


From Department of Clinical Science, Intervention and Technology, 

Division of Renal Disease 

Karolinska Institutet, Stockholm, Sweden 

NUTRITIONAL STATUS, BODY 

COMPOSITION AND DIET IN OLDER 

ADULTS WITH CHRONIC KIDNEY DISEASE 

Karin Windahl 

Stockholm 2022 



All previously published papers were reproduced with permission from the publisher. 

Published by Karolinska Institutet. 

Printed by Universitetsservice US-AB, 2022 

© Karin Windahl, 2022 

ISBN 978-91-8016-372-9 



Nutritional status, body composition and diet in older 

adults with chronic kidney disease 

THESIS FOR PhD Degree 

By 

Karin Windahl 

The thesis will be defended in public at assembly hall in Danderyd Hospital, Stockholm Friday 

June 3rd, 2022 at 1.00 PM 

Principal Supervisor: 

Associate Professor Marie Evans 

Karolinska Institutet 

Department of Clinical Science,  

Intervention and Technology 

Division of Renal Disease 

Co-supervisors: 

Associate Professor Gerd Faxén Irving 

Karolinska Institutet 

Department of Neurobiology, Care Sciences 

and Society  

Division of Clinical Geriatrics 

MD, PhD Tora Almquist 

Karolinska Institutet 

Department of Clinical Sciences, 

Danderyds hospital 

Division of Renal Disease 

MD, PhD Maarit Korkeila Lidén 

Department of Clinical Science,  

Intervention and Technology 

Division of Renal Disease 

Professor Peter Stenvinkel 

Karolinska Institutet 

Department of Clinical Science, 

Intervention and Technology 

Division of Renal Disease 

Opponent: 

Professor Gerjan Navis 

University of Groningen 

Faculty of Medical Sciences 

Division of Nephrology 

Examination Board: 

Professor Anna Winkvist 

University of Gothenburg 

Institute of Medicine 

Department of Internal Medicine and Clinical Nutrition 

Professor emeritus Per Ola Attman 

University of Gothenburg 

Institute of Medicine 

Department of Molecular and Clinical Medicine 

Professor Dorota Religa  

Karolinska Institutet 

Department of Neurobiology, Care Sciences 

and Society  

Division of Clinical Geriatrics 





POPULÄRVETENSKAPLIG SAMMANFATTNING 

Kronisk njursjukdom är ett folkhälsoproblem i hela världen. I Sverige är förekomsten av 

njursjukdom ca 6 % i befolkningen. Hos äldre individer, över 75 år, är förekomsten ca 28 %. 

Vanliga orsaker till njursjukdom är diabetes och hypertoni, följt av glomerulonefrit, 

nefroskleros, systemsjukdomar och inflammatoriska tillstånd. När njurfunktionen avtar 

uppstår en rad obalanser i kroppen och uremiska symtom uppstår. Det är vanligt att aptiten 

försämras, och många får symtom från mag-tarmkanalen. Då ökar risken för att 

nutritionsproblem ska uppstå. Det finns få studier på kroniskt njursjuka äldre som inte startat 

dialys. I den här avhandlingen har vi använt data från EQUAL- studien, som är en europeisk 

kvalitetsstudie med personer med avancerad njursjukdom. Huvudsyftet med EQUAL-studien 

är att kartlägga beslutsfattande och timing kring dialysstart hos kroniskt njursjuka äldre. Det 

är en observationsstudie inkluderande sex europiska länder (Sverige, Italien, Polen, Tyskland, 

Nederländerna och Storbritannien). Inklusionskriterier är patienter > 65 år med en låg 

njurfunktion (estimerad glomerulär filtration < 20 ml/min/1.73m²), som inte startat dialys och 

följs med standardsjukvård på njurmedicinska enheter i respektive land. Det är drygt 1700 

patienter som ingår i studien. 

I delarbete I beskriver vi deltagarnas nutritionsstatus vid studiens start, och kartlägger 

riskfaktorer för sjukdomsrelaterad undernäring (protein-energy wasting, PEW). Vi har också 

utvärderat en metod för att bedöma nutritionsstatus, Subjective Global Assessment (SGA), 

mot biokemiska och kroppsliga markörer. Majoriteten av studiedeltagarna hade ett bra 

nutritionsstatus, BMI var i medeltal 28, men en fjärdedel klassades med PEW. Förekomsten 

av PEW var högre bland kvinnor, ökade med åldern och var högre bland dem med depression 

och demens. Metoden SGA visade god överensstämmelse med biokemiska och kroppsliga 

markörer. 

Syftet med delarbete II var att kartlägga förändringar i nutritionsstatus hos studiedeltagarna 

över tid, samt att identifiera modifierbara riskfaktorer för ett försämrat nutritionsstatus. Vi 

inkluderade 1103 patienter som hade minst två mätningar av nutritionsstatus (SGA) samt 

självrapporterade uppgifter om uremiska symtom och livskvalitet. Vi fann att 35 % av 

patienterna försämrade sitt nutritionsstatus under ett års uppföljning. Låg fysisk funktion vid 

studiens start, gastrointestinala symtom och rökning var riskfaktorer för försämring i 

nutritionsstatus. De som försämrade sitt nutritionsstatus sjönk också i sin njurfunktion samt 

mentala hälsa.   

Protein innehåller mycket kvävehaltiga ämnen som njurarna har svårt att utsöndra. 

Proteinreducerad kost används till kroniskt njursjuka för att lindra uremiska symtom och 

skjuta på dialysstart. Det är dock osäkert om ett lågt proteinintag är bra för just äldre 

personer. Syftet med delarbete III och IV var att studera om behandling med proteinreducerad 

kost är en säker metod för kroniskt njursjuka äldre. I delarbete III undersökte vi om 

behandling med proteinreducerad kost har ett samband med förändring i kropps- 

sammansättning, jämfört med standard kost. Vi använde metoden bioimpedans (BIS) för att 

mäta kroppssammansättning. Vi inkluderade 75 patienter från två studie center i Stockholm. 

Data insamlades vid studiens start och efter ett års uppföljning. Vi beräknade ett fett-fri masse 

index (FFMI) utifrån BIS. Lågt FFMI är ett tecken på låg andel muskelmassa. Förekomsten 

av lågt FFMI (<15 kg/m² hos kvinnor, <17 kg/m² hos män) var hög både bland patienter som 



ordinerats proteinreducerad kost och de med standard kost. Vi fann dock ingen association 

mellan behandling med proteinreducerad kost och förändring i kroppssammansättning över 

tid. 

Syftet med delarbete IV var att utvärdera om proteinreducerad kost är en säker metod för 

kroniskt njursjuka äldre, utan att påverka nutritionsstatus eller dödlighet. Vi inkluderade 1724 

patienter från EQUAL-studien, varav 39 % var ordinerade proteinreducerad kost. Vi fann att 

risken för försämring i nutritionsstatus var i huvudsak densamma för de båda kostregimerna. 

Risken för dödlighet ökade något efter två år för personer som behandlades med 

proteinreducerad kost, i jämförelse med de som åt standard kost. Vår slutsats är att 

proteinreducerad kost är ett säkert behandlingsval för äldre, kroniskt njursjuka, åtminstone 

upp till två år. 

Sammanfattningsvis fann vi i våra studier att kroniskt njursjuka äldre är en skör grupp, en 

fjärdedel av deltagarna hade tecken på sjukdomsrelaterad undernäring vid studiestart, och var 

tredje försämrade sitt näringstillstånd under första årets uppföljning. Oavsett vilken 

kostbehandling som rekommenderas är det viktigt med nutritionsinsatser tidigt i 

sjukdomsförloppet, då många symtom uppstår.   



ABSTRACT 

Kidney disease is a public health problem worldwide. The prevalence of chronic kidney 

disease (CKD) in Sweden is 6% whereas in people above 75 years of age the prevalence is 

28%. Diabetes and hypertension are common causes of kidney disease, followed by 

glomerulonephritis, renovascular diseases, systemic and inflammatory conditions. When 

renal function decline, many metabolic disturbances occur and several uremic symptoms 

appear. This may lead to deterioration in nutritional status. Older adults with CKD are an 

especially vulnerable group, with high comorbidity and symptom burden. 

The overall aim of this thesis was to study nutritional status and body composition in older 

adults with advanced chronic kidney disease who progress towards uremia and start of renal 

replacement therapy. We identified and described modifiable factors associated with 

nutritional status decline.  Further, we explored if low protein diet was associated with 

change in nutritional status and body composition over time, and mortality. We used data 

from a prospective observational cohort study in six European countries (Sweden, Italy, 

Germany, Poland, The Netherlands, United Kingdom) the EQUAL cohort, including 1739 

patients. Patients were followed by their nephrologist´s, according to standard renal care in 

each country, and included when the incident glomerular filtration rate (GFR) decreased <20 

ml/min/1.73m². 

Study I was a cross-sectional analysis of the EQUAL cohort at baseline.  The prevalence of 

protein-energy wasting (PEW) was 26%. PEW was most commonly indicated by the loss of 

muscle mass and was more common in women, and increased with age (36% > 80 years). We 

report the 7-point SGA method as a valid method to assess nutritonal status over time in older 

adults with CKD. 

Study II was a prospective study, with one year follow-up data from the EQUAL cohort. 

Inclusion criteria were patients with 7-p SGA assessment at baseline and at least once during 

12 month of follow-up. Nutritional status deteriorated in more than one-third of the study 

participants during the first year of follow-up. Low patient-reported physical function, 

gastrointestinal symptoms and smoking were associated with decline in nutritional status. 

