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Abstract  

Background: Patients with chronic kidney disease (CKD) face numerous challenges 

regarding their nutritional status due to their reduced kidney function, consequently 

change in metabolism, frequent comorbidities, and concomitant polypharmacy.   

Nutritional status may be assessed by measurements of anthropometry, body 

composition, dietary intake and biochemical markers. However, the determinants and 

consequences of nutritional status in the continuum of chronic kidney disease are not 

well described.   

Aims: The overall aim of this PhD project was to study nutritional status and the 

indicators of nutritional status in patients at different stages and treatment modalities 

of CKD and to investigate possible determinants and consequences of impaired 

nutritional status.  

The specific aims were 1) to assess nutritional status comprehensively, 2) to describe 

the medication prescription and investigate the association with nutritional status, and 

3) to investigate whether indicators of nutritional status are associated with mortality 

risk in patients along the continuum of CKD.   

Methods: Patients with pre-dialysis CKD stages 3-5, end-stage kidney disease treated 

with haemodialysis and kidney transplanted patients were included in this PhD project, 

consisting of two cross-sectional studies and one longitudinal study. Nutritional status 

was thoroughly assessed at inclusion by measurements of anthropometry, muscle 

strength and body composition, assessment of dietary intake by a 24-hour dietary 

recall, and biochemical measurements. We identified patients with sarcopenia 

(European Working Group of Sarcopenia in Older People 2 criteria), at risk of 

undernutrition (Nutritional Risk Screening 2002), and central obesity (WHO criteria). 

Further, we collected information about prescribed medications and structured the 

medications according to the common or very common side effects of nausea and 

xerostomia. Finally, we collected information about mortality two years after inclusion.       
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Results: We identified a high prevalence of overweight and obesity, as well as central 

obesity and sarcopenia. There was a low overall prevalence of undernutrition in 

patients along the continuum of CKD, while more prevalent in patients receiving 

haemodialysis.   

Furthermore, we observed a high prevalence of polypharmacy and excessive 

polypharmacy in the study population. The number of prescribed medications was 

inversely associated with markers of nutritional status such as mid-upper arm 

circumference, skinfold triceps, handgrip strength, serum albumin and haemoglobin in 

linear regression models adjusted for age, sex and kidney function. Prescribed 

medications with nausea as a side effect showed similar associations while medications 

with xerostomia as a side effect were associated with lower handgrip strength. 

Finally, we investigated the two-year mortality risk associated with indicators of 

nutritional status in CKD patients. Sarcopenia was associated with mortality risk in 

Cox regression analyses adjusted for age and kidney function, while central obesity 

was not associated with mortality risk. Other markers of nutritional status, especially 

those related to muscle mass and strength, were associated with mortality risk, 

including handgrip strength, phase angle, and mid-upper arm circumference. 

Conclusion: Our findings indicate that patients with CKD  have several challenges 

related to nutritional status, including overweight, obesity, central obesity, and 

sarcopenia. Patients with CKD were prescribed a high number of medications, and 

CKD patients with long medication lists may be at risk of impaired nutritional status. 

We observed an increased mortality risk in patients with sarcopenia, but mortality was 

not associated with waist circumference or BMI. More research on the underlying 

causes of impaired nutritional status in CKD is required, such as sarcopenia, and the 

molecular mechanisms involved. The challenges of nutritional status observed in this 

project would not have been captured by the measurement of height and weight alone, 

and thus a more comprehensive nutritional assessment in regular patient care to identify 

the patients at risk of a suboptimal nutritional status is warranted.  
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Sammendrag  

Bakgrunn: Pasienter med kronisk nyresykdom møter mangfoldige utfordringer 

vedrørende deres ernæringsstatus, relatert til redusert nyrefunksjon, påfølgende 

metabolske forandringer, mangfoldige komorbiditeter og polyfarmasi. Ernæringsstatus 

kan vurderes ved hjelp av antropometriske målinger, kroppssammensetning, kosthold 

og biokjemiske markører. Faktorer som er avgjørende for og konsekvenser av 

ernæringsstatus i et kontinuum av kronisk nyresykdom er ikke godt beskrevet.   

Mål:  Det overordnete målet var å studere markører og indikatorer for ernæringsstatus 

hos pasienter i ulike stadier og behandlingsmodaliteter av kronisk nyresykdom, samt 

undersøke mulige avgjørende faktorer og konsekvenser av ernæringsstatus.  

De spesifikke målene var 1) Å gjøre en omfattende vurdering av ernæringsstatus, 2) å 

beskrive ordinering av medikamenter, samt sammenhengen mellom medikamenter og 

ernæringsstatus, 3) og å undersøke hvorvidt indikatorer for ernæringsstatus er assosiert 

med dødelighet hos pasienter med kronisk nyresykdom.  

Metode: Pasienter med pre-dialytisk kronisk nyresykdom stadium 3-5, nyresvikt 

behandlet med hemodialyse og nyretransplanterte pasienter ble inkludert i dette 

prosjektet, bestående av to tverrsnittstudier og en oppfølgingsstudie. En omfattende 

vurdering av ernæringsstatus ble gjennomført ved inklusjon, ved hjelp av 

antropometriske målinger, kroppssammensetning, muskelstyrke, 24-timers 

kostintervju og biokjemi. Vi identifiserte også pasienter med sarkopeni (European 

Working Group of Sarcopenia in Older People 2-kriterier), i risiko for underernæring 

(Nutritional Risk Screening 2002) og med sentral fedme (WHO-kriterier). Videre 

samlet vi inn informasjon om ordinerte medikamenter og strukturerte disse etter 

hvorvidt de hadde kvalme eller munntørrhet som vanlig eller svært vanlig bivirkning. 

Til slutt samlet vi inn informasjon om dødelighet to år etter inklusjon.  

Resultater: Vi fant en høy prevalens av overvekt og fedme, i tillegg til en høy 

prevalens av sentral fedme og sarkopeni hos pasienter med kronisk nyresykdom. I den 
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totale populasjonen fant vi en lav prevalens av risiko for underernæring, mens i 

pasienter behandlet med hemodialyse var dette et mer vanlig funn.   

Vi observerte en høy prevalens av polyfarmasi og overdreven polyfarmasi i 

studiepopulasjonen. Antall ordinerte medikamenter var inverst assosiert med markører 

for ernæringsstatus, slik som overarmsomkrets, triceps hudfoldtykkelse, gripestyrke, 

serum albumin og hemoglomin i lineære regresjonsmodeller justert for alder, kjønn og 

nyrefunksjon. For ordinerte medikamenter med kvalme som bivirkning observerte vi 

liknende sammenhenger, mens for medikamenter med munntørrhet som bivirkning 

fant vi en sammenheng med gripestyrke.  

Sarkopeni var assosiert med økt risiko for død etter to år, mens sentral fedme var ikke 

assoisert med økt risiko i Cox regresjonsanalyser justert for alder og nyrefunksjon. 

Andre markører for ernæringsstatus, spesielt de relatert til muskelmasse og -styrke var 

assoisert med dødelighet, inkludert gripestyrke, phase angle og overarmsomkrets.  

Konklusjon: Våre funn indikerer at pasienter med kronisk nyresykdom har flere 

utfordringer relatert til ernæringsstatus, inkludert overvekt, fedme, sentral fedme og 

sarkopeni. Pasienter med kronisk nyresykdom er ordinert et høyt antall medikamenter, 

og pasienter med lange medikamentlister kan ha økt risiko for redusert ernæringsstatus. 

Vi har observert økt risiko for død i pasienter med sarkopeni, men fant ikke en 

sammenheng mellom sentral fedme og dødelighet, eller BMI og dødelighet. Mer 

forskning på underliggende årsaker for redusert ernæringsstatus i pasienter med 

kronisk nyresykdom er er nødvendig, slik som sarkopeni og relaterte molekylære 

mekanismer. Utfordringene relatert til ernæringsstatus som er observert i dette 

prosjektet ville ikke ha vært fanget opp ved målinger av vekt og høyde alene. En mer 

omfattende vurdering av ernæringsstatus trengs for å avdekke slike utfordringer i 

klinisk praksis.   



 12 

List of Publications 

Dierkes J, Dahl H, Welland NL, Sandnes K, Saele K, Sekse I, H.P. Marti. (2018) High 

rates of central obesity and sarcopenia in CKD irrespective of renal replacement 

therapy – an observational cross-sectional study. BMC Nephrol. Doi: 10.1186/s12882-

018-1055-6. 

Dahl H, Sandblost SRT, Welland NL, Sandnes K, Sekse I, Sæle K, Marti HP, Holst L, 

Dierkes J. (2021) Medication Prescription, Common Side-effects, and Nutritional 

Status are Associated in Patients with Chronic Kidney Disease. J Ren Nutr. Doi: 

10.1053/j.jrn.2021.10.008.  

Dahl H, Rosendahl-Riise H, Marti HP, Dierkes J. Indicators of nutritional status and 

associated mortality risk in patients with chronic kidney disease – a 2-year 

observational study. Submitted June 2022.  

 

Related papers – not included in the thesis 

Dahl H, Warz SI, Welland NL, Arnesen I, Marti HP, Dierkes J. (2021) Factors 

associated with nutritional risk in patients receiving haemodialysis assessed by 

Nutritional Risk Screening 2002 (NRS2002). J Ren Care. Doi: 10.1111/jorc.12374 

Dahl H, Meyer K, Sandnes K, Welland NL, Arnesen I, Marti HP, Dierkes J, Lysne V. 

(2022) Cystatin C proteoforms in chronic kidney disease. Accepted by PlosOne 

24.05.2022.  

 

All published papers are published with open access, under the terms of the Creative 

Commons Attribution License, permitting use, distribution, and reproduction, provided 

proper citation.  



 13 

Contents 

SCIENTIFIC ENVIRONMENT ............................................................................................................................. 3 

ACKNOWLEDGEMENTS .................................................................................................................................. 4 

LIST OF ABBREVIATIONS ................................................................................................................................ 6 

ABSTRACT ...................................................................................................................................................... 8 

SAMMENDRAG ............................................................................................................................................ 10 

LIST OF PUBLICATIONS ................................................................................................................................. 12 

CONTENTS .................................................................................................................................................... 13 

1. INTRODUCTION .................................................................................................................................. 15 

1.1 CHRONIC KIDNEY DISEASE ........................................................................................................................... 15 

1.1.1 Epidemiology of chronic kidney disease .................................................................................... 16 

1.1.2 Primary causes of chronic kidney disease ................................................................................. 17 

1.1.3 Progression of chronic kidney disease ....................................................................................... 19 

1.1.4 Implications of health and treatment ....................................................................................... 22 

1.2 NUTRITIONAL STATUS IN CHRONIC KIDNEY DISEASE .......................................................................................... 31 

1.2.1 Assessment of nutritional status ............................................................................................... 31 

1.2.2 Diagnosis of nutritional status .................................................................................................. 33 

1.2.3 Nutritional care in chronic kidney disease ................................................................................ 39 

2. RATIONALE FOR THIS THESIS .............................................................................................................. 41 

3. OBJECTIVES ........................................................................................................................................ 42 

4. PATIENTS AND METHODS .................................................................................................................. 43 

4.1 STUDY DESIGN AND POPULATION ................................................................................................................. 43 

4.2 DATA COLLECTION .................................................................................................................................... 46 

4.3 STATISTICAL ANALYSES ............................................................................................................................... 54 

4.4 ETHICS ................................................................................................................................................... 56 

5. RESULTS ............................................................................................................................................. 57 

5.1 PAPER I: ASSESSMENT OF NUTRITIONAL STATUS ............................................................................................. 57 

5.2 PAPER II: MEDICINE PRESCRIPTION AND NUTRITIONAL STATUS .......................................................................... 58 

5.3 PAPER III: NUTRITIONAL STATUS AND MORTALITY RISK ..................................................................................... 58 

6. DISCUSSION ....................................................................................................................................... 60 

6.1 METHODOLOGICAL CONSIDERATIONS ........................................................................................................... 60 

6.1.1 Study design .............................................................................................................................. 60 



 14 

6.1.2 Study population and data collection ........................................................................................ 62 

6.1.3 Assessment of nutritional status ............................................................................................... 63 

6.1.4 Medication prescription ............................................................................................................ 67 

6.1.5 Continuous variables, categorisation and classification ........................................................... 68 

6.2 DISCUSSION OF THE RESULTS ....................................................................................................................... 68 

6.2.1 Sarcopenia ................................................................................................................................. 69 

6.2.2 Overweight, obesity and central obesity ................................................................................... 70 

6.2.3 Dietary intake ............................................................................................................................ 71 

6.2.4 Medication prescription ............................................................................................................ 72 

6.2.5 Mortality ................................................................................................................................... 73 

7. CONCLUSION ...................................................................................................................................... 76 

8. FURTHER PERSPECTIVES ..................................................................................................................... 77 

9. REFERENCES ....................................................................................................................................... 79 



 15 

1. Introduction 

1.1 Chronic kidney disease  

The kidneys are involved in several vital processes in the body, including the 

production of urine, excretion of waste products from circulation, and homeostasis of 

acid-base, electrolytes, and blood pressure. Additionally, the kidneys are involved in 

the final hydroxylation of vitamin D and the production of erythropoietin (EPO) (1). A 

reduced kidney function will cause all the functions mentioned above to diminish, 

which will have great implications for metabolism and overall health.  

Kidney disease – Improving Global Outcomes (KDIGO) has defined kidney disease as 

“an abnormality of kidney structure or function with implications for the health of an 

individual, which can occur abruptly, and either resolve or become chronic” (2). 

Reduced kidney function is classified as either acute kidney injury or chronic kidney 

disease (CKD). CKD is diagnosed when an impairment of kidney function is present 

for at least three months and measured twice. CKD can be defined by a decreased 

estimated glomerular filtration rate (eGFR) (< 60 ml/min/1.73 m2) or as abnormalities 

of kidney structure or function, despite normal eGFR (2).  

The glomerular filtration rate (GFR), the rate at which fluid is filtrated through the 

kidneys, is considered an overall measure of kidney function. As GFR is not easy to 

measure directly, equations based on age, sex, race, and serum levels of creatinine 

and/or cystatin C are applied to calculate eGFR. Creatinine is a non-enzymatic 

breakdown product from creatine phosphate in muscle mass that is unchanged and 

excreted through the kidneys. Serum creatinine has therefore been applied as a marker 

of kidney function for decades. However, serum creatinine may be influenced by other 

factors, such as dietary protein intake, physical activity, and muscle mass, and thus not 

a predictor of the true kidney function (3,4). Cystatin C is a small protein and protease 

inhibitor that is produced by all nucleated cells at a constant rate and freely filtrated in 

the renal glomeruli with no reabsorption. The effect of non-renal determinants is 

reported to be smaller on cystatin C than on serum creatinine (4). Thus, cystatin C has 
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been suggested as a more precise marker for kidney function, but analyses of cystatin 

C are not widely performed as a routine in clinical settings.  Several equations for eGFR 

based on either creatinine, cystatin c or both exist, and today the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) based on creatinine measures from 

2009 is most commonly used for the calculation of eGFR (5–7). 

Another marker for kidney function, in addition to eGFR, is the excretion of proteins, 

which is absent or present in minimal concentrations in healthy kidneys. In kidney 

disease, the appearance of albumin or other proteins in urine is common, thus, 

albuminuria or the albumin to creatinine ratio in urine are used as diagnostic criteria 

(see Section 1.1.3). 

1.1.1 Epidemiology of chronic kidney disease  

The global burden of CKD has been increasing in recent decades, and it is predicted 

that the impact of CKD will continue to grow in the years to come (8,9).  In 2017, it 

was estimated that globally, 1.2 million people died from CKD, which is an increase 

of 41.5 % since 1990. The estimated global prevalence of CKD was 9.1 % in 2017, 

which comprises approximately 700 million individuals. Since 1990, there has been an 

increase of approximately 30 % in CKD prevalence. In Norway, the prevalence of CKD 

has been stable at 11 % in the last decade (10). Still, CKD is under-recognised by many 

patients and clinicians (11).  

In the general population, renal function generally decreases with age, and 

consequently, the prevalence of CKD increases with age, which is also evident in the 

Norwegian population  (10,12,13). The prevalence of CKD is estimated to increase in 

the future due to the ageing population, as well as the growing prevalence of life-style 

related conditions such as diabetes, hypertension and obesity, which are well-

established risk factors for CKD (see Section 1.1.2) (8,14–16).   

