diabéticos, uma idade mediana de 71 anos, 35,8% tinham MIS<5, 35,2% morreram 

e 62,5% foram hospitalizados pelo menos uma vez. O MIS manteve o seu valor de 

prognóstico. O ponto de corte de 5 foi confirmado e novos pontos de corte foram 

identificados: 6,3 para todos os doentes, 6 para não diabéticos e 6.5 para 

diabéticos. Um maior MIS, maior Índice de comorbilidade de Charlson, e menor 

Kt/V, menor albumina e acesso vascular por fístula arterio-venosa ou cateter 

venoso central aumentaram o risco de hospitalização, enquanto uma maior idade, 

maior ganho de peso interdialítico, maior índice de comorbilidade de Charlson, 

menor Kt/V, menor albumina, menor taxa normalizada de catabolismo proteico e 

cateter venoso central aumentaram o risco de mortalidade. 

Na análise exploratória de 1740 doentes diabéticos no início do estudo em 2016: 

56,6% eram não insulinotratados e 43,4% eram insulinotratados. Os doentes 

insulinotratados apresentaram um risco 1.3 vezes maior de malnutrição. 

Em relação à análise exploratória do índice de resistência à eritropoietina, foram 

incluídos 2044 doentes, com 56% do sexo masculino, 31% diabéticos, uma idade 

média de 68.4 ± 14.12 anos, uma média de antiguidade em hemodiálise de 105 ± 

74 meses e uma média do índice de resistência à eritropoietina de 7.23 ± 7.15 

(U/semana/kg)/(g/dL). O índice de resistência à eritropoietina esteve associado 

a um maior MIS, maior proteína C-reativa e um menor hematócrito. 

Na última análise exploratória, com seguimento de 42 meses, foi analisado o ganho 

de peso interdialítico de 2424 doentes com: 59% homens, 32% diabéticos, 16% com 

um ganho de peso interdialítico > 4%, 35% de mortalidade e 63,9% com pelo menos 

um episódio de hospitalização. Um ganho de peso interdialítico > 4% foi associado 

com a antiguidade em hemodiálise, sexo masculino, maior taxa normalizada de 
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catabolismo proteico, maior Kt/V e índice de resistência à eritropoietina, mas não 

com um MIS> 5, a hospitalização e a mortalidade (por todas as causas). 

Finalmente, como prova de conceito de um lanche intradialítico simples e de baixo 

custo como estratégia nutricional para compensar o impacto catabólico estimado 

do tratamento de hemodiálise, foram analisadas 488 refeições, 338 realizadas 

durante os turnos diurnos. Não foram registadas intolerâncias e o perfil nutricional 

médio foi: 378.8 ± 151.4 kcal, 13.5 ± 7.2 g proteína, 676 ± 334 mg sódio, 361 ± 

240 mg potássio, 249,3 ± 143 mg fósforo, com 68% das refeições a atingirem a 

meta energética (316.8 kcal/tratamento) e 82% a meta proteica (7 g/tratamento). 

Verificou-se associação entre o turno do tratamento de hemodiálise e a ingestão 

de energia, proteína, lípidos, sódio, potássio e fósforo. 

Por conseguinte, os trabalhos desta tese contribuíram para um melhor 

conhecimento da prevalência e do perfil do estado nutricional numa amostra 

representativa da população portuguesa com DRC estadio 5 em hemodiálise, e 

para uma maior sensibilização dentro e fora da organização. Mais evidências foram 

encontradas para apoiar a recomendação da utilização do MIS na avaliação de 

rotina do risco nutricional e de inflamação, bem como a confirmação do valor do 

ponto de corte, embora com o vislumbre de uma nova tendência para um aumento 

dos pontos de corte e da pertinência da estratificação do risco, considerando a 

patologia de base, como a diabetes, assim como a terapêutica farmacológica 

(insulinotratados vs não insulinotratados). 

No que diz respeito ao suporte nutricional oral, o modelo de lanche intradialítico 

apresenta-se como uma estratégia adequada para compensar o impacto catabólico 

da hemodiálise, podendo ser facilmente replicado em outras clínicas. 
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As evidências preliminares relacionadas com o índice de resistência à 

eritropoietina e com o ganho de peso interdialítico, mostram que análises mais 

aprofundadas são necessárias e que o campo de impacto do risco nutricional e 

inflamatório é amplo e precisa ser abordado com a busca de mais evidências, a 

fim de contribuir para uma intervenção nutricional precoce e precisa. 