Study III was an observational study with cross sectional analysis at baseline and prospective 

analysis after one year. Data collection was performed in two EQUAL centers in Stockholm. 

Inclusion criteria were patients with information regarding prescribed diet and body 

composition measurements at baseline and follow-up at 12 months. There was no association 

between body composition components at baseline or over time with a prescribed low protein 

diet.  

Study IV was prospective with four year follow-up data from the EQUAL cohort. Inclusion 

criteria were patients with information regarding prescribed diet and SGA measurements. We 

found similar risk of nutritional status decline and mortality in low-protein diet treated 

patients as compared with patients on standard diet. However, the risk of mortality increased 

after two years in those treated with low-protein diet. Continuous follow-up by a renal 

dietitian should be recommended, regardless of which dietary treatment is prescribed. 
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1 INTRODUCTION 

Kidney disease is a public health problem worldwide. The prevalence varies across the world, 

and so does the access to treatment 1-3. Today, people are living longer and the numbers and 

proportions of older people are increasing in all societies (WHO). This is also reflected in 

renal care, where the number of aged patients is increasing 4. Health in older people is 

influenced by several physiological and social factors. Having a healthy lifestyle contributes 

to maintain the physical and mental capacity and to delay care dependency 5,6. 

Nutrition plays an important role in all human life. Acute and chronic diseases in several 

organ systems have pronounced effects on food intake and metabolism, with increased 

catabolism and high risk of malnutrition. A healthy lifestyle prevents the onset of many 

diseases, and nutrition therapy is an essential part in management of these diseases 7,8. 

The kidneys have many important functions in the body, to regulate blood pressure and fluid 

balance, filter the blood from waste products, control the production of red blood cells and 

release several hormones. When kidney function detoriates, many metabolic disturbances 

occur and several symptoms appear. The accumulation of uremic toxins has complex 

biochemical effects on almost all organs and body system 9.  

Older people tend to be more prone to muscle wasting in general, having a poor nutritional 

status and impaired physical and mental capacity. Older adults with chronic kidney disease 

(CKD) are an especially vulnerable population, with a high burden of symptoms and 

comorbidities 10,11. When planning health care for older people, the desire is to optimize both 

quantity and quality of life. However, there are limited data on which treatment is the best 

choice for end-stage kidney disease. When kidney function drops below 15% it is necessary 

to decide the modality of renal care as the choice of treatment should rather be a benefit than 

a burden.  

This thesis addresses questions and hypothesis on nutritional status, body composition and 

diet in older adults approaching end-stage kidney disease. We used data from the European 

quality study in advanced kidney disease, including six countries. In study I, we described 

the nutritional status at baseline and examined the prevalence of protein-energy wasting in the 

study cohort. In study II, we explored the changes in nutritional status during follow-up in 

the pre-dialysis phase and identified risk factors of nutritional status decline. In study III and 

IV we investigated the safety of a low-protein diet versus standard diet in this cohort with 

older patients, during 4 year of follow-up. 
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2 BACKGROUND 

2.1 CHRONIC KIDNEY DISEASE (CKD) 

2.1.1.1 Epidemiology 

The definition of chronic kidney disease (CKD) is “abnormalities in kidney structure or 

function that persists for ≥90 days with or without decreased glomerular filtration rate” 12,13. 

In its early phase, CKD is almost asymptomatic and is usually detected on routine screening. 

Signs of CKD are hypertension, albuminuria and an increase in serum creatinine. The kidney 

function decreases in the natural aging process. CKD is classified in five stages, where the 

kidney function is almost normal in stage 1, and where stage 5 is categorized as end-stage 

kidney disease (ESKD. Kidney function could be estimated with equations or measured with 

exogenous markers (for example iohexol) and result in a filtration rate expressed in ml/min 

adjusted to body surface (1.73m2) 9.  When kidney function decreases below 25 

ml/min/1.73m2 the renal care is often intensified and the regular follow-up visits become 

more frequent 14,15. Diabetes and hypertension are common causes of kidney disease, 

followed by glomerulonephritis, renovascular diseases, systemic and inflammatory 

conditions. 

The prevalence of CKD is increasing worldwide and the disease burden affects the 

population much depending on where you live. In socioeconomically disadvantaged countries 

the effects are much worse than in the developed, western societies 1,2. The prevalence of 

CKD in Sweden is 6% whereas in people above 75 years of age the prevalence is 28% 16. The 

prevalence worldwide is 10-13%, depending on how you estimate renal function 17. It is 

expected that the prevalence will increase in the future related to the aging population 

worldwide and an increased incidence of diabetes type 2. Women are overrepresented in the 

early stages of CKD, but are less likely to progress to end-stage kidney disease 18. The reason 

is not fully understood, but it could be speculated that the sex-specific hormones may play an 

important role, or alternatively the degree of health literacy and capacity to self-care may 

explain the sex differences 19. The comorbidity burden is very high in CKD. According to the 

Swedish Renal Registry (SRR) annual report 2019 the prevalence of diabetes in patients with 

CKD is 41% and cardiovascular disease 49%. Furthermore, the prevalence of obesity (BMI 

>30) in patients with CKD is 34%.

This thesis will mainly refer to individuals with advanced CKD (stage 4-5) not having started 

dialysis yet. 

2.1.1.2 Disease progression and symptoms 

There are several well-known risk markers for renal disease progression, such as sex, age, 

body weight, smoking, suboptimal metabolic control in diabetes, high blood pressure and the 

amount of albuminuria 18. Women are overrepresented in the early chronic kidney disease 

population, while men are overrepresented in late stages of CKD and in the dialysis 

population.  Men seems to progress towards end-stage renal disease faster than women 19. 

The sex differences in renal function decline could partly be explained by the fact that women 

are more aware of health and have a higher capability to cope with health strategies. The 

eGFR slope is a good measure to estimate individual renal disease progression, and in some 

studies eGFR decline progresses linearly over time 20. The slope of renal function in the 
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elderly with CKD is about -0.75 ml/min/year - -5.4 ml/min/year, in elderly individuals 

without signs of CKD – 0.75—1.4 ml/min/year 21. 

The symptom burden in CKD is high. The level of uremic toxins increases when renal 

function declines, and many patients are not aware of any symptoms until the kidney function 

is below 30%. Patients report decreased appetite, dry mouth, nausea, gastro-intestinal 

problems, fatigue, pain, loss of strength, muscle cramps, oedema, dry skin and itching 11,22. 

The symptoms are not limited to bodily symptoms, they also include anxiety, depression and 

sleep disturbances. This affects the daily life, emotional wellbeing, the ability to work and 

participation in family and social activities. In addition to several uremic symptoms, many 

patients experience side-effects from drugs. A faster kidney function decline is associated 

with a steeper increase in both symptom severity and number of symptoms 10. Studies show 

that health care professionals underestimate the presence of physical and emotional 

symptoms in their patients, especially in advanced stage CKD 23. The use of patient-reported 

outcome measures may facilitate the communication between patients and health 

professionals. However, this is not yet routine in standard renal care 24. A new application in 

the Swedish Renal Registry with patient-reported outcome measures (PROMs) was recently 

introduced. PROMs include both symptoms and health-related quality of life.  The first data 

was reported by Pagels et al 2020. They describe the implementation process and the initial 

results 25. 

2.1.1.3 Predialysis care and kidney replacement therapy 

The organization and access to renal care varies across the world. In Sweden, the health care 

is financed by general income tax, and the resources are available to all, regardless of 

economic status. In some parts of the world, it is crucial to have a health insurance to get 

access to specialist care and dialysis 26. The pre-dialysis care has an important role in 

optimizing treatment and prepare the patient for conservative care or kidney replacement 

therapy. A multidisciplinary team approach has been successful in many settings 14,27,28. Most 

nephrology outpatient clinics in Sweden have an organization supporting this in a standard 

practice 15.  The organization should include patient education, dietary advice, social support, 

informed treatment choices, access planning and access surgery. Furthermore, it is desirable 

to assess if a kidney transplant is an option and to plan when and where dialysis should start. 

The decision to start kidney replacement therapy should be based on patient-involvement and 

well-structured. Early referral to nephrologist is important and has been associated with better 

outcomes. The survival – and hospitalization rates have  improved,  and patients have better 

access to kidney transplantation 15. The Kidney Disease Improving Global Outcomes 

(KDIGO) recommends that any patient with an estimated glomerular filtration rate (eGFR) 

<30mL/min/1.73m², significant albuminuria (>30mg/mmol) or CKD progression should be 

referred to a nephrologist. In elderly with CKD, treatment choice is challenging, both for 

patients, caregivers and nephrologists. Evidence that dialysis treatment prolongs life or 

improves the quality of life in this population is lacking. The life expectancy of older patients 

(>75 years) on dialysis is about three to four times lower than that of the general population 
15. Since renal care today include several geriatric issues, there is an increasing debate

whether dialysis in older patients should be considered a benefit or a burden and whether

conservative care should deserve a more prominent place in end-stage kidney disease. The

EQUAL study 29 aim to address questions on timing i.e. when is the best moment to start

dialysis in terms of renal function and uraemic signs and symptoms in relation to different

outcomes. The EQUAL study further aim to describe the decision making of nephrologists
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and patients and their caregivers in the process of evaluating treatment choices, and also to 

describe if patients are satisfied with decision making around the start or postponement of 

dialysis.  