CKD is a progressive disease and may eventually end up as end-stage kidney disease 

(ESKD) requiring renal replacement therapy (RRT), which can either be given as 

dialysis or kidney transplantation. Worldwide, more than 2.5 million people with 

ESKD were treated with renal replacement therapy (RRT) in 2010, and estimates 
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predict that 5.4 million people will be in need of RRT in 2030. A shortage of RRT 

services is already present in many countries, especially in low-income regions in Asia 

and Africa. It is estimated that 1 in 1000 Europeans receive RRT (17). According to 

the annual report published by the Norwegian Renal Registry, there were 5,450 

individuals in Norway who received RRT by the end of 2020, equivalent to 1,015 

patients per 1 million inhabitants (18). There is an annual increase of approximately 

100 patients receiving RRT per year, and the mean age of patients receiving RRT was 

62.2 years, ranging from 1.9 to 89.8 years, where 67.8 % of the patients were male. An 

elaboration on ESKD and RRT will be given in Section 1.1.3.  

Altogether, the burden of CKD is significant, both on society and the patient, and this 

calls for further development concerning the prevention and treatment of CKD. 

1.1.2 Primary causes of chronic kidney disease  

CKD is a heterogeneous group of diseases, and the classification according to eGFR 

gives no immediate information about the underlying diagnosis. The primary causes of 

CKD vary globally, both geographically and according to socioeconomic status. 

Overall, diabetes and hypertension are considered major causes of CKD, especially in 

high- and middle-income countries, but also in low-income countries (1). In Asia, India 

and sub-Saharan Africa, glomerulonephritis is a common primary cause, as well as 

CKD with unknown aetiology. Infection with the human immunodeficiency virus 

(HIV) also represents a common cause of CKD, especially in sub-Saharan Africa. CKD 

may also be caused by genetic conditions, such as congenital abnormalities or 

autosomal dominant polycystic kidney disease; however, these represent a low 

percentage of the total population with CKD (1).  

In Norway, there are no systematic data available on primary causes of CKD in the 

milder stages of the disease, but the annual report from the Norwegian Renal Registry 

provides information about primary kidney disease at the start of RRT. In 2020, 

vascular/hypertensive diseases were the most common causes (32 %), followed by 

glomerulonephritis (18%), and diabetic nephropathy (17%) (18).  
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Hypertension has been recognised as one of the major primary causes of CKD, and the 

increasing prevalence of hypertension in the general population may partly explain the 

increase in the prevalence of CKD (19). From 1990 to 2019, the disease burden of CKD 

due to hypertension has increased by 125.2 % according to disability-adjusted life years 

(DALYs), while the age-standardised DALY was quite stable, an indication of an 

ageing population (20). Hypertension may also be a consequence of CKD, which will 

further be elaborated in Section 1.1.4. Hypertension increases the risk of vascular 

disease in the renal arteries and glomerular arterioles; glomerulosclerosis; interstitial 

fibrosis and tubular atrophy, all factors increasing the risk of CKD (1).   

Another major primary cause of CKD is diabetes. The global prevalence of diabetes 

has increased since 1980 (15). In 2021, the International Diabetes Federation estimated 

a global diabetes prevalence of 10.5 % in adults aged 20-79 years, and it is projected 

that the prevalence will increase to 12.2 % by 2045 (21). The estimated risks of 

developing diabetic nephropathy with type 1 and 2 diabetes are 25-40 % and 5-40 %, 

respectively (22). However, type 2 diabetes accounts for the vast majority of diabetes 

(90 %), and consequently it will be more prevalent as a primary cause of CKD (23–

26).  The mechanisms connecting diabetes and CKD are complex, and several 

pathways are involved. The presence of hyperglycaemia plays a role through the 

production of advanced glycation end-products (AGEs) and reactive oxygen species; 

and the insulin resistance and hyperinsulinemia may also play significant roles. The 

activation of renin-angiotensin-aldosterone system (RAAS) is also involved, as well as 

glomerular lesions, similar to the consequence of hypertensive nephropathy may be 

observed (27).   

According to World Health Organization (WHO), the worldwide prevalence of obesity 

has tripled since 1975. In 2016, more than 650 million adults were considered obese 

and 1.9 billion overweight (28). WHO also reports that today, more people die of 

causes related to overweight and obesity than causes related to underweight, and there 

are more obese than underweight people in the world (28). These numbers emphasise 

the gravity of the epidemic of overweight and obesity, which is considered one of 

today’s major health challenges. Overweight and obesity are related to both 



 19 

hypertension and diabetes type 2, but obesity has also been described as an individual 

risk factor for CKD (29–31). The mechanisms behind the direct association between 

overweight, obesity and CKD remain unclear, but hyperfiltration may be pivotal. 

Proposed mechanisms are mediated through the production of adiponectin, leptin and 

resistin, among others, which are involved in inflammation, oxidative stress abnormal 

lipid metabolism, activation of RAAS, and increased production of insulin and insulin 

resistance (30).   

1.1.3 Progression of chronic kidney disease  

CKD is a progressive disease that  can be categorised in stages by either eGFR (Table 

1) or eGFR in combination with albuminuria (urinary albumin excretion of < 30 mg/d, 

30-300 mg/d, > 300 mg/d, classified as A1, A2, A3, respectively) (2).      

Table1: Classification of stages of chronic kidney disease by estimated glomerular 

filtration rate (2) 
Stage eGFR, ml/min/1.73 m2 Description of kidney function 

1 ≥ 90 Normal or high 

2 60-89 Mildly decreased  

3a 45-59 Mildly to moderately decreased  

3b 30-44 Moderately to severely decreased  

4 15-29 Severely decreased  

5 < 15 Kidney failure/ESKD  

eGFR indicates estimated glomerular filtration rate; ESKD, end-stage kidney disease. 
In stages 1-2, kidney damage must be present to fulfil diagnostic criteria of chronic 
kidney disease, such as albuminuria, abnormalities in urine (e.g., haematuria, red cell 
casts etc.), abnormalities in electrolyte levels due to tubular disorders, abnormalities 
detected by histology or imaging, or a history of transplantation.   

 

In the early stages of CKD, many patients are asymptomatic and often unaware of their 

decreased kidney function (32). As kidney function declines, the implications of health 

caused by CKD will be more evident, and symptoms presented in the Section 1.1.4 will 

arise. In the early stages, the treatment goal is to manage the symptoms of the kidney 
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disease and the following comorbidities, as well as slow the progression of CKD by 

also treating the underlying disease.  

If CKD progresses to CKD stage 5, also called kidney failure or ESKD, kidney function 

is so diminished that long term prospects of survival are dependent on RRT. The 

progression rate of kidney disease will depend on the primary cause of CKD, as well 

as other exposures and treatment, and it can take months or even decades to progress 

to ESKD. Not all patients progress to ESKD, and studies have shown that patients with 

CKD are at greater risk of death than those progressing to ESKD (33,34). Nevertheless, 

a substantial proportion of patients rely on RRT, which consists of either treatment by 

dialysis or kidney transplantation. If neither dialysis nor kidney transplantation is 

possible, treatment options that increase survival or quality of life, such as conservative 

treatment, may be an alternative (35).   

Despite kidney transplantation being considered the gold standard for RRT, most 

patients with ESKD are treated with dialysis (17). Globally in 2017, it was estimated 

that 280 per one million people were treated with dialysis, compared to the prevalence 

of 65 per one million people who were kidney transplanted (1). Not all patients are 

suited for transplantation, and a proportion of patients may also require dialysis 

treatment while waiting for kidney transplantation. 

Dialysis treatment is divided into two main groups: haemodialysis (HD) and peritoneal 

dialysis (PD). In-centre HD is the most common RRT for CKD patients and involves 

treatment two-four times a week (36). The principle of dialysis treatment is common 

for both HD and PD: excess fluid and electrolytes are removed, as well as urea and 

other compounds in the circulation such as by-products of protein metabolism, and 

body buffers are restored (37). In HD, the patients are connected to a dialysis apparatus, 

where the blood is transported through the capillaries surrounded by a dialysis solution 

within the dialysis filter. The semipermeable membrane in the dialysis filter allows 

compounds to cross according to the principles of diffusion, osmosis and ultrafiltration 

(38). The process is regulated by blood/dialysate flow rates, duration of dialysis and 

composition of dialysis solution. The principle for PD is similar to HD, except for the 
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blood being filtered through the membrane of the peritoneal cavity instead of the 

dialysis apparatus. Additionally, the dialysate contains an osmotic agent, most often a 

high concentration of glucose to effect ultrafiltration (39). However, newer solutions 

without glucose functioning as osmotic agents exist. These include, either icodextrin 

or amino acids, which enable PD treatment for patients with, e.g, diabetes (40). Dialysis 

treatment in general cannot replace complete kidney function, but it can sufficiently 

function to sustain life.     

Kidney transplantation is the treatment of choice for patients who require RRT. Kidney 

transplant recipients have a better life expectancy and quality of life compared to age-

matched patients on dialysis (41,42). In addition, the risk of death in the long-term for 

kidney transplant patients is considered less than half the risk among patients receiving 

dialysis treatment (43,44). From an economic perspective, kidney transplantation is 

more cost-effective compared to dialysis treatment (45–47). In Norway, it was 

estimated in 2014 that dialysis patients cost society at least half a million NOK each 

year, while transplanted patients cost 25 % of this sum the first year after 

transplantation (48).  

However, as not all patients are suitable for kidney transplantation, eligibility should 

be carefully evaluated. Common exclusion criteria include major comorbidities that 

may disqualify major surgery or chronic immunosuppression after transplantation; 

addiction to alcohol or other substances; and possibly a cognitive status that precludes 

regular use of prescribed medication (49). Exessive weight may also be a 

contraindication (50). There are several factors affecting the outcome of the 

transplantation. Good matching of the human leucocyte antigens (HLA) between the 

transplant recipient and the donor is shown to be an advantage for graft survival. 

Patients with a delayed graft function after transplantation might require a certain 

period of dialysis, which is associated with reduced one-year graft survival. Survival 

prospects are also associated with the age of the patient, with increased estimated 

survival for patients aged 15 to 55 years (51).  
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Kidney transplantation can be done by donation from living or deceased donors. Living 

donors offer huge advantages for the patient and transplant survival as it is possible to 

plan the transplantation and even avoid dialysis (17,48). It also offers the advantage 

compared to transplants with long cold ischemia time. In Europe, 29 % of kidney 

transplantations in 2019 were from living donors, and similar numbers are reported in 

Norway (17,18). For deceased donors, Scandiatransplant facilitates organ exchange 

within the Scandinavian countries; nevertheless, more than 90 % of Norwegian 

recipients receive kidneys from within Norway (48,52). All solid organ 

transplantations in Norway are performed at one hospital, Oslo Universitetssykehus, 

Rikshospitalet.   

1.1.4 Implications of health and treatment  

Early detection is key in preventing the progression of CKD. However, CKD is also a 

silent disease at its early stages, which makes it challenging to detect, both for the 

patient and the physician. Screening, in terms of measurement of blood pressure and 

creatinine/proteinuria measurements and registries, would be beneficial for early 

detection (53). Early detection also enables the gradual adaptation of the patient’s diet 

and nutritional education, making it possible to take one step at a time (20).     

As CKD progresses, the condition will implicate health in multiple ways. Changes in 

metabolism occur and comorbidities are common (54). Additionally, the course of 

CKD and any following symptoms and comorbidities usually require multiple 

prescribed medications, associated with several side effects. Due to the nature of the 

disease and following comorbidities, CKD has been considered a model of accelerated 

ageing (55). In the following sections, the different aspects of health implications 

related to CKD will be presented. An overview of the presented implications is given 

in Figure 1. 
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Figure 1: Overview of health implications related to decreased renal function. 

Note that this is a simplified overview. Blue boxes represent nutrients and components; 
orange, health implications; yellow, treatment modalities of CKD; white, intermediate 
steps to health implications. 1,25-vit D indicates 1,25dihydroxyvitamin D; CKD-MBD, 
chronic kidney disease mineral bone disorder; CVD, cardiovascular disease; EPO, 
erythropoietin; FGF-23, fibroblast growth factor 23; Hb, haemoglobin, NODAT, new-
onset diabetes after transplantation; PTH, parathyroid hormone; and RBC, red blood 
cells.  

Uraemia 

When the waste products of protein degradation are not effectively removed from 

circulation by the kidneys an accumulation of waste products and uraemic toxins will 

occur in the circulation. This condition is known as uraemia and is associated with 

systemic inflammation, oxidative stress, immune dysfunction, vascular disease, 

alteration in the gut microbiota, as well as the progression of CKD (1,56). The 

symptoms are diffuse and may be a challenge to identify as connected to impaired 

kidney function. Common symptoms are nausea, itching of the skin, and taste changes 
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(57). Restriction of the dietary intake of proteins may ameliorate/prevent uraemic 

symptoms for a while in patients with advanced kidney failure (58).   

Metabolic acidosis  

The maintenance of arterial blood pH and bicarbonate levels have a narrow range of 

normal values. A measure of serum bicarbonate < 22 mmol/L is defined as metabolic 

acidosis in patients with normal pulmonary function and is commonly observed in 

patients with CKD, with increasing prevalence as CKD advances (59,60). The kidneys 

in moderate/advanced renal failure cannot regulate pH homeostasis sufficiently by the 

excretion of acid through the kidneys. If not treated, metabolic acidosis may contribute 

to reduced bone density and muscle function (61). Metabolic acidosis may also 

accelerate the progression of CKD if not treated, as it is associated with increased 

systemic and kidney inflammation, insulin resistance, decreased albumin synthesis and 

increased risk of cardiovascular disease (CVD). Treatment with oral bicarbonate is 

often necessary in CKD. Additionally, studies on dietary interventions with higher 

intakes of fruits and vegetables have shown promising results (62).   

Renal anaemia  

In CKD, the production of EPO is reduced, which stimulates the production of red 

blood cells in the bone marrow and regulates the homeostasis of haemoglobin. Levels 

of hepcidin are increased in CKD, a peptide hormone involved in iron metabolism, 

which is stimulated by increased iron uptake and an inflammatory state (63). Thus, the 

uptake of iron from the gut and release from iron stores may be reduced at the same 

time as the production of red blood cells is reduced, resulting in renal anaemia. 

Concurrent uraemia may shorten red blood cell survival, thus worsening the state of 

anaemia, with increasing significance as kidney function declines (11,64). Renal 

anaemia is associated with CVD, more frequent hospital admission, cognitive 

impairment, reduced quality of life, and mortality (65,66). Other clinical manifestations 

of renal anaemia are fatigue, decreased exercise tolerance, dysphagia, depression, 

increased incidence of infections and restless legs syndrome. Treatment with oral or 

intravenous iron supplementation, as well as erythropoiesis-stimulating agents (ESAs), 

is commonly used to treat renal anaemia (1). 
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Hyperkalaemia  

Potassium is the most potent intracellular electrolyte, and small changes in serum levels 

may cause muscle weakness, unwellness and disturbances in the cardiac system 

(67,68). Both hypo- and hyperkalaemia are associated with increased risk of mortality, 

CVD risk and progression to ESKD. As eGFR decreases, the requirement for the 

dietary restriction of potassium to strive for normal serum levels becomes more 

prevalent (58). However, there are several non-dietary causes of hyperkalaemia in 

CKD including interactions with glucose metabolism, acidosis, medication 

interactions, catabolism or breakdown of tissue, gastrointestinal symptoms or other 

diseases that may cause hyperkalaemia (69,70). 

Mineral bone disorder/Osteoporosis  

Reduced kidney function affects the ability to excrete excess phosphate, as well as the 

ability to produce 1,25-dihydroxy vitamin D. Consequently, serum levels of phosphate 

will increase, which will cause an increase in fibroblast growth factor 23 (FGF-23), 

which will lead to a further decreased hydroxylation of 25-hydroxyvitamin D in the 

kidneys (1). The reduction of 1,25-dihydroxy vitamin D will cause reduced uptake of 

both phosphate and calcium in the intestines, which will give a reduced level of calcium 

in serum. This will stimulate the increased release of parathyroid hormone (PTH), 

which will increase bone osteoclast activity and thus the breakdown of bone tissue to 

maintain calcium homeostasis in serum. Clinical manifestations in terms of 

osteoporosis are most evident in patients with ESKD, but it is also observed in earlier 

stages of CKD (31,71). The associated fracture risk with osteoporosis is also increased 

in patients with CKD compared to the general population, especially hip fracture risk 

with an increased fracture risk as eGFR decreases (72). Supplementation of vitamin D 

and restriction of dietary phosphate intake are common strategies for preventing 

mineral bone disorder in CKD (25).   