Estes achados, que metade da população está em risco nutricional, que fatores 

que têm maior impacto, a confirmação da capacidade de prognóstico do MIS e do 

respetivo ponto de corte, a nova tendência nos pontos de corte, a possibilidade 

de se estratificar o risco no caso da diabetes, o impacto da malnutrição na 

resistência à eritropoietina e a sua associação com o ganho de peso interdialítico, 

confirmam a necessidade de priorizar a abordagem clínica ao risco nutricional e 

inflamatório. Foi evidenciado que será possível ter um modelo de lanche 

intradialítico eficiente e económico que compense o impacto catabólico da HD, 

assim como, um serviço de nutrição organizado e eficiente, capaz de reunir 

evidências científicas que contribuam para uma melhor prestação de cuidados 

nutricionais ao doente, fortalecendo as recomendações atuais, bem como 

estabelecendo a base para o desenvolvimento de melhores práticas que sejam 

replicáveis, assim como, de novas guidelines. 

 

Palavras-Chave: hemodiálise, estado nutricional, inflamação, gestão risco 

nutricional, malnutrition-inflammation score, suporte nutricional intradialítico, 

diabetes, ganho de peso interdialítico, índice de resistência à eritropoietina, 

hospitalização, mortalidade.  
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Abstract 

Currently, the global burden of plurimetabolic disorders as well as an ever-growing 

aging population has led to an increase of chronic kidney disease prevalence, with 

health, social and economic consequences. Portugal has one of the highest 

prevalence in the world. 

The progression of chronic kidney disease will inevitably lead to the need of a 

renal replacement therapy, namely hemodialysis, the more suitable renal 

replacement therapy for the majority of chronic kidney disease stage 5 patients, 

which can undergo chronically for years, even decades. 

Due to the inherent metabolic and nutritional functions of the kidney, it is 

expected that the decline and failure of the kidney, as well as the impact of the 

renal replacement therapy itself, will affect nutritional status systemically, 

making a medical nutritional therapy imperative in all stages to compensate for 

the progression and loss of the renal function. 

The idea for this thesis began with the personal and professional challenge as the 

Head of Nutrition Care: to organize a national nutritional department of a renal 

services company that own 25 outpatients hemodialysis clinics with more than 

3000 patients in 2014, which represented a unique opportunity to define 

nutritional intervention procedures aligned with the best practices available, 

expecting that a patient-focused clinical environment and that aims to minimize 

the nutritional risk would favorably enhance nutritional status management. 

With the objective of determining malnutrition and inflammation risk profile and 

its association with routinely assessed clinical factors, the Malnutrition 

inflammation Score (MIS) was assessed in a sample of ~3050 patients, 26% of the 
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Portuguese population in hemodialysis, at this study baseline in January 2016. In 

order to understand its association with hospitalization and mortality, and define 

the cut-off(s), we followed-up this sample for 48 months. Considering the systemic 

implications of the nutritional risk in hemodialysis, several exploratory analysis 

were undertaken to understand the association of diabetes, erythropoietin 

resistance index and interdialytic weight gain with factors, such as MIS, and with 

hospitalization and mortality. 

As oral nutritional support has an important role in nutritional provision and 

rehabilitation, we wanted to do determine, as a proof of concept, if a 

standardized intradialytic snack was adequate to compensate the catabolic 

impact of hemodialysis. 

At last we aimed to contribute to greater awareness about the impact of the 

malnutrition and inflammation risk in this population.   

In the first study, 2975 patients with a mean age of 66.7 ±14.8 years were assessed 

with MIS: 56% male, 31% diabetic and the prevalence of malnutrition was 50%. 

Comorbidities, hemodialysis vintage, transferrin, functional capacity and weight 

variation had the greatest impact on risk increment. Age ≥ 75 years, diabetes, low 

P, low serum creatinine, low normalized protein catabolic rate, high calcium, 

erythropoietin resistance index, Kt/V and C-reactive protein were found to be 

predictors of malnutrition and inflammation risk. 

In the 48-month follow-up, 2444 patients were analyzed: 59% male, 32% diabetic, 

median age of 71 years, 35.8% had a MIS<5, 35.2% died and 62.5% were hospitalized 

at least once. MIS maintains its prognostic value in long-term hemodialysis 

patients, the cut-off of 5 was confirmed and new cut-offs were identified: 6.3 for 

all patients, 6 for non-diabetics and 6.5 for diabetics. A higher MIS, higher Charlson 
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Comorbidity Index, and lower Kt/V, lower albumin, and arterio-venous graft or 

central venous catheter increased the hospitalization risk, while higher age, 

higher interdialytic weight gain, higher Charlson comorbidity index, lower Kt/V, 

lower albumin, lower normalized protein catabolic rate and central venous 

catheter increased the mortality risk. 