Patients treated according to conservative care should receive the same management as for 

patients on dialysis, including control of anemia, blood pressure, fluid overload, electrolyte 

and acid disturbances 30. However, palliative care involves limitations in treatment and 

focuses on the relief of symptoms. The actual available treatment modalities in Sweden are; 

peritoneal dialysis, (self-administered or assisted) and hemodialysis (home/self/incenter). 

Historically, dialysis is a quite “new” treatment. Willem Kolff, from the Netherlands, was a 

pioneer in the field during the Second World War. The first dialysis treatment in Sweden was 

performed in Lund 1946, led by Nils Alwall. Dialysis soon became a valuable method of 

managing temporary decline in renal function, for example after surgery or trauma. In the 

1960s, dialysis could be offered also to those with chronic kidney disease. The largest 

expansion took place in the 1990s and we no longer see an equal annual increase in the 

number of patients. Today, approximately 4000 individuals in Sweden have maintenance 

dialysis, of which 900 are treated with peritoneal dialysis, according to the Swedish Renal 

Registry 2019.  

2.1.1.4 Health-related quality of life 

Health-related quality of life (HRQoL) is an important indicator of how a condition affects a 

person’s life. The concept of HRQoL is based on WHO´s definition of health and has been 

defined as “the subjective assessment of the impact of disease and its treatment across the 

physical, psychological and social domains of functioning and well-being” 31. There are 

several tools to assess HRQoL. The research and development -36 questionnaire (RAND-36) 

is often used in nephrology and consists of 36 items 32. Two identical versions of the original 

tool are currently available; the public, license free version (RAND-36) and the commercial 

version (SF-36).  It has been validated by Orwelius et al in a population with dialysis patients
33. The tool consists of 8 domains; physical functioning, role limitations due to physical

problems, bodily pain, general health, social functioning, role limitations due to emotional

problems, mental health and vitality. RAND-36 results in an overall physical component

score (PCS) and an overall mental component score (MCS).  Patient’s experience of health-

related quality of life is often used as an indicator of the impact that a disease has on their life.

This evaluation includes both the physical and the mental wellbeing. In individuals with

CKD, the HRQOL generally decreases when the renal function decline 34,35.

2.2 NUTRITIONAL STATUS 

2.2.1.1 Terminology 

Historically, there has been a lack in agreement on definitions and terminology in nutrition-

related concepts in the literature, and also in the clinical setting. In 2016, the ESPEN society 

published a paper with consensus in basic nutritional terminology 36. They established several 

concepts; disease-related under/malnutrition (with or without inflammation), undernutrition 

(e g hunger-related undernutrition) and over-nutrition (overweight and obesity). A uniform 

terminology is important to be able to evaluate and compare treatments and results, both in 

the clinical setting and in research. Earlier, in 2008, the International Society of Renal 

Nutrition and Metabolism (ISRNM) published a statement report including nomenclature and 
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diagnostic criteria for protein-energy wasting in acute and chronic kidney disease 37. Their 

aim was also to address the need of a standard terminology related to malnutrition, 

inflammation and wasting, but especially in kidney disease. An expert panel developed an 

uniform nomenclature and classification system. They concluded that the most desirable term 

for describing the malnutrition syndrome in CKD is “protein-energy wasting”. The criteria 

for the clinical diagnosis of protein-energy wasting (PEW) consists of four different domains: 

1. Serum chemistry (low pre-albumin/albumin/cholesterol)

2. Body mass index (BMI <23/unintentional weight loss 5% over 3 months or 10% over 6

months/ total body fat percentage <10%)

3. Muscle mass (reduced muscle mass 5% over 3 months or 10% over 6 month/reduced mid-

arm muscle circumference/low creatinine appearance)

4. Dietary intake (unintentional low energy or protein intake for at least 2 months)

At least 3 out of 4 categories should be documented for the diagnosis of PEW 37. 

The ISRNM has published further major landmark papers in the field where etiology, 

prevention and treatment of PEW are reviewed and discussed 37-41.  

Later, the GLIM criteria was developed, and presented by the global clinical nutrition 

community 42. Their aim was to perform a global consensus on malnutrition in the general 

clinical setting and to identify overlaps with other syndromes as sarcopenia and cachexia. 

This thesis will mainly use the term protein-energy wasting when referring to disease-related 

malnutrition. 

2.2.1.2 Assessment and monitoring 

There is no gold standard how to measure nutritional status. Different disciplines use their 

methods, often by tradition. The most basic measurements to assess nutritional status are 

body weight, height, waist circumference and to calculate body mass index (BMI). In patients 

with CKD, the impact of oedema should always be in mind when interpreting the 

measurements, as well as the influence of polycystic organs. In general, the WHO 

classification is used for BMI and waist circumference43 44. BMI is calculated according to: a 

person’s weight in kilograms divided by the square of the person’s height in meters (kg/m²). 

The BMI ranges are based on the effect excessive body fat has on disease and death and are 

related to obesity. It does not distinguish the proportions of muscles, fat and fluid 45. 

According to WHO, a BMI <18.5 is categorized as underweight, 18.5-24.9 as normal weight 

and >30 as obesity. According to geriatric guidelines, a BMI ≤ 22 is categorized as 

underweight 6, and further, BMI <23 is one criteria in the body mass domain when screening 

for PEW 37. A waist circumference of 102 cm in men and 88 cm in women is classified as 

abdominal obesity. 

Routine nutrition screening should be performed regularly, and the use of composite methods 

is recommended in KDOQI guidelines 46. Furthermore, the ESPEN guideline in geriatrics has 

several basic recommendations that can be applied also in the CKD population; Routine 

screening for malnutrition with a validated tool followed by assessment, individualised 

intervention, monitoring and adjustment of interventions 6. KDOQI guideline suggests that it 
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is reasonable to consider routine nutrition screening at least biannually with the intent of 

identifying those at risk of protein-energy wasting.  

A well-established composite method to assess nutritional status in nephrology is the 

Subjective Global Assessment tool (SGA). It is validated in renal care, and is used in many 

countries 47-49. The KDOQI guidelines suggest SGA as one tool to assess nutritional status. 

Originally, it was developed by Detsky et al in Toronto, Canada, and used in patients 

admitted to hospitals gastrointestinal surgery wards 50,51. It is composed of four domains; 

history of weight change, history of dietary intake and gastrointestinal symptoms and a 

physical examination and visual inspection to screen for loss of fat mass and muscle wasting. 

Originally, the subscales and the overall score was classified into three groups (A, B, C), 

where A is a normal nutritional status, B moderate malnutrition and C severe malnutrition. 

This method was further developed by Visser et al to better suit for repeated measurements. 

The new scale range from 1-7, where 7 corresponds to a normal nutritional status and 1 to 

severe malnutrition 52. 

Other tools to assess nutritional status are the malnutrition inflammation score (MIS) and the 

mini nutritional assessment tool (MNA) 53. MIS is an SGA-based score including 

biochemistry variables 46. It consists of 10 components; in addition to SGA it also includes 

dialysis vintage, BMI, serum albumin and total binding iron capacity. MIS is primarily built 

to assess nutritional status and PEW in hemodialysis patients. MNA is often used in the 

geriatric population 54.  MNA includes a history of psychological problems and 

neuropsychological issues. It is considered to be a valid tool in the general geriatric 

population. 

2.3 BODY COMPOSITION 

2.3.1.1 Assessment 

The standard methods to measure and evaluate body weight in individuals with CKD i. e, 

body mass index (BMI) and weight have some limitations. The methods do not account for 

fluid retention, which is a common condition in CKD 55. Moreover, they are not able to 

differentiate between fat- and muscle mass, bone and the distribution of fat and muscles. 

There are various other techniques to measure and assess body composition which may be 

more accurate in patients with CKD 55. The methods measure or estimate body composition. 

They are either anthropometric, such as skinfold thickness, or non-anthropometric such as 

bioelectrical impedance analysis (BIA), Dual Energy X-ray absorptiometry (DXA), 

computed tomography (CT) and magnetic resonance imaging (MRI). CT and MRI are often 

considered as the gold standard in the general population. They are quite expensive, and not 

always available in the clinical setting. The decision of which method to use depends on the 

aim, availability, feasibility, time and economic resources.  

2.3.1.2 Bioimpedance 

In the clinical setting in Sweden, it is quite common to use a device from Fresenius Medical 

Care, the Body Composition Monitor (BCM) which measures body composition through 

bioimpedance.  In patients on dialysis, it has increasingly become a part of regular health care 

to use bioimpedance, mainly to assess fluid status 56. In CKD it is highly important to use a 3-

compartment model with the bioimpedance spectroscopy (BIS) technique which separates 
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body fat, lean mass, and intra- and extracellular water 57. KDOQI guideline recommend BIS 

in hemodialysis patients, however they state the evidence insufficient in CKD patients not on 

dialysis and suggest DXA when it is feasible 46. Bioimpedance spectroscopy (BIS) measures 

impedance at multiple frequencies (5-1000 kHz) and presents the measurement results based 

on mathematical models and equations specifically designed for assessment of Total Body 

Water (TBW), Extra Cellular Water (ECW), Intra Cellular Water (ICW) and Fat Free Mass 

(FFM). In the individual patient, repeated measurements over time, with the same method, 

provide the most valuable information. A single measurement provides less information, 

unless it differs significantly from normal 55. 

2.4 DIET 

2.4.1.1 Renal diet 

Renal diet is a wide concept, and is not one specific diet. It usually includes an adjustment of 

protein intake, depending on CKD stage, adjustment on energy intake, depending on goals for 

body weight and some level of restricted intake of liquid, sodium, potassium and phosphorus. 