Hypertension  

Due to hypertensive nephropathy being one of the most common causes of CKD, and 

the increased risk of hypertension when CKD is established, a large proportion of 

patients with CKD are identified with hypertension. It is estimated that 70-85 % of 
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patients with CKD have hypertension (54,73). Hypertension and CKD are closely 

linked in pathophysiology, and the conditions may amplify each other if not treated 

(74). Several aspects of the pathophysiology of CKD may contribute to an increased 

risk of hypertension, such as sodium retention/overhydration, increased activity of the 

RAAS system, secondary hyperparathyroidism, and uraemia (32). Additionally, 

treatment with EPO may have a side effect of increased blood pressure (75). Other 

conditions related to CKD may also increase the risk and severity of hypertension, such 

as obesity and diabetes. Treatment of hypertension is essential to the management of 

CKD, and may consist of weight management, dietary restriction of salt intake, 

prescription of RAAS blockers, and blood pressure-lowering medications (32).       

Cardiovascular disease (CVD) 

Among patients with CKD, the most prevalent cause of death is CVD (32). In patients 

with mild to moderate CKD, the risk of progressing to kidney failure is lower than the 

risk of cardiovascular mortality (76). In patients with CKD, decreased eGFR and 

presence of albuminuria are associated with an increased risk of CVD of two to four 

times, even after adjustment for traditional risk factors such as hypertension, 

hypercholesterolemia and lifestyle-related risk factors (76,77). After kidney 

transplantation, CVD is also the leading cause of late renal allograft loss (78). 

The pathophysiological mechanisms linking CKD and CVD are complex and not fully 

understood. The associated risk in CKD may be related to the primary causality of 

CKD, such as diabetes, obesity, and hypertension. However, studies suggest that CKD 

propose a higher CVD risk, overshadowing the risk associated with diabetes and 

hypertension. There are also common risk factors for both CKD and CVD, such as 

dyslipidaemia, smoking, inflammation, and genetic risk factors. Added consequences 

following the course of decreased kidney function in terms of damage on glomeruli or 

interstitial damage such as disturbances in electrolyte balance and oedema will further 

increase the risk of CVD. The presence of chronic, low-grade inflammation is one of 

the main hallmarks in the development, progression and complication of CKD, as it 

can lead cause tissue damage and fibrosis (79). If CKD reaches severe stages and 

fibrosis arises, hormonal imbalances, anaemia and vascular calcification are common 
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(80). In addition, electrolyte disturbances can be more severe, and increased activity of 

PTH and the sympathic nerve system may further contribute to increased CVD risk. 

Atherosclerosis (vascular calcification), coronary artery disease, valvular disease, left-

ventricular hypertrophy, decreased coronary perfusion, heart failure, arrhythmias and 

sudden cardiac death are common conditions for patients with CKD (76).  

Dialysis treatment  

In patients who are treated with dialysis, the implications mentioned above are 

applicable, but additional complications due to the dialysis treatment arise. Patients 

treated with dialysis are at risk of uraemic symptoms causing confusion, coma and 

eventually death, if not treated (81). The purpose of the dialysis treatment is to remove 

excess fluid and waste products from circulation, but nutrients may also be lost in the 

dialysis process. This applies mainly to water-soluble vitamins, amino acids, and 

proteins, and it increases the risk of a negative nitrogen balance (82,83). Indeed, studies 

have shown a loss of up to 12 g of amino acids during a single HD session (84). Other 

challenges related to dialysis are the fall in blood pressure directly after dialysis, low-

grade inflammation, as well as symptoms of nausea, loss of appetite, and a decreased 

sense of smell and taste, leading to decreased dietary intake (83).  

In dialysis, residual urine production is present in a proportion of the patients, often 

facilitated by the prescription of diuretics (85). The continuous fluid removal facilitates 

the regulation of fluid and electrolytes to some extent. Continued urine production in 

dialysis has been associated with beneficial outcomes, such as better nutritional status 

and increased survival (85–89).   

Kidney transplantation and immunosuppressive treatment  

After a successful kidney transplantation, renal function will improve and many of the 

consequences of decreased kidney function will diminish. However, some 

consequences and comorbidities will remain, and new ones will arise, mainly because 

of the immunosuppressive treatment following kidney transplantation.  

Receiving a kidney transplant requires lifelong suppression of the recipient's immune 

system to avoid rejection of the organ (90). It is recommended to start with 
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immunosuppressive medications before, or at the time of, the kidney transplantation 

(44). Such induction therapy should be with a biologic agent, either a lymphocyte-

depleting agent or an interleukin 2 receptor antagonist (IL2-RA). This should be 

followed by a  Calcineurin inhibitor (CNI), Corticosteroid, and antiproliferative agent 

(44,48).  

 

Table 2: Common medications applied in the immunosuppressive treatment 

regimen after kidney transplantation and associated side effects 

Name (Commercial name) Generic name Associated side effects 

Tacrolimus (Prograf) 
Cyclosporin (Sandimmun) 

Calcineurin inhibitor  Nephrotoxicity, hypertension, 
ischemic cardiovascular 
disease, hyperglycaemia, 
NODAT, hyperlipidaemia, GI 
symptoms, inflammation, 
electrolyte disruption 

Prednisone Corticosteroid Increased appetite, weight gain, 
glucose intolerance, sodium 
retention, hyperlipidaemia, 
hypertension, increased protein 
catabolism, osteoporosis, 
masking of infections,  

Mycophenolate/Axathioprine 
(CellCept, Myfortic) 

Antiproliferative agent Leukopenia, thrombocytopenia, 
diarrhoea, nausea, vomiting  

GI indicates gastrointestinal; and NODAT, new-onset diabetes after transplantation  

 

These medications are necessary to prevent graft rejection; however, they also increase 

the risk of several side effects. Potential side effects include weight gain, hypertension, 

dyslipidaemia, and increased risk of virus infections (91,92). An increased risk of 

several other conditions is also associated with immunosuppressive treatment, such as 

osteoporosis, new-onset diabetes after transplantation (NODAT), CVD, and 

malignancies, especially skin cancer and lymphoma (1,93). Due to the suppressed 

immune system, patients are also at risk of food borne diseases. An overview of the 

common immunosuppressive treatment regimen and associated side effects can be 

found in Table 2. In addition, kidney transplanted patients are at increased risk of 
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reduced kidney function. This is partly due to the treatment with CNIs, but also due to 

high pressure on the one functioning kidney and the present risk of allograft rejection 

(94).  

Polypharmacy 

Due to the impaired kidney function and the frequent comorbidities, patients with CKD 

are at risk of being concurrently prescribed a high number of medications, known as 

polypharmacy (95,96). Historically, polypharmacy has been associated with negative 

connotations and considered inappropriate for the patient’s overall health. Today, the 

term polypharmacy is used as a guide to identifying patients who require medical 

attention; however, polypharmacy has been associated with an increased risk of 

mortality, especially in individuals being prescribed >10 medications concurrently 

(97–99). Currently, there is no consensus definition of polypharmacy, and in a 

systematic review by Masnoon et al., 138 different definitions were found in the 110 

included studies (97). The most common definition of polypharmacy was ≥ 5 

concurrent medications, while excessive polypharmacy has most commonly been 

defined as ≥ concurrent 10 medications.  Polypharmacy has also been associated with 

adverse outcomes for frailty, disability, falls and mortality (100).  

Other implications  

Patients with CKD have a decreased health-related quality of life (HRQOL), especially 

patients receiving dialysis (101). Common problems perceived are fatigue, frequent 

hospitalisation, surgery and time-consuming treatment, polypharmacy, immune 

deficiency, anaemia, altered physical appearance and uncertainty about the future 

(102). In dialysis patients, factors such as being eligible for transplantation or not, and 

the burden of comorbidities may influence the HRQOL (103,104). Kidney transplanted 

patients generally have an increased HRQOL, compared to patients on dialysis and 

CKD patients not on dialysis, although not improved to the level of the general 

population (105). Strategies that prevent the incidence of CKD and patients progressing 

to ESKD are beneficial from a socioeconomic perspective due to the shortage of RRT 

and patient strain. Thus, prevention and treatment of nutritional challenges related to 
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increased risk of CKD, such as overweight, obesity, hyperglycaemia, and hypertension 

would also be beneficial for prevention of CKD (106).   

It is also observed that patients with CKD have reduced participation in society (107). 

Unemployment is frequent among CKD patients, especially in ESKD, but also after 

kidney transplantation. In a Swiss study, unemployment rates as high as 75 % were 

reported  (108).  

Mortality 

Patients with CKD have an increased risk of mortality compared to age-matched peers 

without CKD (109). The reduced life expectancy is associated with kidney function, 

also after adjustments for diagnosis of diabetes or hypertension (109–111). It is 

estimated that patients with eGFR < 60 mL/min/1.73 m2 have a 57 % higher 

cardiovascular mortality compared to the general population, and the risk is 63 % 

higher in patients with micro-albuminuria.   

In 2017, 1.2 million people died as a consequence of CKD (1,8). The burden of CKD 

is increasing, which is also mirrored in the risk of mortality which increased by 41.5 % 

from 1990 to 2017. According to the review of the global burden of disease numbers 

from 2017, CKD is particularly important to address and treat to reach the UN goal of 

a one-third decrease in deaths caused by non-communicable diseases by 2030 (8). 

According to estimates from the Global Burden of Disease study, CKD was the 12th 

leading cause of death in 2017, compared to being the 17th leading cause of death in 

1990 (8). In 2040, it is estimated to be the 5th leading cause of death (9). 
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1.2 Nutritional status in chronic kidney disease 

Nutritional status is a comprehensive term, and several methods are are applied to 

assess nutritional status. According to the European Society of Clinical Nutrition and 

Metabolism (ESPEN), the assessment of nutritional status should include data on body 

weight, height, body mass index (BMI), body composition and biochemical indices 

(112). This assessment is often carried out by a dietitian. Disturbances in nutritional 

status can occur as either over- or undernutrition, or the abnormal metabolism of 

nutrients (113,114). Methods for assessing nutritional status are further described in 

the following sections.  

1.2.1 Assessment of nutritional status 

Anthropometry and body composition 

Anthropometric measurements were defined by Jelliffe in 1966 as “measurements of 

the variations of the physical dimensions and the gross composition of the human body 

at different age levels and degree of nutrition” (115). Anthropometric measurements 

do not necessarily require advanced and expensive equipment and are easy to perform 

in a clinical setting, including in low-income countries. Today, anthropometric 

measurements are used to assess nutritional status, both on individual and population 

levels. The methods can be subdivided into two groups: The first group which provides 

information about body size, and the second group which provides information about 

body composition (116). Measurements and indicators of nutritional status used in this 

thesis are height, weight, BMI, waist circumference, mid-upper arm circumference 

(MUAC), skinfold triceps, skinfold biceps, mid-upper arm muscle circumference 

(MUAMC), mid-upper arm muscle area (MUAMA), bioelectrical impedance analysis 

(BIA), appendicular lean mass (ALM), and appendicular lean mass index (ALMI).     

The measurement of MUAC is a measure of the subcutaneous fat and muscle in the 

arm, and a reduction in this measure indicates a reduction in either one of these 

components or both. By adding the measure of skinfold triceps, an estimate of the 

subcutaneous fat can be made, and these two measurements can then be combined to 

calculate MUAMC and MUAMA. Estimates of MUAC have been correlated with 
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nutritional status and are a widely used measure in emergencies, crisis, and famines. 

skinfold triceps has been proposed to reflect the proportion of total body fat, and 

estimations for total body fat can be done from the measurements of skinfold triceps 

(116).   

The principle of BIA is that the conductivity of each tissue in the body is specifically 

based on the content of water and electrolytes in the tissue (117). Fat-free mass will 

lead electricity better than fat mass, which has an insulating function in the body. Body 

impedance is measured by the detection of electrical current, often of 800 µA and 50 

kHz (Ω), sent through the body between two electrodes, e.g., on the ankle and wrist of 

an individual (116). Resistance, reactance, and phase angle are measured, and these 

measurements can be applied to calculate the proportion of fat-free mass, ALM and 

further ALMI. Such equations have been validated against dual-energy x-ray 

absorptiometry (DEXA), the golden standard for assessing body composition, also in 

patients with CKD (118–120). The phase angle is calculated from the arctangent of the 

resistance and reactance and is considered a measure of cell membrane integrity and 

vitality (121). Phase angle has been associated with nutritional status, and low phase 

angle has been associated with several adverse outcomes, such as morbidity and 

mortality both in CKD and the general population (122–124).  

Physical function  

Functional measurements with the purpose of measuring muscle strength and function 

can be useful when assessing nutritional status. Functional measurements can also be 

used to identify sarcopenia. An example of such measurement is handgrip strength 

(HGS), which measures muscle strength (116). Although strength in lower limbs may 

be of more importance concerning physical function, HGS is well correlated with 

relevant outcomes of physical function, and low HGS has been associated with 

increased mortality risk in the general population (125,126).  

Dietary intake  

In a clinical setting, the purpose of collecting information about dietary intake is to 

assess the actual dietary intake, and further to be able to give relevant advice to the 
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patient to improve the diet and thereby also their prognosis and health outcome. In a 

research setting, dietary assessment in a population can give information about 

challenges concerning diet in, e.g., an age or disease group. Dietary intake can be 

assessed using several different methods with different purposes, strengths, and 

limitations. Examples of such methods are food frequency questionnaires, food records 

and double portions. In this project, the method of 24-hour dietary recall is applied.   

A 24-hour dietary recall collects information about dietary intake over the preceding 

24 hours and is thus a retrospective method of collecting information about dietary 

intake. A 24-hour dietary recall is an inexpensive, easy, and quick method that does 

not demand much of the participant, except for remembering the dietary intake the day 

before. However, a single 24-hour dietary recall does not account for variance in the 

diet, e.g., day-to-day, through the week, or seasonal variance. To capture such variance, 

at least two, but preferably multiple, 24-hour dietary recalls should be conducted (127).  

Biochemical markers 

Biomarkers can be useful for assessing and monitoring nutritional status. It is, however, 

important to have in mind that several biomarkers can change rapidly, others slowly, 

and they may also be influenced by non-nutritional factors, such as age, sex, 

inflammation, and state of disease (112). One example is albumin, which can be used 

as an overall marker of protein intake over time. However, albumin will among others 

be affected by age, inflammation, and hydration status. Thus, careful interpretation of 

albumin is essential. Another biomarker associated with nutritional status is 

haemoglobin, and measures of both albumin and haemoglobin have been associated 

with mortality (128). On the other hand, some micronutrient deficiencies, such as 

vitamin D, vitamin B12 and iodine, are diagnosed by biochemical measurements alone.    

1.2.2 Diagnoses of nutritional status 

Malnutrition and/or undernutrition  

Malnutrition or undernutrition can be defined as a compromised intake of nutrients, but 

as acknowledged by the Global Leadership Initiative on Malnutrition (GLIM), 
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malnutrition may also be caused by disease-related inflammation or other mechanisms 

related to disease (129).  

Patients at nutritional risk include those who are already undernourished and those who 

are at risk of undernutrition in the near future. Nutritional risk may be due to 

insufficient energy and nutrient intake and/or due to increased requirements because of 

disease or metabolic stress (130). It is well established that a considerable proportion 

of patients in hospitals are undernourished (130,131). A study on inpatients at 

Haukeland University Hospital revealed a prevalence of nutritional risk to be 29 %, 

including a prevalence of 12 % among patients with BMI > 25 kg/m2 (132). Patients at 

nutritional risk or already undernourished are at increased risk of longer hospital stays, 

rehospitalisation, reduced quality of life, and mortality, in addition to the economic 

burden on society (133,134).  

The purpose of nutritional screening tools is to identify patients who are in need of 

nutritional care, and who would have a better clinical outcome given that they receive 

nutritional care. To assess the nutritional risk, several screening tools have been 

developed, and in this thesis, Nutritional Risk Screening 2002 has been used, which is 

recommended by ESPEN and the Norwegian Department of Health (130,135).  

NRS 2002 was developed in Denmark and is a screening tool for hospitalised patients. 