The exploratory analysis of 1740 diabetic patients at the baseline in 2016: 56.6% 

were non-insulin treated and 43.4% were insulin treated, with insulin treated 

patients having a 1.3-fold increased risk of malnutrition. 

Concerning the erythropoietin resistance index exploratory analysis, 2044 patients 

were included: 56% male, 31% diabetic, a mean age of 68.4 ± 14.12 years, a mean 

hemodialysis vintage of 105 ± 74 months and a mean EPORI of 7.23 ± 7.15 

(U/week/kg)/ (g/dL). Erythropoietin resistance index was found to be associated 

with higher MIS, higher C-reactive protein and lower hematocrit. 

In the last exploratory analysis with a 42-month follow-up, the interdialytic weight 

gain of 2424 patients was analyzed: 59% male, 32% diabetic, 16% with an 

interdialitic weight gain >4%, 35% died and 63.9% were hospitalized at least once. 

An interdialytic weight gain > 4% was associated hemodialysis vintage, male 

gender, higher normalized protein catabolic rate, higher Kt/V, and higher 

erythropoietin resistance index, but not with MIS>5, hospitalization nor all-cause 

mortality. 

Finally, as proof of concept of a simple and cost effective intradialytic snack in 

compensating the estimated catabolic impact of the hemodialysis treatment, we 

analyzed 488 meals, 338 during daytime shifts. No intolerances were registered, 

and the average nutritional profile was: 378.8 ± 151.4 kcal, 13.5 ± 7.2g protein, 

676 ±334 mg sodium, 361 ±240 mg potassium, 249.3 ±143 mg phosphorus, with 68% 
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of the meals meeting the energy target (316.8 kcal/treatment) and 82% the 

protein target (7 g/treatment). The treatment shift was associated with energy, 

protein, lipids, sodium, potassium and phosphorus intakes. 

This work contributed to a better knowledge of the prevalence and the profile of 

the nutritional status in a representative sample of the Portuguese population with 

stage 5 on hemodialysis chronic kidney disease, contributing to create awareness 

inside and outside the organization. More evidence was found to support the 

recommendation of MIS for routine assessment of nutritional and inflammation 

risk, as well as the confirmation of the cut-off, although with a new trend for a 

high cut-off the pertinence to stratify the risk, for diabetics, and even according 

to diabetic therapy. Concerning oral nutritional support, the intradialytic snack 

model was proven to be an adequate strategy to compensate the catabolic impact 

of HD and can be easily replicated in other clinics. 

Preliminary evidence related to erythropoietin resistance index and interdialytic 

weight gain, showed that further analysis is needed and that the field of impact 

of the nutritional and inflammation risk is wide and needs to be addressed with 

the search of more evidence, in order to contribute to a more precocious and 

precise nutritional intervention. 

The findings that half the population is at nutritional risk, which factors have the 

greatest impact, the confirmation of the prognostic value of MIS and cut-off, the 

new trend in the risk cut-off(s), the possibility to stratify the risk for diabetes, the 

impact of malnutrition in the erythropoietin resistance e the association with 

interdialytic weight gain, confirmed the need to prioritize the clinical approach 

to nutritional and inflammation risk. It also showed that it is possible to have a 

simple and cost effective intradialytic snack model that compensates the 
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catabolic impact of HD as well as an organized and efficient nutrition service that 

is able to gather scientific evidence that contributes to a better patient care, 

which strengthens the evidence of current recommendations, laying the ground 

for replicable best practices and new guidelines. 

 

Keywords: hemodialysis, nutritional status, inflammation, nutritional risk 

management, malnutrition-inflammation score, diabetes, intradialitic nutritional 

support, interdialytic weigh gain, erythropoietin resistance index, 

hospitalization, mortality. 
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General Introduction 
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Currently, the global burden of plurimetabolic disorders such as obesity, diabetes, 

hypertension, dyslipidemia as well as an ever-growing aging population has led to 

an increase of chronic kidney disease (CKD) prevalence, with health, social and 

economic consequences. The world prevalence of CKD was 9.1% (697.5 million 

people) in 2017, and increased 29.3% since 1990. (1) 

The progression of CKD will inevitably lead to the need of a renal replacement 

therapy (RRT): maintenance hemodialysis, peritoneal dialysis or renal transplant. 