The new, updated KDOQI guideline in Nutrition state dietary recommendations in all CKD 

stages 46. Traditionally, the focus was to restrict the protein intake and increase the intake of 

fat and carbohydrates to maintain the body weight 58. Today, there is a broad perspective on 

diet in CKD, including how to improve dyslipidaemia, protection against inflammation and 

regulate the acid load control 59-62. In patients with CKD, spontaneous food intake decreases 

in parallel with the decline in renal function. In Uppsala, Luis et al performed a study in 

elderly community-dwelling men 63 in which they report a direct and independent correlation 

between renal function and energy intake. In a prospective, observational study by Ikitzler et 

al, it was shown that protein intake decreases spontaneously as the renal failure progresses 64. 

The decreased protein and energy intake and loss of appetite are related to the elevated levels 

of uremic toxins and proinflammatory cytokines in CKD 40. 

2.4.1.2 Low protein diet 

Low-protein diet (LPD) has been used in Sweden since the beginning of the 1970´s. By the 

end of the 1980’s the use of LPD declined, partly because the access to dialysis treatment 

became increasingly available 58. In Sweden, the self-selected model is used, with 

individualized counselling and education by a renal dietitian. Unsupervised LPD´s have been 

shown to be a poor choice since the patients tend to as well reduce the total energy intake 

with an augmented risk for malnutrition 65. A Swedish group, led by Professor Jonas 

Bergström, explored the possibility to improve the diet therapy and supplement the LPD with 

amino acids. They developed amino acid solutions in co-operation with KabiVitrum AB 

Sweden and showed that the nitrogen balance was neutral or even positive with LPD and 

these supplements. The coated tablet Aminess-N® was used for many years, but is out of the 

market today. There is no equivalent product to prescribe in Sweden today, but 

internationally keto-analogues are commonly used 66. Originally, it was a strong consensus 

that at least 50% of the protein intake should be of high biological value. This statement is not 

included in today’s guidelines, and the focus has shifted from animal based protein sources to 

benefits with plant based protein sources.  The use of LPD differ between countries, and also 

in regions in the same country 58,67.  
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Two systematic reviews about low-protein diet have been published in 2018 68,69. In the 

review by Rhee et al, the definition of LPD was <0.8g protein/kg body weight and day. 

Sixteen controlled trials were included in the analysis. They found that LPD (in comparison 

with a protein intake >0.8g /kg body weight and day) was associated with higher serum 

bicarbonate levels, lower phosphorus levels, lower rates of progression to End Stage Renal 

Disease, and a trend towards lower rates of all-cause death. The Cochrane review (originally 

from 2000, updated in 2006, 2009 and 2018) included 17 studies 69. The definition of LPD 

was 0.5-0.6 g protein/kg body weight and day. Individuals with diabetes were excluded.  The 

conclusion was that very low protein (0.3-0.4 g) diets probably lower the rate of progression 

to end stage kidney disease compared with low or normal protein intake (≥0.8 g). The review 

is further discussing the lack of reporting side-effects, such as weight loss and quality of life 

perspectives in the included studies. 

2.4.1.3 Geriatric guidelines 

The general recommendation of protein intake in healthy adults is 0.8 g/kg body weight and 

day. In older adults, the recommended protein intake is at least 1.0 g/kg and day according to 

current guidelines 5,6. These guidelines also state that the protein requirements could be even 

higher if the person suffer from acute disease, infection, inflammation or other catabolic 

conditions. Moreover, the amount should be individually adjusted in regard to disease status. 

In the last years, many studies in the geriatric setting has focused on high protein intake to 

maintain and improve muscle mass and function 5. However, the requirements in older adults 

with CKD is not well studied. The PROT-AGE Study Group presented a position paper in the 

field 2013 70. They conclude that older patients with severe kidney disease (i.e estimated 

glomerular filtration rate < 30 mL/min/1.73m²) who are not on dialysis are an exception to 

the high-protein recommendations. 

2.4.1.4 Clinical aspects 

Most dietitians in Sweden practice the Nutrition Care process in their everyday work 71,72. 

This framework includes four steps; 

1. Nutrition assessment, were the dietitian collects and document information about patient-

history, biochemical- and anthropometry data, food intake and other nutrient-related

information.

2. Nutrition diagnosis: Naming the specific problem, for example to high protein intake

related to recommendations in CKD.

3. Nutrition intervention: individualized, person-centred counselling and education, nutrition

plan, implementation and setting goals.

4. Nutrition monitoring and evaluation.

However, it could be challenging to motivate patients to change their diet and life-style. 

Studies show that patients and caregivers experience dietary advice in CKD as complex and 

challenging 73,74. Several factors are identified to associate with adherence to dietary advice; 

older age, higher level of education, female gender, social and family support, greater self-

efficacy, positive attitudes about the diet and generous dietitian staffing 73-76. Poorer 

adherence is associated with receiving conflicting dietary advice from different health 

professionals, depression, cognitive impairment and inadequate health literacy 73,74. 
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There are several methods to evaluate and monitor adherence to dietary therapy. In the 

clinical setting, 24 hour dietary recalls, food diaries and food frequency questionnaire (FFQ) 

are often used. They could estimate energy, nutrient and fluid intake. It is also possible to 

estimate protein intake by using equations based on urea appearance in 24 hour urinary 

collections 77. Laboratory measurements are valuable to use as a complement. For example 

urea, sodium, potassium, phosphorous, calcium and cholesterol. Low serum albumin levels 

may be used as an indicator of inflammation and a predictor of worse outcome 46. 

. 
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3 RESEARCH AIMS 

The overall aim of this thesis was to study nutritional status and body composition in older 

adults with advanced chronic kidney disease who progress towards uremia and start of renal 

replacement therapy. We identified and described modifiable factors associated with 

nutritional status decline.  Further, we explored if low protein diet was associated with 

change in nutritional status and body composition over time, and mortality. We used data 

from a prospective observational study in six European countries, the EQUAL cohort, 

including 1739 patients recruited in 2012-2016. The more specific aims addressed in the 

studies are the following: 

To examine the prevalence and risk factors of protein-energy wasting, assessed by 7-point 

subjective global assessment. Furthermore, to describe the association between PEW and 

obesity in relation to the patient’s baseline characteristics (Study I). 

To explore the changes in nutritional status over time, in the pre-dialysis phase. Furthermore, 

to investigate if modifiable risk factors and lifestyle are associated with change in nutritional 

status over time (Study II). 

To investigate if a prescribed low protein diet is associated with changes in body composition 

components over time, as compared to a standard diet (Study III) 

To evaluate the safety of low protein diet treatment in older adults with CKD. To assess if 

treatment with low-protein diet is associated with more adverse outcomes (mortality and 

decline in nutritional status) compared with a standard diet (Study IV). 
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4 MATERIALS AND METHODS 

4.1 STUDY POPULATION 

The EQUAL study is a prospective, multicenter, observational cohort study involving six 

European countries 29 (Germany, Italy, the Netherlands, Poland, Sweden and the United 

Kingdom). It started in 2012, and the main aim is to determine when and if dialysis should be 

initiated in elderly patients in order to optimize the quantity and quality of life. Inclusion 

criteria were older adults above 65 years under nephrology care, with an incident estimated 

glomerular filtration rate (eGFR) < 20 mL/min/1.73 m2.. Patients were excluded if the drop in 

eGFR resulted from an acute event, or if they had received dialysis or a kidney transplant 

previously. The patients were followed up every 3-6 months with routine laboratory 

measurements, nutritional status assessment, clinical evaluation, and quality of life and 

symptom questionnaires and received standard care as provided by the nephrology clinics in 

each country. In total, 121 nephrology clinics participated in the study. Data collection 

included routine clinical data like demographics, lifestyle, primary renal diagnosis, 

comorbidities, uraemic signs and symptoms, physical examination, routine blood and urine 

biochemistry, medication, diet and other treatment characteristics as well as hospitalization 

and mortality. In all analyses, we categorized age into five-year intervals, education into four 

classes (low, intermediate, high, and other). Smoking habits were categorized as current 

smoker, former smoker, or never smoker. Alcohol consumption was categorized as drinker 

and non-drinker. For drinkers we collected the average number of unit’s alcohol per week. 

Albumin was categorized into percentiles, and eGFR into quintiles. In addition, data 

collection included information on decision making including patients preferences and 

patients satisfaction. The median age at baseline was 76 years, and 65 % were men. Patients 

were followed until death, discharge from the nephrology clinic to primary care or until the 

end of the study after 4 years of follow-up. A study extension with another two years was 

planned in a second phase. 

4.1 STUDY I 

4.1.1.1 Study design 

Study I is a cross-sectional analysis of the EQUAL cohort at baseline. Data collection was 

performed 2012-2016 during the first phase of the study. The study variables were 

demographics (age, sex, and country), primary renal disease, comorbidities, anthropometry 

(BMI, waist circumference), renal function (eGFR), laboratory measurements and referral 

pattern. A BMI <22 was categorized as low body weight, 25-29.9 as overweight and BMI 

≥30 as obesity. We used the WHO classification of abdominal obesity, 102 cm in men and 88 

cm in women. Late referral was classified as seeing a nephrologist < 3months before study 

inclusion. Inclusion criteria was having a SGA measurement at baseline. In total, 110 

individuals were excluded due to missing SGA. 

4.1.1.2 Outcomes 

The main outcomes were nutritional status components and the prevalence of PEW, in the 

general study cohort and also when obesity was present, assessed with the 7-p SGA method. 