The screening tool consists of an introductory screening and main screening. It consists 

of questions about food intake, body weight, weight loss, degree of morbidity and age 

(131). Other screening tools exist, such as the Malnutrition Universal Screening Tool 

(MUST) and Mini Nutritional Assessment (MNA), recommended by ESPEN for use 

in primary health care and for the elderly, respectively (130).   

Sarcopenia  

The term ‘sarcopenia’ (sarx from flesh and penia from loss) was proposed for the first 

time in 1989 by Irwin Rosenberg as a description of the decrease in muscle mass related 

to age (136,137). In 2010, the European Working Group of Sarcopenia in Older People 

(EWGSOP1) presented a definition of sarcopenia as a syndrome characterised by 

generalised and progressive loss of muscle mass and muscle strength and is primarily 



 35 

associated with ageing (125). This definition was widely accepted, and this is 

considered a major milestone in the recognition of sarcopenia as an independent 

diagnosis. Another major milestone was the inclusion of sarcopenia with an 

International Classification of Diseases-10 (ICD-10) code in 2016 (138). A revised 

consensus by EWGSOP was published in 2018 (EWGSOP2), with the aim of including 

new scientific and clinical evidence built up over the past decade. In this definition, 

sarcopenia was also associated with other factors such as malnutrition and chronic 

diseases, in addition to ageing, leading to the terms primary (age-related) and 

secondary (disease-related) sarcopenia (139). In many individuals, especially the 

elderly, the condition will be a combination of these two and difficult to distinguish in 

clinical practice. 

Other definitions of sarcopenia also exist, such as those by The Foundation of the 

National Institutes of Health (FINH), The International Working Group on Sarcopenia, 

and Society of Sarcopenia, Cachexia and Wasting Disorders (SSCWD),  and The Asian 

Working Group for Sarcopenia (AWGS). Nevertheless, the EWGSOP definition is the 

most cited and widely accepted definition (140–143). In addition to these definitions, 

SARC-F has been developed as a screening tool for sarcopenia (144). The variation of 

diagnostic criteria and lack of procedures for the measurement of sarcopenia in the 

clinic remains a challenge for the incorporation of sarcopenia as a diagnosis to consider 

in a clinical setting, and there is also a low prevalence of coding for sarcopenia 

(145,146).                  

Patients with chronic diseases, such as CKD are at increased risk of sarcopenia (55). In 

CKD patients, a higher prevalence of sarcopenia has been observed at a younger age 

compared to the general population, and overall, the prevalence is estimated to be twice 

as high as in the general population (146–148).  

The pathophysiology of sarcopenia in general, and sarcopenia in CKD, is complex and 

not fully understood, however, several pathways are suggested. A brief overview of the 

proposed mechanisms of sarcopenia in CKD is presented in Figure 2. Metabolic 

acidosis and vitamin D deficiency, common conditions in CKD, are associated with 
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increased catabolism and reduced protein synthesis, as well as hormonal alterations, 

such as insulin resistance, growth hormone (GH) resistance and reduced levels of 

insulin growth factor type 1 (IGF-1) and testosterone. Insulin resistance contributes to 

muscle fibre atrophy and mitochondrial dysfunction, which will impair muscle 

function. CKD related changes in the anabolic hormones testosterone, IGF-1, and GH, 

may cause decreased skeletal muscle turnover, and thus decreased muscle mass and 

muscle strength (149). It has also been suggested that sarcopenia is an inflammatory 

state where proinflammatory cytokines and oxidative stress may impair protein 

synthesis in skeletal muscle tissue (150).  Recently, there has been proposed an 

association between the observed inflammation in CKD and an altered gut microbiota 

caused by the uraemic toxins related to CKD. P-cresol sulfate and indoxyl sulfate are 

considered uraemic toxins in this context and are metabolites generated in the gut from 

tyrosine and tryptophane, respectively (151).  Inadequate intakes of energy and protein 

or malabsorption due to reduced appetite and dietary restrictions, losses of amino acids 

in dialysis treatment, and physical inactivity may also lead to sarcopenia.  

 

Figure 2: Proposed aetiology of sarcopenia in chronic kidney disease  

The mechanisms of sarcopenia in chronic kidney disease is complex and not 
completely understood. This is a simplified overview, and several of the mechanisms 
will also interact with each other, such as vitamin D deficiency, metabolic acidosis and 
inflammation being associated with insulin resistance. Hormonal changes include 
reduced testosterone and insulin growth factor type 1, as well as growth hormone 
resistance. Hormonal changes and ageing are associated with reduced dietary intake, 
and the dietary restrictions following the course of chronic kidney disease may also 
contribute to reduced dietary intake.   
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Sarcopenia has been associated with adverse outcomes such as the increased risk of 

falls, reduced quality of life, functional capacity, frailty, and increased mortality risk 

in the general population. For the CKD population, sarcopenia has been associated with 

depression, fracture risk, cardiovascular complications, and in kidney transplanted 

patients, graft failure and post-operative complications (55,143). 

Traditionally, sarcopenia has been associated with leanness, but it can also be present 

in individuals with obesity, known as sarcopenic obesity. Sarcopenic obesity is a 

condition where body mass increases concurrently with a reduction of lean body mass, 

which indicate that loss of muscle mass and muscle strength may happen independently 

of body mass. Obesity and sarcopenia have several common pathophysiological 

mechanisms, such as hormonal changes, insulin resistance, the elevation of pro-

inflammatory cytokines and oxidative stress (149). These similarities may be an 

explanation for sarcopenic obesity. Weakness among the elderly has for a long time 

been associated with loss of muscle mass. However, it seems like fat infiltration into 

the muscle tissue also has an impact on muscle weakness as it implicates muscle quality 

and work capacity (125,139). As many of the pathophysiological mechanisms are 

common for sarcopenia and obesity, the consequences are also similar. These include 

increased risk for dyslipidaemia, diabetes type 2, CVD, hypertension, frailty, and 

mortality (149,152,153). A meta-analysis from 2016 demonstrated an association 

between sarcopenic obesity and all-cause mortality 24 % higher compared to patients 

without sarcopenic obesity, especially among men (153). There is, however, no clear 

definition of sarcopenic obesity.  

There are other conditions concerning muscle wasting with similarities to sarcopenia, 

but also with distinct differences in the underlying mechanisms (154). The term 

wasting was introduced in 1983 by WHO as a definition of involuntary weight loss of 

more than 10 % (155). Cachexia is a condition of severe muscle wasting associated 

with diseases, such as cancer and ESKD (125). Protein-energy wasting is a CKD 

specific condition of malnutrition and wasting which will be further elaborated in the 
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next section. Since the introduction of these terms, wasting and cachexia have been 

used inconsequently and the conditions also overlap in  CKD.   

Protein-Energy Wasting  

In 2008, The International Society of Renal Nutrition and Metabolism (ISRNM) 

proposed protein-energy wasting (PEW) as a new terminology for describing the 

syndrome of muscle wasting, malnutrition and inflammation in patients with kidney 

disease, and ISRNM recommend PEW as a tool to identify undernutrition in CKD 

(156). PEW is defined as a state of disordered catabolism in patients with CKD, 

identified as biochemical criteria (low serum albumin, prealbumin, or cholesterol), low 

body weight, reduced body fat or weight loss, decreased muscle mass, and low dietary 

intake of energy or protein. Causality is believed to be multifactorial, which is also 

reflected in the complexity of the diagnostic criteria of PEW.  

Patients with PEW, especially patients with severe PEW expressed as frailty, are at 

increased risk of premature death, caused by cardiovascular or infectious 

complications. It is hypothesised that the infectious risk is associated with 

compromised immunity in patients with PEW following altered myokine physiology, 

decreased thermogenesis and fatigue of muscle respiration in stressed conditions, e.g., 

sepsis or pneumonia (157).  

The prevalence of PEW has been estimated to increase in line with decreasing eGFR; 

<2 % in CKD stages 1-2, 11-54 % in CKD stages 3-5, and 28-70 % among dialysis 

patients (155,158). Dialysis patients are at increased risk of muscle wasting due to the 

loss of amino acids during the dialysis session.  

Overweight and obesity  

As mentioned previously, there is an overall increase in the prevalence of overweight 

and obesity in patients with CKD. Consequently, there has also been an increase in 

patients with CKD and obesity. In patients with pre-dialysis CKD and kidney 

transplanted patients, obesity is considered an independent risk factor for adverse 

outcomes, independent of diabetes (159). However, in pre-dialysis CKD and dialysis 

patients, a higher BMI is associated with increased survival. This is known as the 
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obesity paradox in CKD or reversed epidemiology (160–162).  In addition to the 

generally increased prevalence of overweight and obesity, transplanted patients are 

more prone to gain weight due to immunosuppression, as mentioned in Section 1.1.4. 

A few studies have investigated the association between waist circumference and 

outcomes in CKD, however; the results are contradictory (163–165).  

1.2.3 Nutritional care in chronic kidney disease  

Nutritional care plays a key role in the management of CKD due to the change in 

metabolism following the progression of CKD and the frequent comorbidities (166). 

Nutritional care is defined by ESPEN as “an overarching term to describe the form of 

nutrition, nutrient delivery and the system of education that is required for meal service 

or to treat any nutritional-related condition in both preventive nutrition and clinical 

nutrition” (112). Several international guidelines for nutritional care in CKD are 

available, and these include guides on nutritional status assessment, medical nutrition 

therapy, dietary requirements, and dietary supplements (2,58,167–169). The most 

recently published guideline for nutrition in CKD is the Kidney disease outcome 

quality initiative (KDOQI) clinical practice guideline published by the National Kidney 

Foundation (NKF) in 2020  (58). The whole range of CKD was included, not just for 

ESKD, which was the case for the previous KDOQI guideline published in 2000 (170). 

To date, no Norwegian guideline exists for patients with CKD. Overall, there is an 

agreement in the existing guidelines for patients with CKD. A summary of 

recommendations according to CKD modalities will follow below.   

In the early stages of CKD, medical nutritional management consists of restrictions of 

salt intake and control of protein intake. A controlled intake of salt will be favourable 

for blood pressure, which is often elevated in patients with CKD or at risk of becoming 

elevated. The effect of dietary protein intake in pre-dialysis CKD has been a field of 

interest for decades, as low protein intake has been proposed to slow the progression 

of CKD, as well as reduce blood pressure and proteinuria (32). However, the benefits 

of protein restriction must be balanced against the potential risk of PEW and 

sarcopenia. A protein intake of 0.55-0.60 g/kg body weight/day is recommended for 

patients with CKD not on dialysis, or 0.28-0.43 g/kg body weight/day with 
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supplementation of keto acid/amino acid analogues (58). The protein restriction should 

be under close supervision to ensure sufficient intake. The energy requirement is 

similar to the general population.         

Blood samples will be decisive when the restriction of phosphate and potassium is 

necessary. If CKD progresses and ESKD is approaching, restriction of fluid intake is 

often also necessary. Dietary supplements, e.g., vitamin D are initiated, and 

requirements for dietary energy intakes are similar to that of the general population.  

In dialysis, an increased protein intake is required to make up for the loss in the 

dialysate fluid. The recommended protein intake is 1.0-1.2 g/kg body weight/day, 

which is double the protein intake of pre-dialysis CKD patients (58). Other restrictions 

from pre-dialysis may be necessary to keep. Dietary supplements of multivitamins may 

also be required, and intravenous iron supplementation is often given during HD.   

The recommendations for kidney transplanted patients are more similar to the general 

population, as long as kidney function improves sufficiently after transplantation (171). 

The exception is the consideration of increased risk concerning food borne infections 

caused by bacteria, viruses, and parasites. Foods at risk include raw meat, fish or 

seafood, and unpasteurised milk and dairy, as well as a violation of hygiene when 

handling food (172). Other foods might interact with the medication regimen, such as 

grapefruit which may inhibit the metabolism of cyclosporine through the inhibition of 

cytochrome P450 enzymes in the gut and liver (173).       
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2. Rationale for this thesis  

As the estimated life expectancy will continue to increase globally, it is estimated that 

the burden of CKD will increase in the years to come, as will the prevalence of the 

major CKD causes. Patients with CKD will also live longer while treated. CKD entails 

changes in metabolism and nutritional status, but there is a lack of understanding of the 

relation and mediators between nutritional status and kidney disease. Clinical practice 

guidelines for nutrition in CKD do already exist; nevertheless, these guidelines 

underscore that there is still a scarcity of research available on nutritional status and 

CKD. To provide more specific evidence-based nutritional guidelines for these 

patients, more research is required. Additionally, CKD is a costly condition, both for 

society and the individual patient. We, therefore, wanted to conduct a project that 

included a wide assessment of nutritional status along the continuum of CKD and 

investigate the determinants and consequences of different challenges of nutritional 

status. 
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3. Objectives 

Main objective and hypothesis 

The overall aim of this PhD project is to assess nutritional status in patients at different 

stages and treatment modalities of CKD, and investigate possible determinants and 

consequences of nutritional status.  

We hypothesised that patients with CKD have several challenges associated with 

nutritional status and that a wide assessment of nutritional status is necessary to identify 

the whole range of challenges. Further, we hypothesised that impaired nutritional status 

is associated with the degree/modality of chronic kidney disease, comorbidities, 

polypharmacy, and mortality.  

Specific objectives  

Paper I: To assess nutritional status at different CKD stages and with different CKD 

modalities.  

Paper II: To describe the medication prescription in a population of patients with CKD 

and investigate the association between nutritional status and medication prescription.  

Paper III: To assess the association between nutritional status and mortality in patients 

at different stages of CKD and with different CKD modalities.  
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4. Patients and methods  

4.1 Study design and population 

In this project, the study population consists of patients at different stages of CKD 

treated at Haukeland University Hospital, Bergen, Norway. The patients were included 

in the three papers, of which Paper I-II are cross-sectional studies, while Paper III is 

a cohort study with a two-year follow-up. Table 3 summarises the key characteristics 

of the papers included in the thesis.  

Table 3: Key characteristics of the included papers from the CKD population 

 Paper I Paper II Paper III 

Study 
design 

Cross-sectional Cross-sectional Cohort 

Sample size  208 217 170 

Population CKD n = 112  
HD n = 24  
KTR n = 72 

CKD n = 112  
HD n = 33  
KTR n = 72 

CKD n = 82  
HD n = 42  

KTR n = 46  

Duration - - 2 years 

Exposure - Prescribed medication Indicators of nutritional 
status 

Outcome Description of 
nutritional status 

Measures of nutritional 
status 

Mortality 

CKD indicates pre-dialysis chronic kidney disease stage 3-5; HD, end-stage kidney 
disease patients treated with haemodialysis; and KTR, kidney transplant recipients.   

 

The papers include patients from different stages of CKD, consisting of pre-dialysis 

CKD patients at stages 3-5, ESKD patients receiving HD, and kidney transplant 

recipients. In total, 235 patients participated in the project, of which 112 patients were 

CKD, 51 were ESKD patients receiving HD and 72 were kidney transplant recipients. 

An overview of the inclusion of patients and belonging papers can be found in Figure 

3.  

 



 44 

 

 

Figure 3: Overview of the inclusion process of study participants and patients 

included in the different papers 

CKD indicates pre-dialysis chronic kidney disease stages 3-5; HD, haemodialysis 
patients; and KTR, kidney transplant recipients. *Patients still alive without an updated 
consent were excluded from Paper III (n = 65).    

 

In Paper III, an updated consent was required from the patients in the study population 

still alive by 31.12.21. A review of the medical records showed that 66 patients were 

deceased by the end of 2021. Then, the 169 patients who were still alive by the end of 

2021 were asked whether they would agree to continue their participation, and 104 

gave written consent to participate in the follow-up study, resulting in a total of 170 

patients included in Paper III (Figure 4).  
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Figure 4: Overview of the inclusion process of study participants in Paper III.  

CKD indicates chronic kidney disease 

 

No formal power calculation was performed for this project, as the aim was to include 

as many patients as possible for each of the rounds of data collection. Eligible patients 

were adult patients (> 18 years) that were able to speak and understand Norwegian or 

English. All rounds of data collection were done as part of a master’s thesis in clinical 

nutrition, with the exception of data collection in 2018, which was an additional data 

collection round of HD patients. All patients that accepted participation in the study 

gave written consent in advance of participation.  
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4.2 Data collection  

Participation in the project consisted of a structured interview about medical history, 

lifestyle habits, and dietary intake. Measurements of anthropometry, body 

composition, and muscle strength were performed. Additional information on blood 

pressure, clinical-chemical measurements and disease history was registered from the 

patients’ electronic journals (DIPS) after the interview. Samples of blood and urine (if 

possible) were collected and stored in a biobank for further analyses not performed 

routinely at the hospital. Within each round of data collection, all data collection was 

performed by the same interviewer, and the former data collector was responsible to 

train the next one.     