Renal transplant, as the RRT of choice, depends on availability of donors and 

criteria fulfillment. Peritoneal dialysis, could represent a good option for RRT but 

is not suitable to all patients, and has limited duration. Thus, maintenance 

hemodialysis (HD) is the more suitable RRT to the majority of CKD5 patients, which 

can undergo it chronically for years, even decades. (1-3) 

Globally, Portugal has one of the greatest incidence and prevalence of CKD. With 

12429 chronic patients as of the end of 2020, the incidence of RRT with HD was 

204.02 p.m.p, the prevalence was 1209.72 p.m.p. (that increased from 953.21 

p.m.p, in 2010) and 65% of patients were older than 65 years. The primary renal 

disease of prevalent patients was diabetes (28.6%), hypertension (13.2%), chronic 

glomerulosclerosis (12.8%), polycystic disease (6.4%), hypo and dysplasia (1.0%), 

other known diseases (19.9%) and unknown (18.2%). (2) to the inherent metabolic 

and nutritional functions of the kidney, it is expected that the decline and failure 

of the kidney will affect nutritional status systemically, making a medical 

nutritional therapy imperative in all CKD stages (RRT included) to compensate the 

progression and loss of the renal function.(4, 5) 

Associated with high morbidity and mortality, and also prevalent in MHD patients, 

protein energy wasting is a syndrome with adverse changes in nutrition and body 
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composition caused by insufficient food intake (a result of anorexia, appetite 

mediators dysregulation, hypothalamic amino acid sensing alterations, high levels 

of nitrogen-based uremic toxins, dietary restrictions, depression and inability to 

obtain or prepare food).(6) 

Other causes also have a great impact on nutritional status, namely: 

gastrointestinal alterations, hypermetabolism (increased resting energy 

expenditure, persistent inflammation, increased circulating proinflammatory 

cytokines, insulin resistance secondary to obesity, altered adiponectin and resistin 

metabolism); metabolic acidosis (decreased physical activity, anabolism and 

testosterone levels, resistance to growth hormone/insulin growth factor-1, low 

thyroid levels); multiple endocrine disorders (insulin resistance and increased 

glucocorticoid activity); and comorbidity and lifestyle related (diabetes, 

depression, congestive heart failure, coronary heart disease and peripheral 

vascular disease).(6-9) 

The HD treatment itself also affects nutritional status due to nutrient losses to 

the dialysate, the dialysis-related inflammation and hypermetabolism, and loss of 

residual renal function.(6, 10-12)   

The idea for this thesis began with the personal and professional challenge as the 

Head of Nutrition Care: to organize a national nutritional department of a renal 

services company that owns 25 outpatients hemodialysis clinics providing RRT with 

MHD to more than 3000 patients in 2014.  

The chronicity of these patients adds some complexity on how nutrition 

intervention is organized and to the way that strategies and policies are designed, 

because, independently of their clinical condition now, there is a high probability 

that they might be, at some point, at nutritional risk. On the other hand, variables 
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such as patients’ literacy, motivation, engagement, satisfaction, socio-economic 

situation, demanding for quality of life and even social responsibility, should also 

be accounted in this equation. 

This represented a unique opportunity to define nutritional intervention 

procedures aligned with the best practices available, to define strategies and 

polices aiming to continuously optimize metabolic control, nutritional status, 

quality of life and reduce mortality risk in patients with different comorbidities, 

background and needs. This population is singular due to a constant and thorough 

surveillance that is facilitated because of MHD frequency.(5) 

This setting of the nutritional care organization should enable an adequate 

knowledge of the population (namely assessing nutritional risk profile and the 

impact of malnutrition and inflammation); an individualized medical nutritional 

therapy; a frequent and sustained nutritional monitoring and intervention with 

defined targets (macro and micronutrient intake, Malnutrition-Inflammation Score 

(MIS), even interdialytic weight gain (IDWG) and anemia management); oral 

nutritional support that compensates HD associated losses; oral nutritional 

supplementation for nutritional rehabilitation; protocols for patients that return 

from hospitalization; awareness of the major nutritional issues; literacy and 

empowerment.(4, 5) 

One might expect that a clinical environment that focuses on the patient, knows 

and aims to minimize the nutritional risk, would favorably enhance nutritional 

status management of this population. 

In the 2018 meta-analysis of Carrero et al., they found that protein-energy wasting 

PEW was a common phenomenon across the spectrum of Acute Kidney Injury (AKI) 

and CKD, and that the prevalence ranged between 28-54%, a large variation even 
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adjusting the data, with the geographical region as the only significant moderator 

explaining the observed heterogeneity.(13) 

The lack of homogeneity in the nutritional risk assessment tools, might also 

explain these variations. In 2018, there was no data available about the 

prevalence of malnutrition in the Portuguese maintenance HD population.(13) 

This raises the first question of how to deal with a problem, if one does not know 

its size and causes, to further define, implement strategies and polices 

accordingly. Of course, we might expect it would be similar to countries with 

comparable demographic and comorbidity profile, however, that data was also 

lacking. (12)  