The SGA scoring sheet is presented in supplement I. We also studied the correlation between 

7-p SGA and markers of PEW. To ensure good data quality, all study centers participated in 
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one day training session in the SGA method. We categorized a normal nutritional status as 

having SGA 6-7, a score of ≤5 was considered as an indication of PEW. Muscle wasting was 

defined as having a SGA subscale wasting score ≤5.  

4.1.1.3 Statistical analyses 

The cohort for this analysis included 1334 patients. We performed cross-sectional analysis at 

baseline. Comparisons between the groups were made by nonparametric tests. The 

correlation between 7-p SGA and biochemical markers of PEW was assessed by the 

Spearman’s correlation coefficient. We used binary logistic regression to estimate the crude 

odds ratios (ORs) and 95% confidence intervals (CIs) of all relevant clinical variables that are 

associated with a low versus normal SGA at baseline. Finally, we computed the age- and sex-

adjusted ORs. In a sub-analysis, we further restricted the comparisons between the SGA 

groups and those patients with obesity.  

4.1.1.4 Ethics 

All study participants signed a written informed consent and the EQUAL study was approved 

by the ethical review board in all participating countries (protocol number 2011/1831-

31(original application) 2012/544-32 (supplementary application) 2018/1194-32 (extended 

follow-up time). 

4.2 STUDY II 

4.2.1.1 Study design 

Study II is a prospective cohort study, with 1 year follow-up data from the EQUAL cohort. 

Inclusion criteria were patients with 7-p SGA assessment at baseline and at least once during 

12 month of follow-up. The study variables were lifestyle (smoking and alcohol 

consumption) health-related quality of life (mental health and physical function) and uremic 

symptoms (appetite, nausea, constipation, diarrhea and dry mouth). We used the research and 

development-36 (RAND-36) health questionnaire to assess mental health and physical 

function and the dialysis symptom index to assess uremic symptoms, included in the baseline 

questionnaire (presented in supplement II). The questionnaires were distributed by the 

research nurse at each study visit, and filled in on site or submitted by mail. Reminders were 

sent to those who did not fill in the questionnaires. The domain physical function of RAND-

36 include items on basic activities, self-care, housework and pain. Mental health is primarily 

reflected by measures of emotional well-being, limitations caused by emotional problems and 

social functioning related to family and friends. The physical component summary score 

(PCS) and mental component summary score (MCS) were calculated using norm-based 

scoring, which uses linear transformation to achieve standardized scores with a mean 

(standard deviation [SD]) of 50 (10) for each dimension by using the US population as a 

reference group. Dialysis symptom index consists of 30 symptoms of which we selected 5, 

based on clinical relevant nutrition related factors. Patients scored the symptoms based on 

presence and severity the last months. The scale range from 1-5; “not at all, a little bit, 

somewhat, quite a bit or very much”.  
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4.2.1.2 Outcomes 

The main outcome was nutritional status decline. We defined a decline in nutritional status as 

at least 1 point decline in SGA at any visit during the first 12 months of follow-up. A severe 

decline in nutritional status was defined as a decline of 2 or more points during the first 12 

months of follow-up. We also used data for the entire follow-up period (up to 4 years) to 

calculate the mean nutritional status decline. 

4.2.1.3 Statistical analysis 

In this analysis, 1103 individuals were included. We used different logistic regression models 

to analyze the association between potential risk factors and SGA decline. The models were 

adjusted for: 1 age, sex, country, 2, age, sex, country, comorbidity, BMI, education, smoking 

and alcohol. SGA at baseline correlated strongly with SGA decline, therefore we additionally 

adjusted for baseline SGA in all models. We also studied the SGA slope over the entire 

follow-up period (4 years) with mixed effects linear regression. Adjustments were made 

according to pre-assumption on mediators. Missing data were handled through multiple 

imputations in which we included variables related to demographics, anthropometrics, 

lifestyle, clinical and laboratory data, comorbidity, HRQoL and SGA decline. 

4.2.1.4 Ethics 

All study participants signed a written informed consent and the EQUAL study was approved 

by the ethical review board in all participating countries (protocol number 2011/1831-

31(original application) 2012/544-32 (supplementary application) 2018/1194-32 (extended 

follow-up time). 

4.3 STUDY III 

4.3.1.1 Study design 

Study III is an observational cohort study with cross sectional analysis at baseline and 

prospective analysis after one year. Data collection was performed in two EQUAL centers 

in Stockholm, Sweden. Inclusion criteria were patients with information regarding 

prescribed diet (from the nephrologist’s questionnaire) and body composition 

measurements at baseline and follow-up at 12 months. We excluded patients if the body 

composition measurements were performed > 2 months apart from the clinical data 

collection, if height differed >2 cm compared from baseline and if clinical data were 

incomplete. Exposure was prescribed diet, low protein diet versus standard diet. We 

categorized low protein diet as being prescribed a diet with <0.8 g protein /kg body weight 

and day by the nephrologist at the study centre. If no special diet was recorded, we 

classified those as standard diet. Data collection included primary renal diagnosis, 

comorbidities, nutritional status assessed by 7-p SGA, prescribed diet, blood and urine 

laboratory measurements and body composition measured with bioimpedance 

spectroscopy. In 68 of 75 patients, 24 hour urinary collections were available. We 

calculated protein intake according to the Maroni equation 77 adjusted to normal body 

weight (BMI 23). 
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4.3.1.2 Outcomes 

The main outcomes were body composition components. We used bioimpedance 

spectroscopy technique (BIS) to measure body composition with a device from Fresenius 

Medical Healthcare (BCM). Trained research nurses performed the measurements according 

to standard procedure. Date when the body composition measurements were performed, fat 

mass in kilogram (kg), height, weight, body mass index (BMI), overhydration and 

normohydrated weight (NH) were collected from the device. We calculated fat free mass 

index (FFMI) and fat mass index (FMI) and used the cut-off levels described by Kyle et al 78 

to define participants with normal or low muscle mass (FFMI<17 kg/m² for men and FFMI 

<15 kg/m² for women) and a normal or high fat mass (FMI>8 kg/m² for men and FMI>12 

kg/m² for women). We also categorized the participants into obese sarcopenia (low muscle 

mass + high fat mass) or not. 

4.3.1.3 Statistical analysis 

Univariable logistic regression models were used to study the association between 

characteristics and LPD prescription at baseline. The correlation between 7-p SGA and body 

composition components at baseline were assessed by the Spearman’s correlation coefficient. 

Linear regression analysis was performed to assess difference in  FFMI from baseline to 

follow up for patients prescribed low protein diet compared to standard diet. This model was 

adjusted for age and sex (model 1) and model 1 + overhydration and BMI (model 2).  

4.3.1.4 Ethics 

All study participants signed a written informed consent and the EQUAL study was approved 

by the ethical review board in all participating countries (protocol number 2011/1831-

31(original application) 2012/544-32 (supplementary application) 2018/1194-32 (extended 

follow-up time). 

4.4 STUDY IV 

4.4.1.1 Study design 

Study IV is prospective with 4 year follow-up data from the EQUAL cohort. Inclusion 

criteria were patients with information regarding prescribed diet and SGA measurements. The 

exposure was treatment with low protein diet versus standard diet. We considered low-

protein diet as a time-dependent variable. We categorized diet in several groups, based on 

prescription by the treating nephrologist and by estimated intake calculated from 24 h urinary 

collections. Information on prescribed diet was collected from the nephrologist’s 

questionnaire and categorized as low protein diet if < 0.8 g/kg body weight and standard diet 

if >0.8 g/kg bodyweight. There were three countries that performed 24 h urinary collections. 

We calculated protein intake according to the Maroni equation 77, adjusted to normal body 

weight (BMI 23). We categorized those with actual intake of <0.8 g/kg body weight as low-

protein diet and > 0.8 as standard diet, and further those who were prescribed LPD but had a 

higher actual intake (>0.8 g) and those with standard diet, but actual low intake (<0.8 g). We 

defined adherence to the prescribed diet as achieving more than 50% of the measurements 

within the prescribed diet target over time. We also performed sensitivities analysis with a 
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lower cut-off for LPD, 0.6 g/kg body weight. In the analysis with SGA decline as outcome, 

we excluded patients if they had < 2 SGA measurements over time. 

4.4.1.2 Outcomes 

There were two main outcomes; nutritional status decline and mortality. We regarded a 

decline in nutritional status as -2 point in 7-p SGA at any time-point during follow-up. We 

assessed this cut-off as clinically relevant for the individual patient, and also to minimize the 

risk of misclassification. Mortality was defined as all-cause mortality and collected as part of 

the core study protocol. 