Anthropometric and functional measurements  

Anthropometric measurements included measurements of height, body weight, 

MUAC, skinfold triceps, skinfold biceps and waist circumference. These 

measurements were used to calculate BMI, MUAMC, and MUAMA, and to identify 

central obesity.  

Height  

The patient’s height was measured with a free-standing stadiometer (Seca model 217, 

Seca Hamburg, Germany). The measurement was conducted with the patient wearing 

light clothing and no shoes. The patient was asked to stand straight with their heels and 

knees together and arms hanging loosely along the body. They were asked to look 

straight ahead, and the measurer ensured that their head was kept in the Frankfurt plane. 

The measurement was taken once to the nearest 0.5 cm.   

Body weight  

To measure the patients' weight a portable electronic scale was used (Seca, model 877, 

Seca Hamburg, Germany). Patients were measured with the patient wearing light 

clothing and no shoes. The measurement was taken once to the nearest 0.1 kg.     

Body mass index (BMI) 

BMI was calculated as weight (kilograms) divided by height (metres) squared, and 

categories from WHO were applied (174): Underweight (BMI < 18.5 kg/m2), normal 
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weight (BMI 18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2), and obesity (BMI > 30 

kg/m2).    

Mid-upper arm circumference (MUAC) 

The patient was asked to remove any clothing from their non-dominant arm. The 

midpoint between the acromion process on the shoulder blade and the olecranon 

process of the ulna was marked. A flexible non-stretch tape was wrapped firmly around 

this point to measure the circumference of the upper arm while the patient had their 

arm hanging loosely by their side without flexing any muscles. The measurement was 

taken once to the nearest 0.5 cm.    

Mid upper arm muscle circumference (MUAMC) and mid-upper arm muscle 

area (MUAMA) 

A formula was used to calculate the MUAMC of the non-dominant arm, by using the 

mean measurements from the MUAC and skinfold thickness triceps. MUAMC was 

used to calculate MUAMA:  

MUAMC (mm) = MUAC (mm) – ( x TSF (mm)) 

MUAMA (mm2) = MUAMC (mm)2 / 4 

Waist circumference  

Waist circumference was measured on bare skin at the midpoint between the lower 

costal arch and the iliac crest. Patients were asked to breathe normally, and the 

measurement was taken on the out-breath to the nearest 0.5 cm. The measurement was 

repeated three times, and the mean value was noted. Cut-off values for increased waist 

circumference, indicating central obesity, were set to 102 cm for men and 88 cm for 

women, as suggested by the WHO and National guidelines on the primary prevention, 

investigation, and treatment of overweight and obesity from the Norwegian Directory 

of Health (175,176).  

Skinfold triceps 

Skinfold triceps was taken at the same point as the MUAC on the non-dominant arm, 

at the midpoint between the acromion process and the olecranon process using a Lange 
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skinfold calliper (Quick Medical, Issaquah, USA). The investigator grasped the 

skinfold approximately two centimetres over the marked point on the dorsal side of the 

arm. The measurement was taken three times to the nearest 0.01 cm, and the mean 

value was applied.  

Skinfold biceps  

Skinfold biceps was taken with the same method as skinfold triceps, except that this 

measurement was performed on the frontal side of the arm. The measurement was taken 

three times to the nearest 0.01 cm, and the mean value was applied.    

Handgrip strength (HGS) 

A JAMAR hydraulic hand dynamometer (Sammons Preston, Bolingbrook, IL, USA) 

was used to measure HGS. The patients were asked to sit down on a chair without  

armrests, keep their elbow flexed to 90 degrees, their wrist straight, and grasp as hard 

as they managed around the device. The dynamometer could be adjusted according to 

hand size. The investigator tried to encourage the patient to get as good results as 

possible. The results were measured in kilograms to the nearest 0.1 kg. This was 

repeated three times on each side, with alterations between the arms at each 

measurement. The mean and maximum measure, irrespective of hand dominance, were 

noted.   

Knee extension 

To measure the strength in the muscles of the legs a hand-held digital force gauge 

(Chatillion-Ametek DFE Series II) was used. This measurement was taken on the non-

dominant side, without shoes. The patients sat on a chair with their knees flexed to 90 

degrees. The examiner, kneeling, placed the device just below the patient’s knee. The 

patient then led their non-dominant foot along the floor while the investigator used their 

body weight and muscle strength to resist the movement of the patient. The 

measurement was repeated three times and the results were measured in newton, N.  

Bioelectrical impedance analysis (BIA) 

A single frequency tetrapolar BIA 101 Anniversary Sport Edition (AKERN) was used 

for measuring body composition by BIA. The measurement was conducted on the non-
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dominant side with the patient in a supine position at an examination table with their 

limbs abducted from the body and each other. Watches, jewellery, and belts were 

removed, but the patients were not fasting, asked to have their skin cleaned or 

systematically prompted to empty their bladder in advance of the examination as a 

routine.  

The current electrodes were placed on bare skin on the dorsal side of the hand and foot, 

proximal to the phalangeal-metacarpal joint and the metatarsal phalangeal joint, 

respectively. The voltage detection electrodes were placed on the pisiform prominence 

of the wrist and between the medial and lateral malleoli of the ankle. Contraindications 

to this measurement are implanted pacemakers and pregnancy, and in these cases, the 

measurement was not carried out. 

Appendicular lean mass (ALM) was calculated with an equation by MacDonald et al., 

as this has been validated to predict muscle mass in patients with CKD (119):    

ALM = −11.626 + (0.292 × height2 / resistance) + (0.06983 × 

reactance) + (0.08553 × height) + (−2.092 × sex) + (−0.05 × age)  

Parameters in the equation: height (cm); resistance and reactance at 50 kHz (Ω); sex, 0 

= male, 1 = female; age (years). 

ALMI was calculated as ALM/height2.  

The measurements of BIA were also used to calculate total fat mass (kg and %) 

facilitated by the equation for total fat free mass (FFM) of Deurenberg et al. (177): 

FFM = 0.652 x 104 x height2/resistance + 3.8 sex + 10.9      

Parameters in the equation: height (m); resistance (Ω); sex, male = 1, female = 0.   

Nutritional risk of undernutrition 

Nutritional risk screening 2002 (NRS2002) was applied as a screening tool to identify 

patients at nutritional risk of undernutrition in the study population. NRS2002 consists 
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of an initial screening section and a main screening section. The initial screening 

section consists of four questions:  

1. Is BMI < 20.5 kg/m2?  

2. Has the patient lost weight within the last three months?  

3. Has the patient had a reduced dietary intake in the last week?  

4. Is the patient severely ill? (e.g., in an intensive care unit) 

If the answer to at least one of these questions is yes, the screening continues to the 

main screening section. In this section, there are two categories, one regarding the 

nutritional status and one regarding the severity of disease. Points from 0 to 3 are given 

in each category, depending on the severity of the impairment in each category. The 

points of the two categories are added together and an extra point is given if the patient 

is aged 70 years or older. If the total score from the main screening section is three or 

higher the patient is considered at nutritional risk of undernutrition.   

Sarcopenia 

In Paper I, the EWGSOP1 citeria was applied to identify patients with sarcopenia, 

while the EWGSOP2 criteria was applied in Paper III (125,139). The measures and 

associated cut-offs for sarcopenia concerning the respective definitions are presented 

in Table 4.   

Table 4: Diagnostic criteria for sarcopenia  

Consensus Measure Male Female 

EWGSOP1 HGS 

SM/HT2 

< 30 kg  

 8.87 kg/m2 

< 20 kg  

 6.42 kg/m2 

EWGSOP2* HGS 

ASM/ALM 

< 27 kg 

< 20 kg 

< 16 kg  

< 15 kg  

ALM indicates appendicular lean mass; ASM, appendicular skeletal muscle mass; 
EWGSOP, European working group on sarcopenia in older people; HGS, handgrip 
strength; HT2, height squared; and SM, skeletal muscle mass by BIA 

*Physical performance tests may be conducted to assess the severity of sarcopenia if 
sarcopenia is confirmed. Such tests include gait speed, short physical performance 
battery, time up and go, and a 400 m walking test.  
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Dietary intake  

Information about dietary intake was collected by a 24-hour dietary recall. The patient 

was asked to report the food and fluid intake the day before the interview in a 24-hour 

dietary recall. Details about brand and amounts in household measures were inquired 

of, as were snacking and drinking between meals. The information about the dietary 

intake was registered in Kostholdsplanleggeren, a diet tool developed by the 

Norwegian Directorate of Health and the Norwegian Food Safety Authority using 

dietary data from the Norwegian Dietary Database (178). 

Information from patient records  

Blood pressure was registered from the electronic patient record. Blood pressure 

measurements from two weeks in advance and one week after the inclusion were 

accepted. If the blood pressure was noted as a range, the mean value was registered in 

the dataset.   

The patients’ electronic journal was used to obtain information about major clinical-

chemical variables. In ESKD patients treated with HD, these were from the same day 

as the long interval of dialysis and obtained before dialysis. In pre-dialysis CKD stage 

3-5 patients and kidney transplant recipients, these variables were usually analysed in 

a blood sample obtained the same day as the patient’s physician appointment, but some 

patients had their blood drawn in advance of the appointment. Samples taken up to two 

weeks prior to the study day were accepted.   

Table 5: Analysis retrieved from routine blood and urine samples 

Whole blood Serum Urine analysis  

Haemoglobin Albumin Creatinine  

HbA1c Glucose Albumin (mg/mmol creatinine) 

 CRP Protein (mg/mmol creatinine) 

 Creatinine  

 eGFR*  

 Urea  

*Calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation. CRP indicates C-reactive protein; and eGFR, estimated glomerular filtration 

rate. 
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An overview of the analyses performed in routine blood and urine samples collected 

from the patients’ electronic journals is shown in Table 5. Samples taken more than 

two weeks in advance of or two weeks after the interview were not included. Samples 

were analysed at the Department of Medical Biochemistry and Pharmacology at 

Haukeland University Hospital, using standard methods. More information about the 

coefficient of variation and the methods used can be found on 

www.analyseoversikten.no. 

Medicine prescription  

In Paper II, information about prescribed medications was collected from patient 

records and categorised according to the Anatomical Therapeutic Chemical (ATC) 

Classification system (first, second and fifth level) by a dietitian and a final year 

master’s student in pharmacy in collaboration. Prescriptions of five or more 

medications at the same time were identified as polypharmacy and prescriptions of ten 

or more medications at the same time were identified as excessive polypharmacy. 

Medications were also grouped according to side effects. A medication was included 

in a side-effect of either nausea or xerostomia if it was listed as a common or very 

common side-effect of that specific medication according to the Norwegian 

Pharmaceutical Product Compendium (“Felleskatalogen”) or “Norsk 

Legemiddelhåndbok” (179). The medications included in the categories of common or 

very common side-effects of nausea or xerostomia are shown in Table 6.   
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Table 6: Medications, presented as an ATC-number and active substance, with 

nausea or xerostomia as a common or very common side-effect  

Nausea 

A07E C01 Sulfasalazine A07E C02 Mesalazine A10B A02 Metformin 

A10B J02 Liraglutide B03A A01 Ferrous glycine 

sulfate 

B03A A07 Ferrous sulfate 

C01B D01 Amiodarone H05B X01 Cinacalcet H05B X02 Paricalcitol 

L04A A06 Mycophenolic 

acid 

L04A A10 Sirolimus L04A D01 Ciclosporin 

L04A D02 Tacrolimus L04A X03 Methotrexate M04A C01 Colchicine 

N02A A01 Morphine N02A B03 Fentanyl N02A E01 Buprenorphine 

N02A X02 Tramadol N03A X09 Lamotrigine N03A X12 Gabapentin 

N03A X14 Levetiracetam N03A X16 Pregabalin N05A D01 Haloperidol 

N05A N01 Lithium N05B B01 Hydroxyzine N05C F02 Zolpidem 

N06A B04 Citalopram N06A B06 Sertraline N06A B10 Escitalopram 

N06A X11 Mirtazapine N06A X16 Venlafaxine  N06D A02 Donepezil 

V03A E01 Polystyrene 

sulfonate 

V03A E02 Sevelamer V03A E03 Lanthanum 

carbonate 

Xerostomia  

N02A X02 Tramadol G04B D07 Tolterodine N02A E01 Buprenorphine 

N05A D01 Haloperidol N02A B03 Fentanyl N03A X16 Pregabalin 

N06A B05 Paroxetine N03A X12 Gabapentin N05A H04 Quetiapine 

N06A X11 Mirtazapine N05A H03 Olanzapine N05C F01 Zopiclone 

R06A X22 Ebastine N05B B01 Hydroxyzine N06A B04 Citalopram 

N06A X16 Venlafaxine N06A A09 Amitriptyline N06A B10 Escitalopram 

N06A B06 Sertraline R06A E07 Cetirizine R06A X27 Desloratadine  

Medicines associated with a nutrition-related side-effect are defined according to 

information on common (>1/100 - <1/10) and very common (>1/10) side-effects of 

medicines from the Norwegian Pharmaceutical Product Compendium (Felleskatalogen), 

Norsk legemiddelhåndbok (22) and ATC/DDD Index 2019 by WHO Collaborating Centre 

for Drug Statistics Methodology. ATC indicates anatomical therapeutical (ATC).   

 

Comorbidities 

In Paper III, measures of nutritional status and the diagnoses of sarcopenia and central 

obesity were assessed as risk factors for mortality in the study population. The 

associated risks were adjusted for the comorbidities of diabetes or cardiovascular 

disease, as well as present HD treatment and serum albumin. An overview of diagnostic 

criteria applied is presented in Table 7.  
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Table 7: Diagnosis and the respective diagnosis criteria applied in the study 

Diagnosis Criteria 

Diabetes mellitus Written in patient record  
or  
Diagnosis: E10-14  
or  
HbA1c ≥ 48 mmol/L 
or  
Prescription of antidiabetic medications: A10A-B 

Cardiovascular disease Diagnosis of coronary heart disease I20-25  
or 
Diagnosis of atrial fibrillation I48  
or 
Diagnosis of heart failure I50 
or 
Diagnosis of total stroke I60-61, 63-64 except I63.6  

Diagnoses are classified according to International Classification of Diseases.  

4.3 Statistical analyses  

The statistical analysis of Paper I were performed in IBM SPSS Statistics version 25 

(IBM, NY, USA). Each CKD modality was analysed separately. For continuous 

variables, independent samples t-tests were used to compare two groups with 

approximately normal distribution, and the non-parametric Mann Whitney-U test was 

applied when there was a lack of normal distribution. For categorical variables, the 

Chi-squared, or Fisher’s exact test were applied. For assessment of differences between 

treatment modalities, analysis of variance or a Kruskal-Wallis test was applied, while 

associations between continuous variables were investigated by Spearman’s rho 

correlation analysis. To explore factors associated with central obesity and sarcopenia, 

we used multivariate logistic regression.     

In Paper II, the study population was grouped in three different ways. First, according 

to CKD modality (pre-dialysis, dialysis, or transplant), and second according to their 

CKD stage. Third, patients were grouped according to the prescription of medications 

with nutrition-related side effects xerostomia and nausea. The characteristics for each 

CKD modality and the total population were presented with means and standard 

deviations. For differences between the CKD modalities, unadjusted regression 

analyses were performed. The association between the number of prescribed 
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medications and the different measurements of nutritional status were investigated by 

linear regression analysis adjusted for age, sex and eGFR. Differences in measurements 

of nutritional status were also estimated according to the prescription of medications 

with nutrition-related side effects, followed by a linear regression analysis with 

adjustment for sex, age, eGFR, and the total number of prescribed medications. The 

analyses in Paper II were performed in R software version 4.0.3 (The R Foundation 

for Statistical Computing, Vienna, Austria), and the packages within “Tidyverse” 

(180); “dplyr” (181), “tidyr” (182), “broom” (183), and “ggplot2” (184) were applied. 