In the 2020 KDOQI on nutrition update, recommends, for CKD5D patients, the 7-

point subjective global assessment (LOE 1B) and suggests MIS for patients with CKD 

5D on MHD or posttransplantation (LOE 2C), but no cut-offs are suggested.(3)  

Although with a low level of evidence, related to the few studies available, MIS is 

a comprehensive and quantitative assessment tool, inexpensive, rapid to conduct 

with low inter-observer variability if applied by trained professionals, considers 

the intricate relation of malnutrition and inflammation, and is ideal for monitoring 

the nutritional risk, prevalence and evolution in individuals and on large groups of 

patients. When compared with more time-consuming tools such as Bioelectrical 

Impedance Analysis – Multifrequency and Dual Energy X-ray Absorptiometry, MIS 

presents itself as the adequate, feasible and pertinent choice. This data could also 

contribute to a greater level of evidence has referred in KDOQI update.(4, 8, 13-

16)  

Thus, the first step was to proceed with the nutritional assessment with MIS of a 

significant sample of ~3050 patients that received RRT with HD from private 
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provider with the convention of the National Health Service that, at the study 

baseline in January 2016 this representative sample corresponded to 26% of the 

Portuguese population in HD.  

However, we must not forget that PEW onset can be insidious and that nutritional 

rehabilitation is very susceptible to the catabolic pressure of comorbidities, 

infections and hospitalizations. In line with that, we followed-up for 48 months to 

understand its association with hospitalization and mortality, and to define the 

cut-off(s) for malnutrition-inflammation risk that would help us to define 

nutritional intervention protocols for the whole HD or even further, to specify the 

risk in major groups, such as diabetics. 

The systemic implications of the nutritional risk in HD are wide, and it is important 

to understand them. Erythropoiesis and anemia management are an important 

part of therapeutic intervention in HD patients, although with some evidence in 

the clinical practice, the malnutrition and inflammation risk are not often related 

with anemia management. Similarly, IDWG as a routine clinical performance 

measure needs to have clarified its impact, targets and association with 

malnutrition-inflammation risk, hospitalization and mortality. Vascular and skin 

integrity, as well as muscle support, are important to an adequate vascular access 

which are pivotal for an efficient HD treatment, and they can also be related with 

malnutrition.(5, 17-25) 

In terms of core nutritional intervention it is very important that we assure the 

protein, energy, phosphorus, potassium, sodium and water intake needs but also 

to go further, changing the paradigm to a greater focus on micronutrient 

deficiencies and individual metabolic abnormalities.  
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Nutritional support should also play an important role on nutritional status 

maintenance and rehabilitation, particularly during HD treatment, because of the 

inherent catabolic impact of the treatment itself (during and afterwards) and the 

disruptive impact that it causes on patient’s schedules and meals (4 hours of 

treatment and plus at least one to two hours for transportation).  From a medical 

perspective, this nutritional support must be a part of the treatment because it 

should compensate the catabolic impact, that can ascend to 14 g of protein and 

316.8 kcal per treatment, plus the meals that the patients does not eat properly, 

that can represent, for example, as much as 30% if he misses a lunch.(10, 26, 27) 

However, this is not included on the convention reimbursement contract defined 

by National Health System, so it is a decision of the organization to assume the 

financial impact of this nutritional support. So, it is expected to be delivered at 

an efficient cost and with the proof that it attains its purpose. 

The possible options for the nutritional support are intradialytic (ID) meal/snack, 

commercial oral supplements and intradialytic parenteral nutrition. It is expected 

that ID meal/snack, as the most physiologic option, would have better tolerance 

and adherence. Although there are some studies that focus on nutritional support 

with commercial formulas or ID parenteral nutrition, there is a lack of studies with 

models for ID meals/snacks, so further evidence is needed for new or pre-existing 

models.(26-29) 

Nutritional risk assessment and management of a population of CKD5D patients is 

an audacious work, because in the clinical practice context it never ends. 
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Objectives 
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i. To determine malnutrition and inflammation risk profile and the contribution of 

each component. 

ii. To determine the association of routinely assessed clinical factors to 

malnutrition and inflammation risk. 

iii. To determine MIS prognostic value on hospitalization on long-term 

hemodialysis. 

iv. To identify which factors, such as MIS, are associated with EPORI and to assess 

its association with hospitalization and mortality risks. 

v. To analyze the association of diabetes, namely non-insulin treated versus insulin 

treated, with malnutrition and inflammation risk in MHD patients. 

vi. To evaluate the association of the interdialytic weight gain with other 

parameters, as well as with mortality and hospitalization risk. 

vii. To determine, as a proof of concept, if a standardized intradialytic snack is 

adequate to compensate the catabolic impact of hemodialysis. 

vii. To contribute to greater awareness about the impact of the malnutrition and 

inflammation risk in this population.   
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Materials, Methods and Study Designs 

Materials, methods and study designs are described on each manuscript and 

abstract. 
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Background: an interdialytic weight gain (IDWG) lower than 4%-4.5% of the dry 

weight is a target in hemodialysis (HD) patients (pts). The objective of our study 

was to evaluate the association of this clinical performance parameter with other 

parameters, as well with mortality and hospitalizations. 