4.4.1.3 Statistical analysis 

We described the incidence of SGA decline per diet strategy. The cumulative incidence was 

graphically visualized through non-parametric methods in cumulative incidence plots. The 

difference in time to SGA decline was explored in competing risk regression models (Fine 

and Gray), with death as a competing risk 79. LPD and KRT were treated as time-dependent 

exposures. In the analysis of all-cause mortality, we described the mortality rate per 100 

person-years. Kaplan-Meyer curves were used to visualize the mortality over time for each 

diet strategy. We analyzed time to death in a cox proportional hazards regression model with 

LPD as a time-dependent exposure. KRT was treated as a time-dependent covariate, all other 

covariates as time-fixed. Since the association with diet and mortality was non-proportional 

over time, we tested the interaction between LPD and time in our model and found it 

statistically significant (p=0.02). We then divided the follow-up into two time periods (< 2 

years, and > 2 years) in all subsequent analyses. In the final models (both for SGA decline 

and mortality), we used multiple imputation with chained equations (5 reps) to minimize the 

risk of bias due to missing data. In the imputation model we included all potential 

confounders and co-variates associated with exposure and outcome. For both outcomes (SGA 

decline and mortality) the selection of adjustment variables in the final analysis was based on 

a priori knowledge of the associations of covariates and outcome. In the analysis of SGA 

decline as outcome the final model included age, sex, comorbidity [cardiovascular disease, 

diabetes mellitus, Charlson comorbidity index], eGFR, plasma albumin, baseline SGA, 

marital status, and education. In the model of all-cause mortality, we included age, sex, 

comorbidity (cardiovascular disease, diabetes mellitus, chronic pulmonary disease, 

psychiatric disease, malignancy, Charlson comorbidity index), SGA at baseline, eGFR, 

plasma albumin, body mass index, marital status, and alcohol consumption in our final 

model. Due to collinearity issues for the multiple imputation models in our analyses > 2 years 

we dropped marital status, malignancy, and chronic pulmonary disease in those models.  In 

subgroup analyses, we first repeated the analyses using a protein intakeat 0.6 g/kg body 

weight as our LPD definition. Further, we used the 24 h urinary collections (n= 763) and 

calculated actual protein intake following LPD initiation based on the Maroni formula. The 

outcomes were reanalysed with the same methodology as described above. The probability of 

survival was explored by prescribed and measured diet strategy each follow-up year and the 

risk differences were then calculated and reported per follow-up year.  
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4.4.1.4 Ethics 

All study participants signed a written informed consent and the EQUAL study was approved 

by the ethical review board in all participating countries (protocol number 2011/1831-

31(original application) 2012/544-32 (supplementary application) 2018/1194-32 (extended 

follow-up time). 
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5 ETHICAL CONSIDERATIONS 

The World Medical Association has developed the Declaration of Helsinki as a statement of 

ethical principles of medical research involving human subjects 80. All studies in this thesis 

are performed in line with this statement.  

All studies in this thesis are observational studies with a minimal physical risk for the 

patients. The measurements were performed by experienced personnel at each study center. 

Ethical approval has been obtained in each country participating in the study.  All patients got 

oral and written information, and signed a written consent before they were included. The 

participants were free to withdraw from the studies at any time. Data were collected at the 

regular visits at the nephrology clinic in most cases. In study III we additionally performed 

BIS measurements, which are usually not part of standard care.   

We consider the standard medical care in each country as being essentially equivalent. 

However, the access to renal dietitians and the tradition of dietary therapy differs between 

participating countries. The assessment of nutritional status followed the same procedure in 

all countries, but we cannot fully ensure that nutritional therapy is equal in all countries 

The EQUAL study is a longitudinal cohort study. An advantage is the ability to apply several 

research questions to data already collected, without causing additional strain on the 

participants. However, the longitudinal study design could also be exhausting for the 

participants. Some follow-up data are missing, for example responses from the 

questionnaires. It could be an indication that the participants got tired of filling out 

questionnaires and ignored them. 

We consider the interference in the personal integrity acceptable in relation to the outcome. 

The detailed nutritional assessment and the answers from the questionnaires contribute to 

new knowledge in the field. We estimate the benefits exceed the eventual risks for the study 

participants. 
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6 RESULTS 

6.1 STUDY I 

A total of 1334 individuals were included in this study. Nutritional status, assessed with 7-p 

SGA, showed that most patients had a normal nutritional status (SGA 6-7) at baseline, 26% 

were moderately malnourished (SGA 3-5) and categorized with PEW. Further,  1% were 

classified as severe malnourished. According to the SGA subscales, 21% had experienced 

recent weight loss, 23% had inadequate food intake and/or gastrointestinal symptoms, 28% 

had visual signs of fat loss and 34% had signs of muscle wasting. A low SGA score and 

muscle wasting was more common in the oldest, above 80 years of age. In individuals with a 

diagnosis of dementia or depression, 60% were classified with protein-energy wasting. 

Patients who were classified with PEW had significantly lower BMI, waist circumference, 

plasma albumin, plasma sodium, hemoglobin, and 24-hour creatinine and urea clearance. 

Overall, the correlation coefficients between 7-point SGA and the biochemical markers for 

PEW were low but statistically significant. 

The risk of PEW increased with age, starting already for patients over 70years, but was most 

prominent among the oldest> 80 years (OR 1.87 95% CI 1.33-2.63). Female gender was 

significantly associated with an increased risk of PEW (OR 1.32 95% CI 1.03-1.69). The 

comorbidity burden based on the Charlson comorbidity index did not increase the risk of 

PEW, while late referral (<1 year before inclusion) showed a borderline statistically 

significant association with PEW. Furthermore, the risk of PEW somewhat increased in many 

comorbid conditions (chronic pulmonary disease, cerebrovascular disease, heart failure, 

peripheral arterial disease, cancer) but these results did not reach statistical significance. The 

relationship between diabetes and PEW was confounded by BMI and showed no association 

in the adjusted model.  

Overall, the study cohort was overweight with a mean BMI 28.4 kg/m² and mean waist 

circumference of 105.8 cm (men), and 100.3 cm (women). According to WHO standards, 

435 (34 %) patients were obese, 469 (37%) were overweight and 110 (9 %) were 

underweight (BMI <22 kg/m²) according to ESPEN recommendations for cut-off values for 

older persons (>70 years) 81 . Many patients from Germany and United Kingdom were obese 

(44% and 43% respectively). As expected, SGA≤5 occurred most frequently in people with 

BMI <22 kg/m2.. The proportion of people with abdominal obesity was almost twice as high  

as compared to body obesity. More women were classified with abdominal obesity compared 

with men. Most of the patients classified with abdominal obesity also had body obesity, but a 

smaller number of those with normal and low BMI also fulfilled the criteria for abdominal 

obesity.  The analyses were restricted to patients with body obesity and showed similar 

associations between biochemical markers of PEW and 7p-SGA. Also, the risk factors for an 

overall SGA score ≤5, and for protein wasting (muscle wasting subscale) among the obese 

patients were similar to those for the cohort in general. 

6.2 STUDY II 

In total, 1103 individuals were included in the analysis. During the 12 months of follow-up, 

77 individuals (7%) started dialysis. The majority of the patients had a normal nutritional 
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status at baseline, 28% were moderately malnourished (SGA ≤5). At baseline, the study 

participants experienced several symptoms; 250 individuals (27%) reported decreased 

appetite, 267 (29%) reported constipation, 175 (19%) reported nausea, 231 (25%) diarrhea 

and more than half the study participants (54%) reported a dry mouth. Overall, mean SGA 

decreased by -0.18 points/year, (95% CI -0.21; -0.14). More than one-third of the study 

participants (34.9%) deteriorated in nutritional status (1 point decline in SGA) and 10.9% had 

a severe decline in SGA (≥ 2 points). The proportion of patients with low SGA (≤5) increased 

every six months. Those who dropped in SGA also declined in eGFR and mental health 

score. Every 10 points decrease in physical function score increased the odds of decline in 

SGA by 23%. Lower physical function score at baseline, gastrointestinal symptoms and 

smoking were risk factors for impaired nutritional status. There was an interaction between 

diabetes and physical function on SGA decline.  

6.3 STUDY III 

In total, 75 individuals were included in this study. At baseline, 17 (23%) were prescribed 

low-protein diet, the mean age was 76 years and 32 were women. The mean eGFR was 

lower in patients prescribed LPD (16.1 ± 5.3 ml/min/1.73 m² versus 20.3 ± 6.1 ml/min/1.73 

m² in standard diet patients). At baseline, 26 (35%) were classified as malnourished (7-p 

SGA ≤ 5) with no statistically significant difference in prevalence for LPD (29 %) versus 

standard diet (36%). 

The mean FFMI in LPD treated patients versus standard diet was 16.6  (SD 2.0) and 17.1 

(SD 2.3) respectively at baseline and 16.6 (SD 2.0) versus 17.0 (SD 3.0) at 12-months 

follow-up with no cross-sectional differences. Low FFMI was common (47 % at baseline 

and 45 % at follow up) with no cross-sectional difference in low FFMI between LPD and 

standard diet at baseline (53 % versus 45 %, p=0.56) or at 12-months follow-up (47 % 

versus 45 %, p=0.87). Of those with low FFMI at baseline, 24 % had obese sarcopenia (low 

FFMI + high FMI), with a slightly increasing prevalence (29 %) at follow-up. Those with 

low FFMI or obese sarcopenia at baseline were more often malnourished according to SGA 

(7-p SGA ≤5) (p <0.001 and p = 0.03, respectively). No cross-sectional difference in obese 

sarcopenia according to LPD was observed at baseline (29 % vs. 22 % in standard diet 

group, p=0.55), nor at follow-up (24 % versus 31 % in standard diet group, p=0.55).  

In the standard-diet-group FFMI was stable, but weight and FMI increased after one year 

(p=0.01 and 0.03 respectively). For the LPD-group, we observed no change in any of the 

measured body composition parameters (weight, BMI, FFMI, or FMI) during the follow-up 

year. There was no difference in the mean change of weight, BMI, and FMI between LPD 

and standard diet. In the univariable linear regression analysis, female sex, BMI, and 

overhydration were positively associated with change in FFMI. Age was borderline 

negatively associated with change in FFMI. In our adjusted analyses we did not observe an 

association between LPD and change in FFMI in any of our models. In subgroup analyses, 

there were no major difference in FFMI change according to LPD for any of the predefined 

groups. Overall, 7-p SGA assessment showed statistically significant positive correlations for 
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weight (r=0.252, p = 0.03), BMI (r=0.334, p = 0.003), FFMI (r=0.374, p=0.001) but not for 

FMI. 