In Paper III, patient characteristics were presented according to whether they were 

alive or deceased after two years. The groups are presented with means and standard 

deviations or counts and percentages. The association between nutritional status and 

mortality was investigated by the Kaplan Meier curve and Cox regression models for 

the diagnosis of sarcopenia and central obesity. Cox regression hazard ratios were also 

estimated for a one-unit change in HGS, ALM, ALMI, waist circumference, skinfold 

triceps, MUAC, and MUAMC. For phase angle, the Cox regression hazard ratios were 

estimated for 0.1-unit change. The Cox regression models were adjusted for age and 

eGFR for all markers and additionally adjusted for sex for the continuous markers. 

Additional models were created, where adjustments for albumin, diabetes mellitus, 

cardiovascular disease or dialysis treatment were added one by one to the original 

model. Generalised additive models were plotted for the association between markers 

of nutritional status as continuous variables and mortality risk to explore non-linear 

relationships. The analyses in Paper III were performed in R software version 4.0.3 

(The R Foundation for Statistical Computing, Vienna, Austria). The packages applied 

in the analyses of this paper were the packages within the “Tidyverse” (180);  “dplyr” 

(181), “tidyr” (182), “ggplot2” (184), and “lubridate” (185). In addition, the packages 

“Survival” (186)  and “Survminer” (187), and the function “plotHR”(188) were applied.  
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4.4 Ethics  

The patients that participated in the project were exposed to low risk and the workload 

for the patients was small. As a routine, the patients were interviewed on the same day 

as their routine appointment with their nephrologist at Haukeland University Hospital, 

since they were already present at the hospital. The interview and examination together 

lasted for about 45 minutes. In addition, the kidney transplant recipients were asked to 

answer some questions by telephone about a week later. This phone call usually took 

5-10 minutes.   

The patients were also asked to give blood samples and urine samples to a biobank for 

future analysis. These samples were, if possible, collected at the same time as their 

routine samples, which did not lead to extra time spent waiting or the extra distress of 

retaking the blood samples. As a routine, many of the outpatients had their blood 

samples taken in advance of their appointment with the nephrologist, which made it 

impossible to coordinate the samples. If this was the case, the patients were asked if 

they were comfortable with taking a new round of blood samples and there was no 

enforcement from the examiner's side. The urine samples for the biobank were 

delivered directly to the examiner.  

The studies included in this thesis were approved by the Regional Committee for 

Medical and Health Research (REK Vest, No 2014/1790 and 10155) and conducted 

following the principles of the Helsinki Declaration. Written and informed consent was 

collected before study participation, and for the patients participating in the study for 

Paper III, a renewed consent was obtained.  All patients participating in the study were 

offered to receive information about their personal results from the examination as well 

as access to the respective master’s thesis. 
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5. Results 

5.1 Paper I: Assessment of nutritional status  

The aim of Paper I was to assess nutritional status in a population of CKD patients at 

different stages, including patients with pre-dialysis CKD stage 3-5, ESKD patients 

treated with HD, and kidney transplant recipients. Nutritional status was assessed 

widely including several anthropometric measures, as well as functional measures, data 

on dietary intake and biochemical measures. The collected data material was used to 

assess the nutritional risk of undernutrition, sarcopenia, and central obesity. 

Adult patients with chronic kidney disease followed at Haukeland University Hospital 

were eligible for participation in this cross-sectional study. The data collection took 

place from 2014 to 2017, and we included 24 patients treated with HD, 112 patients 

with CKD stages 3-5, and 72 kidney transplant recipients.  

Among the 208 patients included in Paper I, we observed a low prevalence of patients 

at nutritional risk as well as patients with underweight. The exception was patients 

treated with HD, who showed a prevalence of 33 % concerning the nutritional risk of 

undernutrition. In the total population, a large proportion of the patients were 

overweight (37 %) or obese (26 %). Additionally, a high prevalence of both sarcopenia 

(36 %) and central obesity (49 %) was observed. Among the patients with central 

obesity, 49 % were either overweight or normal weight according to the BMI-

classification. 

We identified that challenges regarding nutritional status are common in patients with 

CKD, especially sarcopenia and central obesity. Such conditions would not have been 

revealed by measuring body weight or BMI, and measurements of body composition 

and body shape are warranted to facilitate a comprehensive assessment of nutritional 

status. 
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5.2 Paper II: Medicine prescription and nutritional status  

In Paper II, we aimed to investigate the association of medication prescription with 

nutritional status in patients with CKD. Information about medication prescriptions 

was collected from the patients’ electronic records, and an assessment of nutritional 

status was performed by anthropometric and functional measurements. We evaluated 

the total number of prescribed medications, as well as the number of prescribed 

medications with the common or very common side effects of nausea or xerostomia.  

In this study, patients from pre-dialysis CKD stages 3-5 (n = 112), ESKD patients 

treated with HD (n = 33) and kidney transplanted patients (n = 72) were included, in a 

total 217 patients. On average, patients were prescribed nine medicines, with a higher 

mean number in dialysis patients (15 prescribed medications) and a lower number 

among patients with pre-dialysis CKD stages 3-5 (8 prescribed medications). Of the 

study population, 84 % was identified with polypharmacy and 37 % with excessive 

polypharmacy. The number of prescribed medications was inversely associated with 

MUAC, skinfold triceps, HGS, serum albumin, and haemoglobin in linear regression 

analyses with adjustments for age, sex and eGFR. The prescription of medications with 

nausea as a side effect was associated with lower MUAC, skinfold triceps, albumin, 

and haemoglobin, while medications with xerostomia were associated with lower HGS.   

5.3 Paper III: Nutritional status and mortality risk  

In Paper III, the aim was to investigate the association between measures of nutritional 

status and mortality risk after a two-year follow-up. We measured nutritional status at 

baseline and collected information about mortality state at the end of 2021 from the 

patients’ records. If applicable, the cause of death was also collected.  

Out of the 170 patients included in this study, 31 patients (18 %) were dead after two 

years. The mortality rate was higher among the patients treated with HD compared to 

the patients with pre-dialysis CKD stages 3-5 and kidney transplanted patients, which 

had a similar mortality rate. The patients that were deceased were older, had lower 

mean serum albumin and eGFR, and had a higher prevalence of diabetes, CVD, and 
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sarcopenia. In Cox regression models adjusted for age and eGFR, sarcopenia was 

associated with mortality (hazard ratio 2.92, [95 % confidence interval 1.24, 6,89]), 

while central obesity was not associated with mortality risk (1.05, [0.51, 2.15]). For the 

continuous markers assessed, the Cox regression models were adjusted for age, eGFR 

and sex. We observed no association between mortality risk and the markers of BMI 

and waist circumference, while an inverse association was observed for the markers of 

ALM, HGS, MUAC, phase angle, and triceps skinfold. Additional adjustment for 

albumin, diabetes, CVD, or dialysis treatment in the Cox regression models did not 

change the estimates substantially. The Cox regression models for the continuous 

markers were also assessed in generalised additive models to assess non-linear 

relationships. Measures of BMI showed no relationship to mortality risk, apart from 

BMI < 22 kg/m2. For the markers of waist circumference and MUAMC, we observed 

a U-shaped relationship, with increased mortality risk at extreme values measured. For 

the remaining markers, we observed a negative linear relationship with mortality risk.  

The results from this study suggest that markers of nutritional status may be predictive 

of mortality risk in patients with CKD, however, the most frequently applied measure 

in the clinic, BMI, was not a predictive marker in this study. Our results suggest that 

the inclusion of measurements other than BMI may be of value in clinical practice to 

identify patients at risk.   
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6. Discussion 

6.1 Methodological considerations  

6.1.1 Study design  

The studies of Paper I and II included in this thesis are of cross-sectional design. A 

cross-sectional study is designed to give a snapshot of the characteristics of a specific 

population at a one-time point, with descriptive statistics, allowing for assumptions 

about concurrent characteristics. In the hierarchy of research designs, cross-sectional 

studies are ranked lower than longitudinal observational studies and intervention 

studies. However, studies with a cross-sectional design offer many advantages that 

more sophisticated study designs do not offer. The aim of the study is also important 

to consider when choosing a study design, in terms of the balance of benefits and harm 

in medical research (189). In a cross-sectional study design, there is no loss to follow-

up and such studies are quite quick and cheap to conduct. For the purpose of 

investigating prevalences and characteristics, a cross-sectional study design would be 

a suitable choice of study design, and it also enables the possibility of studying several 

characteristics at the same time. Additionally, cross-sectional studies are also suitable 

as hypothesis-generating for future investigations (190).  

The limitations of a cross-sectional design include no ability to measure incidence, nor 

the ability to make a causal inference, and interpretation of the results from a cross-

sectional study should be done according to these limitations. Thus, we can conclude 

that there are high prevalences of central obesity and sarcopenia in Paper I, but we 

cannot distinguish whether there is an associative or causal relationship between these 

conditions and CKD. In the case of the latter, we do not have any information about 

the direction of the causality, whether the identified conditions of nutritional status 

cause CKD or vice versa. In Paper II, we were cautious about drawing any conclusions 

about the associations we observed between prescribed medications and nutritional 

status, and these should be further investigated in studies with a longitudinal study 

design.  
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In Paper III, a longitudinal study design, or cohort study design, was applied. 

Longitudinal studies offer the advantage of investigating the association of baseline 

characteristics with endpoint measures over time, such as mortality. It is also possible 

to study incidence in cohort studies, and multiple endpoints can be studied in the same 

study. In such a study design, it is possible to calculate the risk of an outcome, e.g., 

mortality. However, conclusions about causality cannot be drawn from a cohort study 

design. Nevertheless, the results from a cohort study design are useful as a starting 

point for further investigation of causal associations.  As in any study design, there are 

disadvantages that require consideration, such as loss to follow-up and incomplete 

assessment of endpoint measures (191). In our study, we experienced loss to follow-up 

due to the requirement of an updated consent to participate in the study, but the 

assessment of outcome (e.g., mortality) was regarded as complete. Our study only 

included measurements at baseline (one time) and associated the measurements to 

mortality status after two years. We did not include any information about the 

progression of CKD during the two years of follow-up in our analyses, nor information 

on whether the patients had changed their CKD modality (from pre-dialysis to dialysis, 

dialysis to transplantation, transplantation to second transplantation, etc). These may 

have been important confounding factors to include, especially for the patients at less 

severe stages of CKD at baseline, and this will be the next step forward after this PhD 

project.  

The challenges of confounding and bias are important to consider in the context of all 

observational studies. A confounder is defined as a factor that is associated with both 

the exposure and outcome studied without it being the causal pathway between the two 

(190). As an example from Paper II, we are not able to separate the number of 

prescribed medications from the morbidity of the patients, and thus the number of 

prescribed medications may be a confounder of the association observed. Stratification, 

restriction and matching are methods to prevent or control confounding, as well as 

adjustment in analyses. We attempted to handle the challenge of confounding by 

adjusting for assumed confounding factors in our analyses, such as age, sex and kidney 

function, in Papers II and III. In these papers, we also stratified by sex for markers of 

nutritional status where differences due to sex are well-established.  
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Bias is considered, as any systematic error in a study, either in data collection or study 

participant selection, to preclude the true effect of an expose on the outcome or the 

general application of the results (190). Standardisation of measurements and pre-

defined inclusion criteria for the study are thus important strategies to reduce the 

influence of bias; this notwithstanding, some bias will always be present.    

6.1.2 Study population and data collection 

As presented in the introduction, the primary cause of CKD may be of importance when 

assessing nutritional status and consequences such as mortality. In the data collection 

for the studies included in the thesis, we included patients with all primary causes of 

kidney disease along the continuum of CKD. We did not specify the vintage of HD or 

time since transplantation for the HD or kidney transplanted patients in the inclusion 

criteria. This wide acceptance of patients to the studies introduces heterogeneity to the 

study population. On the other hand, such wide acceptance of patients was necessary 

to include as many patients as possible. The population also ranged in age, from 21-89 

years at inclusion, which is of importance when interpreting both dietary intake and 

anthropometric measures of nutritional status. While such heterogeneity may be 

considered a disadvantage, it also enables the advantage of assessing nutritional status 

at different modalities of CKD.  

A sample size calculation was not done at the start of the project due to the exploratory 

and observational nature of the project, and the goal was to include as many patients as 

possible within each subproject. The sample size was based on a convenience sample 

in a single centre, and even though the data collection was done at a tertiary hospital 

with wide geographic coverage, the sample size was modest. This did not allow further 

subgroup analyses of the population, both regarding CKD stage, CKD modality and 

cause of disease, which would all have been interesting to investigate further, 

especially in Papers II and III. At the same time, the heterogenous study population 

allowed us to investigate nutritional status widely in terms of the inclusion of several 

markers of nutritional status and a wide range of the CKD spectra. As CKD is a 

progressive disease, this might also be a strength of the studies. Compared to the 

available patients in each modality, the sample size reflected the mean age of all 
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patients approached. Nevertheless, the prevalence of males recruited was higher than 

the overall prevalence (data not shown).   

In this project, all data on nutritional measures were measured directly, not using a 

proxy. Within the same round of data collection (see Figure 3), all measurements were 

performed by the same investigator, and the investigator collecting the data in the prior 

data collection round was responsible for training the next in the standardised 

measurement methods. Thus, bias was reduced to a minimum. All investigators were 

either master’s students in clinical nutrition in their final year or a dietitian. The data 

collection of medication prescriptions was done in collaboration with a final year 

master’s student in pharmacy and supervised by an associate professor in pharmacy, 

ensuring the quality of the data collection.   

6.1.3 Assessment of nutritional status  

In this project, we have assessed nutritional status widely and applied several 

assessment methods for that purpose. While many of these measurements are easy to 

conduct, there are still methodological aspects to consider. In the following sections, 

the methodological aspects of different categories of assessment of nutritional status 

will be elaborated.  

Dietary data 

In the current project, dietary intake was assessed by one 24-hour dietary recall. The 

respondent is asked to give as many details about their dietary intake as possible 

regarding food preparation methods, ingredients, brand names, and estimates of 

amounts according to household measures (192). A 24-hour dietary recall is quick and 

easy to conduct, both for the interviewer and the participant, as it asks about the dietary 

intake of the previous day. Due to the retrospective methodology of a 24-hour dietary 

recall, there is also less probability that the dietary intake of the patient will be 

influenced by the dietary assessment. However, there are limitations to this method of 

dietary intake assessment: it is dependent on the patients remembering their dietary 

intake, both what they ate and in what amounts. This can be a challenge, especially in 

the ageing population, which was a major proportion of our study population. This also 
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makes the method exposed to underreporting, which also may have been a challenge 

in the present project (193).   

Another limitation to a single 24-hour dietary recall is that it is not sufficient to capture 

day to day differences in dietary intake, nor variances during the week or seasons. This 

may be of importance in patients with chronic diseases, and an especially important 

factor in dialysis patients, where differences in dietary intake have been observed 

depending on whether the dietary assessment was from a dialysis day or non-dialysis 

day (194). The day-to-day variability of dietary intake is regarded as requiring at least 

two, but preferably even more 24-hour dietary recalls to acquire a reasonable estimate 

of habitual dietary intake. By adding at least one more 24-hour dietary recall the quality 

of the dietary data would have improved significantly (195). We did an additional 24-

hour dietary recall in subgroups of the study population, however not in a sufficient 

proportion so that this could be included in the analyses of dietary intake. On the other 

hand, one can argue that the use of a 24-hour dietary recall may be appropriate for the 

assessment, as this is used as a basis in the nutritional assessment and treatment in 

clinical practice (112). However, we decided not to include dietary data in Papers II 

and III due to the uncertainty of the data as well as the limited sample size, as earlier 

described.     

Nutritional risk of undernutrition  

In this project, we applied NRS 2002 as a screening tool for undernutrition. NRS 2002 

has been recommended by ESPEN (112,130). A screening tool should be quick and 

fairly easy to apply and should be able to identify the patients that are at risk of adverse 

outcomes and that will benefit from nutrition therapy. In studies with patients with 

CKD, NRS 2002 has been reported to adequately identify patients that are considered 

undernourished, as well as be able to predict adverse outcomes. It may thus be 

appropriate to apply it to patients with CKD (196,197). However, these are studies 

conducted with hospitalised patients, and the patients in our project are outpatients, 

thus the results may be different in such patient groups. It also remains to compare the 

reliability of NRS 2002 to other screening tools in the CKD population (169).   
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Further, NRS 2002 has also been incorporated in clinical practice in Norway, as this 

has been the recommended screening tool for hospitalised patients (135). Of note, from 

March 2022, the revised National Guidelines for prevention and treatment of 

undernutrition were updated, and Malnutrition Screening Tool (MST) was proposed as 

the recommended screening tool for the whole health care system in Norway (198).  