 

Methods: historical cohort study in a group of high-flux HD pts from 25 outpatient 

hemodialysis clinics, starting from a baseline group of 2975 pts. IDWG and 

Malnutrition Inflammation Score (MIS) were evaluated at the study baseline. For a 

better understanding of weight gain patterns, we calculated the average of the 

IDWG at the day of monthly blood sample collection of the previous 3 months, 

values >4% were considered high. A MIS>5 indicated nutritional risk. 

 

Results: We analyzed 2424 pts (59% males; 32% diabetic, 64% with MIS>5). At the 

baseline 360 pts (16%) presented an IDWG>4%. During the follow-up of 48 months, 

851 pts (35%) died and 1550 pts (63%) were hospitalized at least once. 

Univariable analysis: 

IDWG>4% was associated with HD vintage (11.3±9.7 vs 8.9±9.0 years of treatment, 

p<0.001) lower age (60.1±15.7 vs 69.9±12.8, p<0.001), higher P levels (4.3±1.2 vs 

4.1±1.1, p<0,001), higher EPO resistance index (8.6±8.6 vs 7.1±7.7 

(U/week/kg)/(g/dL), p=0.002), higher KTV (2.01±0.35 vs 1.88±0.30, p<0.001), 

higher URR (0.80±0.05 vs 0.78±0.05, p<0.001), longer weekly HD sessions duration 

(780.8±137.3 vs 743.5±95.2 min, p<0.001),  male gender (21.4% vs 16.6%, p=0.003) 

and non-diabetic patients (2.7% vs 17%, p=0.032).   

IDWG>4% was not associated with MIS>5 (19.3% vs 19.9%, p=0.746),  

Multivariable analysis: 
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IDWG>4% was directly associated with HD vintage (OR 1.02, 95%CI: 1.01-1.03, 

p=0.002), male gender (OR 1.91, 95%CI: 1.46-2.50, p<0.001), nPCR (OR 2.5, 95%CI: 

1.65-3.92, p<0.001), Kt/V (OR 3.17, 95%CI: 2.13-4.73, p<0.001) and EPO resistance 

(OR 1.03, 95%CI: 1.01-1.04, p<0.001).  

Survival curves with Kaplan Meier estimator: 

IDWG>4% was not associated with all-cause mortality (17.9% vs 20.3%, log rank 

0.097) nor with hospitalizations (19% vs 20%, log rank 0.520). 

 

Conclusion: IDWG is a complex parameter with many confounders. IDWG>4% was 

associated with different factors but it was not associated with higher risk of 

hospitalization and mortality. Further analysis is needed to reassess IDWG impact 

and which targets should be met. 
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This thesis is composed of 3 published manuscripts and 3 abstracts. The abstracts 

are related to an exploratory analysis that we made and that have interesting 

findings, but with time constraints we were not able to proceed with the analysis 

or fit in others manuscripts scope.  

In the first manuscript, routine clinical and analytic parameters were found to be 

associated with a MIS that might indicate higher risk. With a demography 

characterized by older patients (one third older than 74 years) and one third with 

diabetes, half of the population was at nutritional and inflammation risk. 

Interestingly regional differences were perceivable, with higher prevalence in 

urban population. 

Concerning the impact of each item to the risk, it was decreasingly higher from 

comorbidities, transferrin, functional capacity, weight variation, low fat body 

reserves, albumin, muscular atrophy, food consumption, to at last body mass 

index (BMI). 

The impact of albumin and muscular atrophy items were lower than expected. 

This population has been exposed to nutritional counseling driven by clinical 

targets, and this intervention might explain these results despite the population 

demography.(7, 8, 14, 30) 

In the multivariable analysis with two adjusted models, an age ≥ 75 years, 

diabetes, low P, low PCreat, low nPCR, high Ca, high EPORI, high Kt/V and high 

CRP were predictors of malnutrition and inflammation risk.  

With these findings, our goal should be the assessment and intervention on those 

conditions if possible on the treatable ones, namely those in which timely 

interventions would have the potential to stop the ongoing cachectic processes. 