6.4 STUDY IV 

In total, we included 1724 individuals in the main analysis of which 1330 had at least two 

SGA measurements and were retained in the analysis of SGA decline. The median age was 

76 years, 65 % were male, and the mean eGFR was 17.7 (SD 5.7) ml/min/1.73m² in those 

prescribed a standard diet, and 16.7 (SD 5.1) in those prescribed LPD. A low BMI (≤22) was 

found in 151 (8%) patients, and 577 (32%) were obese. At baseline, 737 patients (43%) had a 

normal nutritional status (7-p SGA 6-7), 953 (55%) were moderately malnourished (7-p SGA 

4-5) and 34 (2%) were classified with severe malnutrition.  Median follow-up time was 2.1 

years. 546 started KRT, and 75 individuals were transplanted. Clinical and demographic 

characteristics did not differ in patients at baseline in regard to prescribed diet. Except for 

eGFR which was slightly lower in those prescribed LPD, and p-urea higher in individuals 

with prescribed LPD. Among the 1724 patients, 670 patients (38.9%) were prescribed LPD at 

some point during the follow-up. The majority were from Italy (44%), Sweden (27%) and 

from the Netherlands. The incidence rate per 100 person-years for SGA decline was 8.6 (95% 

CI 7.4-10-1) in those with a standard diet, and 8.9 (95% CI 7.3-10.9) in individuals 

prescribed LPD (<0.8 g/kg/body weight). The adjusted sub hazard ratio (sHR) for decline in 

SGA was 1.00 (95% CI 0.71-1.42) in those prescribed LPD, compared to standard diet. The 

incidence rate for mortality was 12.1 (95% CI 10.6-13.7) per 100 person year in those with 

standard diet and 10.3 (95% CI 8.4-12.6) in individuals prescribed LPD. The mortality risk 

increased over time in those prescribed LPD. At follow-up > 2 years the incidence rate was 

15.9 (95% CI 13.1-19.4), and further, in those with standard diet, but a spontaneous low 

protein intake the incidence rate was 16.3 (95% CI 10.1-26.2).  
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7 DISCUSSION 

7.1 METHODOLOGICAL AND RESULTS DISCUSSION 

7.1.1.1 General discussion results 

With an aging population, strategies to effectively improve the health outcomes must be 

developed in the near future. Old CKD patients form a vulnerable group, with high symptom 

burden, comorbidity and hospitalization. Several studies report the underlying 

pathophysiological mechanisms in CKD related to protein-energy wasting. But less is known 

about the prevalence of PEW in older adults with CKD. We found that 26% of our study 

participants had signs of PEW at baseline. Comparisons with a healthy aging population is 

difficult since nutritional status seldom is assessed with the SGA method in this setting. In a 

large study from Brazil with CKD patients, the prevalence of PEW (assessed with 7-p SGA) 

was estimated to be 11%. However, their study participants were younger and had a higher 

eGFR than in our study. Other studies report the prevalence of PEW to be 11-54%, 

depending on CKD stage 82. In dialysis patients, it is estimated to be even higher 82.  Decline 

in nutritional status over time was common in our study cohort. At 12 months follow-up, 35 

% of the study participants had impaired nutritional status with – 1p in SGA, and 11 % had 

experienced impaired SGA with – 2 points. At 4 years follow-up 20 % had declined in 

nutritional status with – 2 points. However, the majority did not deteriorate, and those with a 

stable nutritional status were also more stable in the mental component score and eGFR 

during follow-up. The cause and effect of this relationship is complex, and may be 

bidirectional. Further, we found current smoking, low physical function score, 

gastrointestinal symptoms and decreased appetite as risk factors associated with nutritional 

status decline. This knowledge is important for all health professionals in renal medicine, and 

should guide professionals when conducting person-centered care. 

Low protein diet has been used for several decades in CKD patients to reduce uremic 

symptoms and postpone the start of dialysis. There has been a concern whether this will lead 

to increased prevalence of PEW, especially in elderly patients. In our study (IV) the risk of 

SGA decline was almost similar in the LPD group compared to the standard diet group. 

Further, there was no difference in the prevalence of low FFMI between LPD treated patients 

and standard diet patients at baseline or at 12 months follow-up in study III. There are limited 

data on long-term use of LPD in elderly with CKD. However, available studies are in line 

with our results, and support the use of LPD also in older adults.  A spontaneous reduction in 

protein intake has earlier been reported as harmful and to increase the risk of a poor 

nutritional status 83. Interestingly, the subgroup in study IV with a prescribed LPD, but a 

measured higher protein intake had a lower risk of nutritional status decline. We speculate 

that this could be due to nutritional status monitoring and personalized dietary advice. In 

total, 39% of the study participants died during the 4 year of follow-up. The mortality rate 

over four years was similar in the standard diet and prescribed LPD group. However, the 

long-term follow-up (> 2 years) showed an increased mortality risk over time, indicating that 

LPD could be less beneficial when used for many years. The absolute risk difference up to 4 

years of follow-up was however very small. Thus, our data suggest that LPD is a safe 

treatment option, also in older adults, at least when used up to two years. Regardless which 

dietary strategy is prescribed, it is important to evaluate and monitor the nutritional status and 

diet over time to minimize the risk of worse outcome. 
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7.1.1.2 Observational study design 

In the traditional hierarchy of study designs, the randomized controlled trial (RCT) is placed 

on top, followed by cohort studies, case-control studies, case reports and case series 84. 

Another approach is to divide studies into analytic and non-analytic studies 85. In 

observational analytic studies, the exposure is measured without manipulation by the 

researcher. However, the observation itself can be considered as an intervention. A patient 

that repeatedly fills in a questionnaire about health and symptoms becomes more aware of the 

symptoms, and could experience them in a more prominent way. In this thesis, all studies are 

observational. A strength is the multicenter study design. Study I, II and IV include all the 

European study centers. Study III include two study centers in Sweden. A general limitation 

in the observational study design is that causal interpretations are limited 85. 

7.1.1.3 Selection bias 

All studies in this thesis are performed with data from the EQUAL cohort. Selection bias can 

be introduced when individuals are differently likely to be part of a study. Study center 

selection can introduce bias, and within center can selection bias occur. In the EQUAL study, 

the center selection was handled as following;   

“Study centers in each country were invited by the national EQUAL study investigator by 

mail or information at a website, and most agreed to participate. All eligible patients at each 

center were screened. In Sweden, the national coordinator invited centers which were 

geographically close, large enough to provide a substantial number of patients, and who had 

delivered good quality data to the national CKD registry in the first phase. In the second 

round, the national investigator expanded the invitation to centers from other regions who 

were large enough and who had provided good quality data to the CKD registry. Three 

centers in all declined participation. All centers in the first phase were invited to one national 

meeting where the study protocol was reviewed and one where SGA training was performed 

(by the research nurse from Dianet Dialysis Centers in Amsterdam). Centers in the second 

phase were given individual training by the national study center. Centers were instructed to 

screen all eligible patients. Reasons for exclusions were noted. Similar procedure was 

performed in all the other five countries”. 

Rau and co-workers at the United Kingdom (UK) study center in Bristol 86 has explored 

whether patients participating in the EQUAL study were similar to “real-world” patients with 

an eGFR <20mL/min/1.73m² regarding baseline characteristics, survival and hospitalization. 

They used The Health Improvement Network database to identify patients attending renal 

clinics, as a reference cohort and compared them to the UK patients (n=236) included in 

EQUAL. They found that the patients in EQUAL were more likely to be younger, male and 

from an urban setting compared with the reference cohort. EQUAL patients were more 

likely to start dialysis and had a greater probability of being alive at one year compared 

with the reference cohort. It is most likely that it is the same pattern in all countries 

participating in the EQUAL study. The overall better health of EQUAL patients meant that 

they were less likely to be admitted to hospital for illnesses. One explanation for a lower 

proportion of women in the EQUAL cohort could be due to slow progression rates in 

women. The slower progression rate means that there will be a smaller cohort of women 

reaching an incident eGFR of <20mL/min/1.73m². In general, participants in trials have 

better survival not only due to being healthier, but perhaps also reflecting the better medical 

oversight and monitoring 86.  
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7.1.1.4 Misclassification 

Misclassification occur when a study participant is assigned to an incorrect category. In study 

I, we defined PEW as having a SGA ≤5. We chose this cut-off since we regarded this as a 

clinically relevant level, and also because we found this cut-off in the literature 48. However, 

the 7-p SGA tool has subjective elements and misclassification may occur. In study II we 

regarded a decline in nutritional status as – 1p in SGA, and further – 2 p in SGA as a severe 

decline. A decrease from 7 to 6 is within the same class, well nourished, and there could be a 

risk of misclassification.  We regarded those with SGA decline as a decrease in nutritional 

status. They could then have gained weight, improved muscle mass, recovered and increased 

in SGA at a later time-point. However, we did not handle this scenario in the analysis 

process. 

7.1.1.5 External validity. 

A general challenge of all research study is external validity. When conducting observational 

studies, it is important to clarify how generalizable the results are beyond the study 

population 86,87.  It is also of clinical relevance to be able to translate results from science to 

improve healthcare. Study I, II and IV are multi-center studies and we believe that the results 

could be generalized to the European CKD population in general. However, socio-economic 

factors and eating habits could differ between countries and then influence the 

generalizability. Study III is performed in two centers in Stockholm. The sample size is small 

and make it difficult to generalize.  