Diagnosis of sarcopenia  

In Paper I and III, sarcopenia was identified in the study population as a deviation 

from normal nutritional status. Sarcopenia was first described in 1989 by Irvin 

Rosenberg, and numerous definitions for diagnosis are in place, usually based on the 

measurement of muscle mass and strength. In Paper I, we used the EWGSOP1 

definition, which uses muscle mass and strength. In 2018, this definition was updated 

with new cut-offs and extended with functionality for an assessment of the severity of 

sarcopenia (EWGSOP2). The application of EWGSOP2 lead to a lower prevalence of 

sarcopenia, compared to the old definition (125,139).  For the purpose of 

comparability, this is a challenge, not only with the papers included in this thesis but 

the overall comparability of the identification of sarcopenia in the literature.  

There are several studies where sarcopenia is defined by low HGS alone, but the cut-

offs applied may vary according to the consensus followed (146,199). Other studies 

only included the measure of muscle mass as a criterion for the diagnosis of sarcopenia 

(200). Today, the current definitions have different cut-offs for males and females but 

do not differentiate in patient demographic or origin of the potential muscle weakness. 

Whether cut-offs should also be disease-specific remains to be investigated, but this 

has been proposed in the literature (201). The lack of a common definition of the 

diagnosis of sarcopenia also causes differences in reported prevalence in the literature 

(146,200). Additionally, the methodology for the measurement of muscle strength and 

muscle mass is not very detailed in the consensus by EWGSOP, which will be further 

discussed in the following sections (202,203).  

Handgrip strength (HGS) 

Even though cut-offs for HGS exist for the diagnosis of sarcopenia, there is a large 

variation in the measurement procedure, e.g., how many repetitions, whether the 
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dominant or non-dominant hand should be used, and whether the mean, median, or 

maximum value should be used (203). This is not stated by EWGSOP or any of the 

other consensuses for sarcopenia. Protocols exist for the measurement of HGS, such as 

the protocol of the American Society of Hand Therapists (ASHT) and the Southampton 

protocol, but these are rarely applied or referred to in studies, and we did not either 

refer to such protocol. However, our methodology is similar to the Southampton 

protocol (204,205). The biggest difference between the two protocols is whether the 

maximum or mean measure of HGS should be applied. In a recently published study, 

the maximum and mean HGS was validated against physical performance in the 

diagnosis of sarcopenia, and the use of max HGS was found most predictive, which is 

in line with the Southampton Protocol  (206).      

Body composition  

In the current thesis, muscle mass was assessed by measurements of BIA. The 

advantages of BIA are that it is cheap and easy to use compared to DEXA, and the 

results are easy to reproduce. Additionally, the conduction of the procedure is 

considered easy and non-invasive for the patient (120,207). One of the limitations of 

BIA, compared to DEXA, is that BIA measurements can be affected by hydration status 

(208). The presence of oedema is common in CKD patients, especially in HD patients. 

To minimise the influence of overhydration in patients treated with HD, BIA 

measurements were done after dialysis. However, overhydration may also be present 

in other CKD patients. In our study population, the kidney transplanted patients were 

assessed for oedema, and indeed approximately 10 % of the patients were identified 

with pitting oedema or visible oedema. Thus, the results of body composition by BIA 

should therefore be interpreted with some uncertainty.  

Physical function and physical activity 

In the EWGSOP2 definition, it is recommended to assess the severity of sarcopenia by 

physical function (139). In the current thesis, we aimed to assess nutritional status 

thoroughly; however, physical function was not well assessed. In parts of the study, the 

data collection involved assessment of both physical function and estimation of 

physical activity level, but this was not done for a sufficient proportion of the study 
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population. It was therefore not possible to assess the severity of sarcopenia in the 

current project, nor give an estimate of energy expenditure (139,209).    

6.1.4 Medication prescription  

In Paper II, we investigated the association between prescribed medications and 

nutritional status. We described the number and type of medications according to ATC 

level 1 for the CKD patients, in addition to categorising medications according to the 

side effects of nausea or xerostomia. To our knowledge, this way of structuring 

medications has not been done before, and this structure was the result of a close 

collaboration between the fields of medicine, pharmacy and nutrition. The work was 

driven by the heterogeneity in medications prescribed for the patients (216 different 

medications prescribed in different combinations for 217 patients), which made the 

further analyses of the type of prescribed medication complex without any structure of 

the prescribed medication. By structuring medications according to the side effects, we 

were able to create a quite simple system for the overwhelming number of prescribed 

medications.   

There are also some limitations to the methodology applied in Paper II regarding the 

prescribed medications. The heterogeneity in the lists of prescribed medications 

precluded analyses of dosages of specific medications, and thus the dosages and 

frequencies of medications are not taken into account. Also, we did not check for 

compliance, nor include over the counter substances in our analyses. Regarding the 

side effects studied, we did not collect any data to confirm whether the prescription of 

such medications was associated with the relevant side effect.  

In the analyses of the number of prescribed medications, linear regression models were 

conducted, where the effect of each additional medication was studied. In such 

analyses, the effect of each medication may be more than just additive, due to the 

interactions between medications. The interactions between medications in patients 

with CKD were studied in a Spanish study, and the study revealed interactions in 91 % 

of the patients (210). Also, it is difficult to distinguish between the effect of prescribed 

medications in themselves and the medications as a marker for morbidity.  
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The investigation of the effect of medication on nutritional status is complex. This 

complexity may explain why there is a general scarcity of research on the prescription 

of medications and nutritional status, let alone the prescription of medications and 

nutritional status in patients with CKD.        

6.1.5 Continuous variables, categorisation and classification  

The categorisation of continuous variables is common practice in medicine as it 

identifies patients with and without disease and risk of disease, and it also recurs in this 

thesis. Examples are the staging of CKD according to eGFR, the classification of 

sarcopenia according to cut-offs of HGS and ALM, and the assessment of dietary 

intake according to dietary requirements. Such classifications are useful and necessary 

for the health care system to be efficient and able to capture patients at risk or with a 

disease. However, it is important not to be blinded by such classification systems. A 

patient with an HGS barely exceeding the cut-off for sarcopenia will not be identified 

as a patient with sarcopenia, even though muscle strength may still be diminished and 

metabolism not abruptly altered at the set cut-offs. Another example is the assessment 

of dietary intake, where pre-set cut-offs may be decisive for whether a patient is given 

medical nutrition therapy. A patient barely exceeding the cut-off will not receive such 

treatment; however, during the following days, the patient may be below the cut-off.  

The application of the categorisation of continuous variables also requires careful 

measurement of the variables included, as even small measurement errors may entail 

the wrong classification of a patient. When the variables are applied as continuous 

variables, this may not entail large consequences, but when a patient is either identified 

as with or without sarcopenia, this demands even more specific data collection.   

6.2 Discussion of the results  

This thesis had the aim to assess the determinants and the importance of nutritional 

status along the continuum of CKD, applying a wide range of measures of nutritional 

status. We investigated the association between nutritional status and prescribed 
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medications, as well as mortality risk. The aims of the thesis are investigated in two 

cross-sectional studies and one longitudinal observational study.  

We found a high prevalence of sarcopenia, overweight and obesity, and central obesity 

in our combined CKD population. In the patients with ESKD treated with HD, we 

observed a high prevalence of patients at nutritional risk of undernutrition, while in 

pre-dialysis CKD and kidney transplantation, the prevalence was low.  

When investigating the association with prescribed medications, we found an 

association between several markers of impaired nutritional status and the number of 

prescribed medications. Even though the number of prescribed medications increased 

with the severity of CKD, polypharmacy was present even in patients with mild to 

moderate CKD. Prescribed medications with nausea as a common or very common 

side effect were associated with several markers of nutritional status, while medications 

with xerostomia as a common or very common side effect were inversely associated 

with hand grip strength.  

The overall two-year mortality was  18 %, and sarcopenia was associated with 

mortality risk. The continuous indicators of nutritional status such as HGS and MUAC 

were inversely associated with mortality risk, while for the more commonly measured 

markers such as BMI and waist circumference, we did not observe a linear association 

with mortality.    

6.2.1 Sarcopenia  

In this thesis, we have observed a high prevalence of sarcopenia, 36 % and 18 % with 

EWGSOP1 and EWGSOP2, respectively. Other studies have observed sarcopenia in 

CKD with prevalences between 4 and 49 %, and the large variation can be explained 

by the population studied (age, advancement in CKD, CKD modality) and the 

definition of sarcopenia applied, as elaborated in Section 6.1.3 (55,145,211,212). 

In a large scale study from the UK, the prevalence of sarcopenia in CKD patients was 

estimated to be twice the prevalence in the general population, and in a Turkish study 

of community-dwelling elderly (mean age 79.4), the observed prevalence of sarcopenia 
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according to EWGSOP1 was 0.8 %, indicating a lower prevalence in the general 

population than in the CKD population (146,213).  This may be explained by CKD 

being more prevalent with age, and thus the concordance of the conditions may be 

partly driven by ageing (primary sarcopenia) (139). However, the nature of CKD may 

also contribute to the deterioration of muscle mass and strength (secondary sarcopenia). 

The accumulation of uraemic toxins, low-grade inflammation, oxidative stress, insulin 

resistance, a decrease of the anabolic hormones such as IGF-1, and testosterone, 

deficiency of vitamin D, metabolic acidosis, as well as low dietary intake of energy and 

protein may altogether cause a net negative protein balance, and thus the breakdown of 

muscle mass (55,214). Additionally, low physical activity level which is prevalent in 

CKD may preclude the maintenance of muscle strength, and consequently further 

increase the risk of sarcopenia.  

Sarcopenia has become a focus in recent years, as many studies in non-CKD ageing 

populations and ESKD showed that the condition is related to adverse outcomes as well 

as increased health costs (143). In CKD, sarcopenia has been associated with lower 

quality of life, as it impairs the ability to perform activities of daily living, contributing 

further to the burden of CKD (213,215,216). Sarcopenia has also been associated with 

the risk of mortality, both in our study and in other studies (211). This will be further 

elaborated in the following section on mortality (Section 6.2.5).   

Assessment of sarcopenia is not an established routine in the hospital setting, which 

challenges both prevention and treatment. First, our results suggest that screening for 

the diagnosis must become a part of the routine in clinical practice, but this 

identification of sarcopenia is not sufficient to combat the implications of health that 

sarcopenia entails. Further, prevention of sarcopenia will be easier than the treatment 

of an already established sarcopenia diagnosis, thus early diagnosis seems to have 

better treatment results, even though more research is required.  

6.2.2 Overweight, obesity and central obesity 

In Paper I, we assessed nutritional status in the population, and we discovered both 

under and overnutrition among CKD patients, in terms of a high prevalence of HD 
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patients at nutritional risk of undernutrition, while the overall prevalence of overweight 

and obesity was high. The prevalence of overweight and obesity in our study is 

comparable to the prevalence in the general population of Norway (217). In Paper III, 

BMI and waist circumference were not related to mortality risk, which will be further 

elaborated in Section 6.2.5.   

The obesity paradox in pre-dialysis CKD and dialysis patients is established, where 

increased BMI has been observed as related to decreased mortality risk, as elaborated 

in the introduction (160). However, increased BMI is also considered a risk factor for 

onset CKD and progression to ESKD, which makes it important to treat. Reducing or 

managing a high BMI has been proposed to slow down the progression of CKD in its 

early stages, as well as enable patients to be assigned to the waiting list for 

transplantation. In a recently published Cochrane review, interventions for weight loss 

in CKD were studied (218). The weight loss of six included studies was calculated to 

a weight loss of 3.69 kg compared to the control group, however, the uncertainty was 

high (95 % CI 5.82 kg). The effect on eGFR was uncertain, and the effect on CVD and 

death was not included in any of the studies. More research is thus needed to investigate 

the effects of weight loss in CKD.                

6.2.3 Dietary intake  

Assessment of dietary intake in patients with CKD is a difficult task, especially in 

advanced kidney disease where dietary restrictions are in place, and dietary intake may 

also be affected by dialysis treatment. There is a lack of studies that include a thorough 

dietary assessment in patients with CKD, including our studies, where dietary intake 

assessment was based on one 24-hour dietary recall. This precludes strong conclusions 

on dietary intake and is the reason why we only include an analysis of dietary intake in 

Paper I. In this paper, we also limited the analysis to energy and protein intakes, and 

we observed similar intakes of protein in all three CKD modalities (mean intake of 

0.95-1.00 g/kg body weight/day in the three groups), despite the recommended intake 

being different between the groups (58). For the pre-dialysis CKD patients, the protein 

intake was too high compared to the recommended intake, while for the HD patients, 

the intake was too low. Other studies have observed similar protein intakes in HD 
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patients (219). The protein intake of the kidney transplanted patients was in line with 

the dietary recommendations for the general population, which is recommended for 

this group of CKD patients (171). The reported energy intakes were low in all groups 

compared to the recommended intake.   

The patients included were also asked whether they had received dietary advice from 

a dietitian, and a proportion of the CKD population had never received dietary advice 

from a dietitian. The patients that had received advice from a dietitian had most often 

attended “The kidney school”, a 12-hour course offered to patients with CKD, where 

the dietitian had a one hour lecture about nutrition in CKD. A proportion of the patients 

had received dietary advice from other health care professionals. In other hospitals, 

positive effects of individual nutrition support have been observed (220). Moreover, in 

this study of the general hospitalised population at nutritional risk, the patients with 

CKD had a pronounced beneficial effect of nutritional support. However, these 

findings have to be further investigated in studies focusing on patients with CKD.    

Due to the lack of dietary intake studies in CKD, nutritional guidelines on CKD 

consequently do often not include high graded evidence for specific dietary advice. 

This is specifically evident for kidney transplant recipients (221) as seen in the most 

recently published nutritional guideline from KDOQI, where 27 of 34 guidelines 

concerning kidney transplantation were graded as OPINION, while the remaining 

seven were graded from 1A-2D (58).  

6.2.4 Medication prescription  

In Paper II, we observed a high prevalence of polypharmacy (84 %) and excessive 

polypharmacy (37 %) in the study population, and medicine prescription was 

associated with severity of disease and treatment modality. Our results are similar to 

other studies on prescribed medications in patients with CKD (96). We also found 

associations with number of medications and markers of nutritional status, which to 

our knowledge have not been investigated before in a CKD. In a Spanish study, the 

interactions between medications were investigated in patients with CKD, and a large 

proportion of the patients (91 %) were identified with prescribed medications with 
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potential interactions (210). The severity of the interactions was graded, and in the 

majority of the patients (77 %) the potential interaction between medications was 

estimated as moderately severe. Other studies have reported that a high number of 

prescribed medications is associated with lower HRQOL, which also adds to the burden 

of chronic kidney disease and dialysis treatment (95). 

In our study, the nutrition-related side effects of nausea and xerostomia were associated 

with nutritional markers, which indicates that the burden of side effects of prescribed 

medications may be high. Nausea has been related to other adverse outcomes of 

nutritional status, as well as reduced quality of life in other patient groups (222–224).  

We did not confirm the presence of the side effects in the patients; however, there have 

been observed high prevalences of xerostomia and nausea in a population of ESKD 

patients. In this study, nausea and xerostomia were related to taste changes, and taste 

changes were associated with malnutrition (225). However, several other side effects 

related to nutrition are of interest to be investigated with longitudinal studies in the 

future. This includes the side effects of weight gain and hyperglycaemia, which would 

be of particular interest in kidney transplanted patients.  

It is important to highlight that we are not opting for leaving out necessary medication 

prescriptions. We are in fact opting for a regular critical review of prescriptions and 

careful assessment of nutritional status in patients with CKD and long medication lists, 

and suggesting that nutritional care should be given accordingly.  

6.2.5 Mortality  

In Paper III, we investigated the association between indicators of nutritional status 

and mortality risk after two years of follow-up. Sarcopenia was associated with an 

increased risk of mortality, while central obesity was not associated with mortality. 

Regarding the continuous markers of nutritional status, an inverse association with 

mortality was observed for HGS, ALM, phase angle, and MUAC. There was no 

obvious mortality risk associated with BMI, ALMI, MUAMC, and waist 

circumference. When investigating non-linear relationships, we found a U-shaped 
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association between mortality risk and MUAMC and waist circumference, while BMI 

was associated with increased risk at BMI < 22 kg/m2.      