This can be obtained, for example, with the enhancement of nutritional status 
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and anti-inflammatory interdisciplinary interventions, but recognizing that 

unchangeable factors such as HD vintage and comorbidities will continue to have 

a great and negative impact. 

Thus, the next step would be a practical approach defining which groups should 

be prioritized, focusing on modifiable factors with greatest impact on MIS, such 

as increasing physical activity, nutritional intake in subclinical nutrient 

deficiencies, increasing the intake of omega 3 fatty acids, assuring an optimal 

intake of energy and increasing fat stores.  

At last, it was shown that is feasible to assess a whole population with few but 

specialized and trained human resources included as part of the nutritionists´ 

regular intervention. It was possible to have no direct impact on labor costs. 

Since 2017, the patients treated by this organization have been yearly assessed 

with MIS, interrupted in 2020 and 2021 because of COVID-19 contingency strategies 

constraints. 

In the second manuscript the aim was to assess the prognostic value of MIS in 

hospitalization and mortality in a 48 month follow-up.  

The use of MIS was recently suggested by the 2020 KDOQI on nutrition update but 

with a low LOE. As our group disposes of one, and we dispose one of the wider 

samples used in studies of this nature, this was a very pertinent analysis to 

perform. (4) 

Concerning the MIS cut-offs, there still is no consensus, with 5, 6, 7 even 10 to be 

suggested, in agreement with Carrero et al. meta-analysis findings with a cut-off 

of MIS≥5.(8, 30-34) 

In this analysis, higher MIS, higher CCI, and lower Kt/V, lower alb, and the 

presence of AVG or CVC increased the hospitalization risk, while higher age, higher 
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IDWG, higher CCI, lower Kt/V, lower alb, lower nPCR and CVC increased the 

mortality risk. We found cut-offs for nPCR (1.05 g/kg/d), for P (4 mg/dL) and for 

HTC (31.2-35.2%) which are in line with previous findings.(4, 5, 17, 18, 35) 

Our study contributed to the confirmation of the prognostic value of MIS in modern 

hemodialysis setting. We also confirmed the MIS cut-off 5 and identified new cut-

offs in our data set: 6.3 for all patients, 6 for non-diabetics and 6.5 for diabetics, 

probably showing a new trend adapted to the interaction between an older dialysis 

populations treated with sophisticated techniques.  

MIS can be used routinely as a tool for the assessment and monitoring of the 

malnutrition and inflammation risk and in intervention protocols/algorithms. It 

should aim for a nutritional status optimization that would be associated with the 

reduction of hospitalizations, considering a cut-off of MIS≥5 for risk assessment. 

In the exploratory analysis of the diabetic patients’ sample, in the first abstract, 

we found that there was a significant difference between insulin treated (INS) and 

non-insulin treated (NIT). A cut-off of MIS>6 is suggested which goes in line with 

the findings of the second manuscript, with INS patients having 1.3-fold increased 

risk of malnutrition. 

Concerning EPORI exploratory analysis, in the second abstract, ROC curve analysis 

suggested several cut-offs associated with higher risk of hospitalization and all-

cause mortality. An EPORI>5 was found to be associated with higher MIS, higher 

CRP and lower HTC. With further evidence needed, we might expect that the 

modification of EPORI predictors that are prone to improvement, such as reducing 

malnutrition and inflammation risk, would contribute to a better anemia 

management and prognosis. 
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The IDWG is a rather complex parameter with many associated bias and 

confounders, and the target is not consensual. However, in routine clinical 

practice a great focus is given to this parameter using a target <4% - 4.5% of IDWG. 

In our exploratory analysis, in the third abstract, an IDWG>4% was associated with 

HD vintage, male gender, higher nPCR, higher Kt/V, and higher EPORI. 

However, IDWG was not associated with MIS>5, hospitalization nor all-cause 

mortality. This raises the question that more evidence is needed, particularly 

regarding the body composition data, to better understand the IDWG impact and 

what targets should be met.   

There is a lack of consensus about intradialytic meals for many described reasons. 