7.1.1.6 Confounding 

In order for a variable to be a potential confounder, it must have an association with both 

the exposure and the outcome, and further it must not be an effect of the exposure, nor be a 

factor in the causal pathway 88. There are both known, and unknown confounders. Since it 

is difficult to both define and measure all confounders, residual confounding may still be 

present in all studies. In randomized trials, it is possible to reduce the confounding by the 

randomization procedure. In observational studies, you have to adjust for confounders in 

the analysis process, after study completion. It is possible to control this trough 

stratification and multivariate analysis. Another way to approach confounding is by 

directed acyclic graphs 89.  

7.2 STUDY I 

7.2.1.1 Discussion – methods 

We did not perform a validity study of the SGA method, since it has been performed earlier. 

However we evaluated SGA against other nutritional measures with good correlation. SGA is 

one of the nutritional scoring systems suggested by the ISRNM 37 and KDOQI 46. The tool 

has many strengths in both the clinical and research setting. It is inexpensive, it is rapid to 

conduct, it can be used effectively by providers from different disciplines. However, the 

overall score is not a numerical weighting scheme, it is a score assigned on the basis of a 

subjective weighting. The loss of subcutaneous fat and muscles are not precise, rather an 

impression of the degree of loss. There could be a risk of misclassification of the nutritional 

status and presence of PEW. It might be a loss of information when categorizing the 7-p SGA 
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into 3 categories, instead of using SGA as a ordinal variable. Lim et al showed that the 7-p 

SGA could detect changes in nutritional status in a shorter period of time compared to the 

conventional SGA with the scale A, B and C 90, which support the use of the 7-p SGA in 

studies. 

The results in study I indicated that laboratory markers were the result of PEW rather than a 

mediator, which is why we choose not to consider them in our risk factor analysis. 

Furthermore, our analysis showed that the most important confounders of each potential risk 

factor was age and sex, the other variables were mediators. As an example, differences in 

BMI may occur as a result of age or diet or sex, and therefore it is not correct to consider 

BMI a confounder for these risk factors. The only exception to this was for diabetes and 

comorbidity, where the association was confounded by independent differences in BMI. This 

is why we choose to adjust only for BMI for those two variables.  

When reporting the results, we used the ISRNM cut-off for underweight, BMI 22, in addition 

to the WHO classification 37,43. The ISRNM diagnostic criteria for PEW include four 

domains; serum chemistry, body mass, muscle mass, dietary intake. In the domain body 

mass, a BMI <23 or unintentional weight loss over time 5% over 3 months or 10% over 6 

months or total body fat percentage <10% is considered a risk factor of PEW. 

We reported obesity as general obesity and abdominal obesity to differentiate between the 

two types of constitutions. The prevalence of obesity differ in Europe 91. We could for 

example see that obesity was very common in Germany and UK. While obesity is a risk 

factor for the onset of CKD, it seems protective with survival advantages in advanced CKD, 

often referred to as the “obesity paradox”. It could be explained by competing risks; a high 

amount of energy store could be protective of PEW, and the complications of PEW are 

associated with worse outcomes than those of obesity. However, obesity is associated with 

inflammation, insulin resistance, hyperlipidemia and oxidative stress 92,93. 

The severity of comorbidity is likely to increase the risk of PEW. In study I, we used the 

presence of a medical diagnosis to classify comorbidity but not the severity. This may have 

reduced the association with certain conditions, such as chronic obstructive pulmonary 

disease or congestive heart failure. We may then have missed some weight of comorbidity 

since we only included medical diagnoses and not the severity of the diseases.  

7.3 STUDY II 

7.3.1.1 Discussion – methods 

There were some missing data in study II, for example from the questionnaires. Some small 

differences in missing data were related to country and sex. All study centers were trained 

and followed a standard study protocol when collecting data. Motivated patients could be 

more prone to complete for example questionnaires, and those with higher comorbidity 

burden may contribute to missing data. However, in the analysis, we handled this through 

multiple imputation in which we included all variables related to demographics, 

anthropometrics, lifestyle, clinical data, comorbidity, RAND-36, laboratory data and 

outcome. RAND-36 and SGA has been translated and validated in other studies by 

researchers experienced in questionnaire development and patient-reported measures 33. The 

dialysis symptom index 94 was translated by the national study investigators in each country 
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into the native language of each country. Patient-reported measures could lead to 

misclassification, the consumption of alcohol and smoking habits could be especially 

intrusive.  

7.4 STUDY III 

7.4.1.1 Discussion – methods 

In study III, we used information on prescribed diet as our exposure. Initially, our intention 

was to limit the data since some of the analysis was part of a master project. However, later in 

the process, we added data with calculated protein intake from 24 hour urinary collections to 

better verify the exposure. To measure our outcome, we used BIS to measure body 

composition. BIS was not available in all study centre, therefore we used data from centres 

who already had the technical device. These two centres were University hospitals and may 

therefore not be representative for the European or national study cohort. There were missing 

data at follow-up, and we chose to perform complete case analysis. In brief, there are three 

categories of missing data, missing completely at random, missing at random and missing not 

at random. We believe that data in this study was missing at random. 

It is important to use the correct height in all the measurements to make the BIS method 

valid. Reduced height is common in the natural aging process, in osteoporosis and vertebral 

compressions. Height differences from baseline to follow-up was common in our study. 

However, we excluded those with differences > 2 cm. Studies indicate that DEXA and 

bioimpedance are not interchangeable methods, which makes it difficult to compare results 

from other studies with different methods 95. In the clinical setting, it may be more important 

to measure and improve muscle strength and physical function than the lean mass. 

7.5 STUDY IV 

7.5.1.1 Discussion – methods 

In study IV, we used information on diet from the physician’s questionnaire and from 

calculations based on the 24 hour urinary collections. Three countries choose to perform 24 

hour urinary collections (Sweden, Italy, the Netherlands). We used the Maroni formula to 

estimate the protein intake and adjusted the intake to a normal body weight (BMI 23). This is 

not standard in all studies. However, we consider this adjustment relevant and it is usually 

used in the clinical setting. 

When prescribing LPD, the intention is to reduce uremic symptoms and postpone the start of 

dialysis. However, we do not know if those prescribed LPD experienced more symptoms 

before or when included in the study. It could be that those on LPD had a higher disease and 

symptom burden, on the other hand more likely to be more health-conscious in general. 

Confounding by indication could be present. For example, patients with more severe 

symptoms usually receive treatment that is more intensive. As a result, the group receiving 

more intensive treatment may have worse outcomes due to their worse prognosis at baseline. 

We classified adherence to the prescribed LPD as >50% of measurements (calculated from 

24 hour urinary collections) within target. It might introduce misclassification of diet 

regimen.  
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8 CONCLUSIONS 

The overall conclusions in this thesis are: 

 Assessment and monitoring of nutritional status is important in CKD, since the

prevalence of protein-energy wasting (PEW) is high (26%).

 The 7-point SGA is a valid method to assess nutritonal status over time in older adults

with CKD.

 PEW is most commonly indicated by the loss of muscle mass and is more common in

women, and increases with age (36% > 80 years).

 Nutritional status deterioated in more than one-third of the study participnats during

the first year of follow-up.

 Low patient-reported physical function, gastrointestinal symptoms and smoking were

associated with decline in nutritional status.

 Low protein diet is a safe treatment in older CKD patients, with similar risk of

nutritional status decline and mortality as compared with standard diet, at least up to

two years.

 In a Swedish subgroup, there was no association between body composition

components at baseline or over time (1 year) with a prescribed low protein diet.

 Continuous follow-up by a renal dietitian should be recommended, regardless of

which dietary treatment is prescribed.
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9 POINTS OF PERSPECTIVE 

9.1 FUTURE RESEARCH AND CLINICAL IMPLICATIONS 

In this thesis, we found that a poor nutritional status is prevalent in older adults with chronic 

kidney disease. Many factors influence the nutritional status, and those who are modifiable 

are important to include in intervention studies. Since uremic symptoms and impaired 

nutritional status occur in the pre-dialysis phase, it is highly relevant to start with 

interventions early to prevent this to escalate. To facilitate this, patients must be referred to 

nephrologist and dietitians in early CKD stages. A close collaboration with general 

practitioners and clear guidelines for referral to specialist are crucial. Many studies support 

renal care with multidisciplinary teams. Combining interventions with diet, exercise and 

psychological support would be successful. Future studies should also include patients and 

caregivers perspective.  Qualitative research can provide a broader knowledge of diet habits, 

willingness to change lifestyle and experience of diseases and symptoms. Moreover, 

randomized controlled trials are important to draw causal interpretations. 

We studied if low-protein diet was associated with decline in nutritional status and mortality 

as compared to standard diet. In future studies, it is also relevant to study the association with 

the severity and numbers of uremic symptoms, quality of life and time to kidney replacement 

therapy start. Further, the type of protein source is interesting. Studies indicate that plant-

based diets are positive in general, and also in CKD. It is important to bear in mind that about 

40% of the CKD patients also have a diagnosis of diabetes. It is therefore relevant to study 

diet with a holistic approach, and include metabolic control, heart-healthy diet, acid-control 

and potential anti-inflammatory compounds in the research questions. In our studies, we used 

data on prescribed diet and measured protein intake. In the future, it is possible to use this 

information and design studies on adherence to diet. 
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