One fact is that HD treatment itself impacts on nutritional needs and status. With 

our tested model, the proof of concept was possible, as showed in the last 

manuscript: with 68% meeting the energy target (316.8 kcal/HD) and 82% the 

protein target (7 g/HD). This model is already implemented in all clinics of our 

organization and can be easily replicated, at low cost. Our model also has the 

characteristic to consider patients preferences and autonomy with the range of 

options. 
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Concluding Remarks 
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Our main findings were: 

i. the prevalence of malnutrition and inflammation in this population was 50%; 

ii. the unchangeable factors, comorbidities and HD vintage, and transferrin, 

functional capacity and weight variation had the greatest impact on risk 

increment, while low fat body reserves, albumin, muscular atrophy, food 

consumption, and BMI, had lower impact; 

iii. age ≥ 75 years, diabetes, low P, low PCreat, low nPCR, high Ca, high EPORI, 

high Kt/V and high CRP were predictors of malnutrition and inflammation risk; 

iv. with trained, motivated and organized, but limited human resources, it was 

possible to nutritionally assess all patients that this organization treated; 

v. twenty years after the development, MIS maintains its prognostic value in long-

term hemodialysis patients, contributing to an higher level of evidence; 

vi. the MIS cut-off of 5 was confirmed and new cut-offs were identified: 6.3 for all 

patients, 6 for non-diabetics and 6.5 for diabetics, showing a possible new trend; 

vii. a higher MIS, higher CCI, and lower Kt/V, lower alb, and AVG or CVC increased 

the hospitalization risk, while higher age, higher IDWG, higher CCI, lower Kt/V, 

lower alb, lower nPCR and CVC increased the mortality risk. 

viii. the cut-off found for nPCR  was 1.05g/kg/d, for P was 4 mg/dL, and for HTC  

was 31.2-35.2%; 

ix. the INS diabetic patients have a 1.3-fold increased risk of malnutrition; 

x. an EPORI>5 was found to be associated with higher MIS, higher CRP and lower 

HTC; 

xii. an IDWG>4% was associated HD vintage, male gender, high nPCR, high Kt/V, 

and high EPORI, but not with MIS>5, hospitalization nor all-cause mortality. 
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xiii. a proof of concept of a simple and cost effective snack intradialytic was 

possible: with 68% meeting the energy target (316.8 kcal/HD) and 82% the protein 

target (7 g). 
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Final Considerations 
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The search of knowledge, evidence and understanding is always a work in 

progress, and many questions are answered, but many more are raised. 

This work contributed to a better knowledge of prevalence and profile of the 

nutritional status in a representative sample of the Portuguese population with 

CKD5D, contributing to create awareness inside and outside the organization. More 

evidence was found to support the recommendation of MIS for routine assessment 

of nutritional and inflammation risk, as well as the confirmation of the cut-off, 

although with a new trend for a high cut-off and the pertinence to stratify the 

risk, for diabetics, for example. 

The exploratory analysis of diabetics (NIT vs INS), EPORI and IDWG, showed that 

further analyses are needed and that the field of impact of the nutritional and 

inflammation risk is wide and needs to be addressed with the search for more 

evidence, in order to contribute to a more precocious and precise nutritional 

intervention. 

Concerning the intradialytic oral nutritional support, sustainability and efficiency 

in compensating the catabolic impact of HD of an intradialytic snack model was 

proven to be an adequate strategy, easily replicated in other clinics. 

The last objective of this thesis was to create a greater awareness and inherently 

a call to action on the question of nutritional status and nutritional risk in 

hemodialysis patients. During the period of this doctoral program, I had the 

opportunity to attend and present our data in three European Renal Association-

European Dialysis and Transplant Association Congresses (1 oral communication 

and 3 posters), two Spring Clinical Meetings (two posters) and three Encontro 

Renal/Portuguese Society of Nephrology (1 award for best communication on 



63 

 

“Nephrology and Diabetes”, 2 oral communications and 1 poster). This 

represented an important opportunity to share and discuss our findings.  

The whole spectrum of nutritional risk management is so wide that can easily 

represent the work for a career lifetime. Although it was embraced 

enthusiastically, due to the limited duration of a doctoral program, much more 

was left to pursue.  

However, these findings confirmed the need to prioritize the clinical approach to 

nutritional and inflammation risk, and showed that it is possible to have an 

organized and efficient nutrition service able to gather scientific evidence that 

contributes for a better patient care, that strengthens the evidence of current 

recommendations, laying the ground for replicable best practices and new 

guidelines. 

Further studies will follow.  

The ones presented in this thesis are the stepping stone for continuing the much 

needed evidence in Renal Nutrition, and that it is a work of a lifetime dedicated 

to CKD5D patients’ higher quality and quantity of life, that fulfills my engagement 

to them. 
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Future Fields of Investigation 
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i. The association of dietary patterns with clinical outcomes in HD patients; 

ii. The impact of oral nutritional support with commercial oral nutritional 

supplements on nutritional status rehabilitation in HD patients with PEW; 

iii. The assessment and management of micronutrients deficiency and metabolic 

abnormalities due to HD treatment; 

iv. The dietary patterns and nutrient intake association with gastrointestinal 

function and microbiota homeostasis in HD patients. 
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