Our findings regarding BMI and mortality are in line with other studies (163). In a 

systematic review and meta-analysis on obesity and mortality risk, differences in 

mortality risk were observed according to treatment modality; in pre-dialysis CKD, the 

mortality risk was increased by 1 % per additional BMI unit, while for patients treated 

with HD, each additional BMI unit decreased the mortality risk by 3 %. For the kidney 

transplanted patients, no estimated association was found. As we did not investigate 

the association between BMI and mortality stratified by CKD modalities in our study, 

due to the limited sample size, we were not able to investigate such differences. Our 

general findings of the association between BMI and mortality risk highlight the 

importance of low BMI in the population with chronic disease, which is also proposed 

in the PEW diagnosis (156). Indeed, in the general population, a J-shaped association 

between BMI and mortality has been estimated, with the lowest all-cause mortality risk 

at BMI 22-25 kg/m2 (226,227). However, in the presence of disease, the energy storage 

of fat may be of importance for survival (228).    

Although in the general population waist circumference is strongly associated to 

mortality risk, we did not observe such an observation in our population (176,229). 

However, in the non-linear investigation, a U-shaped relationship was observed, but 

the uncertainty was high. Other studies investigating the mortality risk associated with 

waist circumference in CKD have shown contradictory results (163). Similar to the 

results of BMI, we did not conduct stratified analyses for waist circumference and 

mortality risk according to CKD modality, which would be of interest in a larger-scale 

study.   

In CKD, sarcopenia may be of age-related origin (primary sarcopenia) but exacerbated 

by the nature of CKD (secondary sarcopenia) (55). In the general population, 

sarcopenia is associated with increased mortality risk, and studies of the CKD 

population show similar indications (143,211). The determinants of CKD proposed to 

be involved in sarcopenia, such as the accumulation of uraemic toxins, systemic 
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inflammation, oxidative stress, and insulin resistance are associated with increased 

mortality risk, and it remains to investigate whether the association between mortality 

and sarcopenia in CKD is purely associative or wether it also exists as a causal 

relationship.   
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7. Conclusion 

Overall, the findings from this thesis indicate that a thorough assessment by a variety 

of measurements is necessary to capture nutritional status in patients with CKD. 

Patients with long medication lists, especially medications with nausea as a common 

or very common side effect, may be more likely at risk of reduced nutritional status.  

On the other hand, indicators of impaired nutritional status such as sarcopenia, and its 

components of low HGS and muscle mass, may be associated with increased mortality 

risk in patients with CKD. Even if obesity is more prevalent than undernutrition, our 

results suggest that undernutrition and sarcopenia is associated with mortality, rather 

than measures of obesity.  

Our results call, on the scientific side, for more research on the underlying causes and 

consequences of sarcopenia in CKD, and the molecular mechanisms involved in the 

impairment of skeletal muscle mass and strength. On the clinical side, our results urge 

the inclusion of a comprehensive nutritional assessment in regular patient care to 

capture the patients at risk of a suboptimal nutritional status.   
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8. Further perspectives  

We have investigated the prevalence and consequences of impaired nutritional status 

in patients with CKD. Our results emphasise the high prevalence of nutritional 

disturbances and their detrimental consequences in these patients. The next step would 

be to investigate both underlying causes and mechanisms of disturbances of nutritional 

status, such as sarcopenia, as well as treatment options and the effects of treatment on 

clinical outcomes.  

There is a lack of data on early stages of CKD, which is evident both in the current 

thesis and in the literature review of the recently published KDOQI guideline (58). This 

underlines the need for more research in the earlier stages. If CKD patients could be 

identified at an early stage, the potential to prevent further progression could be even 

better. An early implementation of nutritional care would be interesting to investigate 

further, both the compliance and the potential of slowing the progression of the kidney 

disease.   

Future studies should investigate the effect of the prevention and treatment of 

nutritional related conditions in CKD, such as sarcopenia. The effect of physical 

activity in patients with CKD has been investigated with convincing results, and the 

intervention was also found extremely cost-effective (8,45,230,231). Future studies 

should combine the interventions of physical activity and nutritional care, as suggested 

by Hendriks et al., with the following cost-analysis (232).     

In the current thesis, we have observed several challenges in nutritional status, both 

related to the CKD, the prescribed medications and mortality risk. The presence of 

sarcopenia, low muscle strength and mass, measures of MUAC and skinfold triceps, as 

well as central obesity were only captured by extensive assessment of nutritional status. 

In today’s clinical practice, the assessment of nutritional status is focused on BMI, a 

measure that is not able to capture body composition or body shape. We have also 

observed that diagnoses of malnutrition can also occur in patients with a high BMI 

which has also been demonstrated in other studies (160,233).  
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Implementation of a wider range of measurements would enable the identification of 

patients with diagnoses of sarcopenia, central obesity, and patients at risk of such 

conditions. Even though the identification of such nutritional impairments is important, 

the true value is if we can go further to find a way to treat such challenges. The wide 

variety of impairments of nutritional status demands different treatment strategies and 

thus individualised nutritional care is important to study.  Intervention studies with the 

aim to improve nutritional status in patients with CKD would be the way forward.   



 79 

9. References 

1.  Webster AC, Nagler E V., Morton RL, Masson P. Chronic Kidney Disease. 

Lancet. 2017;389(10075):1238–52.  

2.  KDIGO. KDIGO 2012 Clinical Practice Guideline for the Evaluation and 

Management of Chronic Kidney Disease. Kidney Int Suppl. 2013;3(1):1–150.  

3.  Wasung ME, Chawla LS, Madero M. Biomarkers of renal function, which and 

when? Clin Chim Acta. 2015;438(1):350–7.  

4.  Kim H, Park JT, Lee J, Jung JY, Lee KB, Kim YH, et al. The difference between 

cystatin C- and creatinine-based eGFR is associated with adverse cardiovascular 

outcome in patients with chronic kidney disease. Atherosclerosis. 

2021;335(August):53–61.  

5.  Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro  3rd AF, Feldman HI, et 

al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 

2009/05/06. 2009;150(9):604–12.  

6.  Soares AA, Eyff TF, Campani RB, Ritter L, Camargo JL, Silveiro SP. 

Glomerular filtration rate measurement and prediction equations. Clin Chem Lab 

Med. 2009;47(9):1023–32.  

7.  Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. 

Estimating Glomerular Filtration Rate from Serum Creatinine and Cystatin C. N 

Engl J Med. 2012;367(1):20–9.  

8.  Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, et al. Global, 

regional, and national burden of chronic kidney disease, 1990–2017: a systematic 

analysis for the Global Burden of Disease Study 2017. Lancet. 

2020;395(10225):709–33.  

9.  Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et 

al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific 



 80 

mortality for 250 causes of death: reference and alternative scenarios for 2016–

40 for 195 countries and territories. Lancet. 2018;392(10159):2052–90.  

10.  Hallan SI, Øvrehus MA, Romundstad S, Rifkin D, Langhammer A, Stevens PE, 

et al. Long-term trends in the prevalence of chronic kidney disease and the 

influence of cardiovascular risk factors in Norway. Kidney Int. 2016/06/28. 

2016;90(3):665–73.  

11.  Chen TK, Knicely DH, Grams ME. Chronic Kidney Disease Diagnosis and 

Management: A Review. JAMA. 2019;322(13):1294–304.  

12.  Eriksen BO, Palsson R, Ebert N, Melsom T, van der Giet M, Gudnason V, et al. 

GFR in healthy aging: An individual participant data meta-analysis of iohexol 

clearance in european population-based cohorts. J Am Soc Nephrol. 

2020;31(7):1602–15.  

13.  Stevens LA, Li S, Wang C, Huang C, Becker BN, Bomback AS, et al. Prevalence 

of CKD and Comorbid Illness in Elderly Patients in the United States: Results 

From the Kidney Early Evaluation Program (KEEP). Am J Kidney Dis. 

2010;55(3 SUPPL. 2):S23–33.  

14.  Zhou B, Bentham J, Di Cesare M, Bixby H, Danaei G, Cowan MJ, et al. 

Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis of 

1479 population-based measurement studies with 19·1 million participants. 

Lancet. 2017;389(10064):37–55.  

15.  NCD Risk Factor Collaboration. Worldwide trends in diabetes since 1980: a 

pooled analysis of 751 population-based studies with 4.4 million participants. 

Lancet. 2016;387(10027):1513–30.  

16.  Di Cesare M, Bentham J, Stevens GA, Zhou B, Danaei G, Lu Y, et al. Trends in 

adult body-mass index in 200 countries from 1975 to 2014: A pooled analysis of 

1698 population-based measurement studies with 19.2 million participants. 

Lancet. 2016;387(10026):1377–96.  



 81 

17.  Boenink R, Astley ME, Huijben JA, Stel VS, Kerschbaum J, Ots-Rosenberg M, 

et al. The ERA Registry Annual Report 2019: summary and age comparisons. 

Clin Kidney J. 2022;15(3):452–72.  

18.  Reisæter A V., Åsberg A. Annual report 2020 The Norwegian Renal Registry 

(Norsk Nefrologiregister). 2021;57. Available from: https://nephro.no/nnr.html 

19.  Zhou B, Carrillo-Larco RM, Danaei G, Riley LM, Paciorek CJ, Stevens GA, et 

al. Worldwide trends in hypertension prevalence and progress in treatment and 

control from 1990 to 2019: a pooled analysis of 1201 population-representative 

studies with 104 million participants. Lancet. 2021;398(10304):957–80.  

20.  Chen A, Zou M, Young CA, Zhu W, Chiu H-C, Jin G, et al. Disease Burden of 

Chronic Kidney Disease Due to Hypertension From 1990 to 2019: A Global 

Analysis. Front Med. 2021;8(June):1–8.  

21.  Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. 

IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence 

estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 

2022;183:109119.  

22.  Papadopoulou-Marketou N, Chrousos GP, Kanaka-Gantenbein C. Diabetic 

nephropathy in type 1 diabetes: a review of early natural history, pathogenesis, 

and diagnosis. Diabetes Metab Res Rev. 2017;33(2):1–9.  

23.  Levey AS, Eckardt K-U, Dorman NM, Christiansen SL, Cheung M, Jadoul M, 

et al. Nomenclature for Kidney Function and Disease: Executive Summary and 

Glossary from a Kidney Disease: Improving Global Outcomes (KDIGO) 

Consensus Conference. Kidney Dis. 2020;6(5):309–17.  

24.  US Department of Health and Human Services. National Diabetes Statistics 

Report, 2020 [Internet]. US Department of Health and Human Services. 2020. 

Available from: https://www.cdc.gov/diabetes/pdfs/data/statistics/national-

diabetes-statistics-report.pdf 



 82 

25.  Kidney Disease Improving Global Outcomes (KDIGO). KDIGO 2020 Clinical 

Practice Guideline for Diabetes Management in Chronic Kidney Disease. Kidney 

Int. 2020;98(4):S1–115.  

26.  International Diabetes Federation. IDF Diabetes Atlas [Internet]. 10th ed. 

Brussels; 2021. Available from: https://diabetesatlas.org/idfawp/resource-

files/2021/07/IDF_Atlas_10th_Edition_2021.pdf 

27.  Toth-Manikowski S, Atta MG. Diabetic kidney disease: Pathophysiology and 

therapeutic targets. J Diabetes Res. 2015;2015.  

28.  World Health Organisation (WHO). Obesity and overweight [Internet]. 2021 

[cited 2022 May 9]. Available from: https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight 

29.  Whaley-Connell A, Sowers JR. Obesity and kidney disease: from population to 

basic science and the search for new therapeutic targets. Kidney Int. 

2017;92(2):313–23.  

30.  Kovesdy CP, Furth SL, Zoccali C, Tao Li PK, Garcia-Garcia G, Benghanem-

Gharbi M, et al. Obesity and kidney disease: hidden consequences of the 

epidemic. Kidney Int. 2017;91(2):260–2.  

31.  Madero M, Katz R, Murphy R, Newman A, Patel K, Ix J, et al. Comparison 

between different measures of body fat with kidney function decline and incident 

CKD. Clin J Am Soc Nephrol. 2017;12(6):893–903.  

32.  Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perkovic V. Chronic kidney 

disease. Lancet. 2021;398(10302):786–802.  

33.  Keith DS, Nichols GA, Gullion CM, Brown JB, Smith DH. Longitudinal Follow-

up and Outcomes among a Population with Chronic Kidney Disease in a Large 

Managed Care Organization. Arch Intern Med. 2004;164(6):659–63.  

34.  Khan YH, Sarriff A, Adnan AS, Khan AH, Mallhi TH, Jummaat F. Progression 



 83 

and outcomes of non-dialysis dependent chronic kidney disease patients: A 

single center longitudinal follow-up study. Nephrology. 2017;22(1):25–34.  

35.  Murtagh FEM, Burns A, Moranne O, Morton RL, Naicker S. Supportive care: 

Comprehensive conservative care in end-stage kidney disease. Clin J Am Soc 

Nephrol. 2016;11(10):1909–14.  

36.  Van Der Tol A, Stel VS, Jager KJ, Lameire N, Morton RL, Van Biesen W, et al. 

A call for harmonization of European kidney care: Dialysis reimbursement and 

distribution of kidney replacement therapies. Nephrol Dial Transplant. 

2020;35(6):979–86.  

37.  Eduok U, Abdelrasoul A, Shoker A, Doan H. Recent developments, current 

challenges and future perspectives on cellulosic hemodialysis membranes for 

highly efficient clearance of uremic toxins. Mater Today Commun. 

2021;27(November 2020):102183.  

38.  Bailey J, Pastan S. Dialysis therapy. N Engl J Med. 1998;1428–37.  

39.  Bargman JM. Advances in Peritoneal Dialysis: A Review. Semin Dial. 

2012;25(5):545–9.  

40.  Bonomini M, Zammit V, Divino-Filho JC, Davies SJ, Di Liberato L, Arduini A, 

et al. The osmo-metabolic approach: a novel and tantalizing glucose-sparing 

strategy in peritoneal dialysis. J Nephrol. 2021;34(2):503–19.  

41.  Chadban SJ, Ahn C, Axelrod DA, Foster BJ, Kasiske BL, Kher V, et al. KDIGO 

Clinical Practice Guideline on the Evaluation and Management of Candidates for 

Kidney Transplantation. Transplantation. 2020;104(4S1 Suppl 1):S11–103.  

42.  Wyld M, Morton RL, Hayen A, Howard K, Webster AC. A Systematic Review 

and Meta-Analysis of Utility-Based Quality of Life in Chronic Kidney Disease 

Treatments. PLoS Med. 2012;9(9).  

43.  Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LYC, et al. 



 84 

Comparison of Mortality in All Patients on Dialysis, Patients on Dialysis 

Awaiting Transplantation, and Recipients of a First Cadaveric Transplant. N 

Engl J Med. 1999;341(23):1725–30.  

44.  Halloran PF, Fairchild RL, Sandy Feng U, Bruce Kaplan U, Mark Barr UL, John 

UO, et al. KDIGO clinical practice guideline for the care of kidney transplant 

recipients. Am J Transplant. 2009/10/23. 2009;9(3):S1-155.  

45.  Savira F, Ademi Z, Wang BH, Kompa AR, Owen AJ, Liew D, et al. The 

Preventable Productivity Burden of Kidney Disease in Australia. J Am Soc 

Nephrol. 2021 Mar;32(4):938–49.  

46.  Elgaard Jensen C, Sørensen P, Dam Petersen K. In Denmark kidney 

transplantation is more cost-effective than dialysis. Dan Med J. 2014;61(3):1–5.  

47.  Jarl J, Desatnik P, Hansson UP, Prütz KG, Gerdtham UG. Do kidney 

transplantations save money? A study using a before-after design and multiple 

register-based data from Sweden. Clin Kidney J. 2018;11(2):283–8.  

48.  Hartmann A, Jenssen T, Julsrud J, Strøm EH. Nyremedisin - en praktisk veileder. 

3rd ed. Oslo: Gyldendal Norsk Forlag; 2014.  

49.  Abramowicz D, Cochat P, Claas FHJ, Heemann U, Pascual J, Dudley C, et al. 

European Renal Best Practice Guideline on kidney donor and recipient 

evaluation and perioperative care. Nephrol Dial Transplant. 2015;30(11):1790–

7.  

50.  Reisæter A V., Hagness M, Midtvedt K, Skauby M. Protokoll 

nyretransplantasjon [Internet]. 2021 [cited 2022 Jun 1]. Available from: 

https://nephro.no/veileder/protokoll2021/2021Nyretxprotokoll.pdf 

51.  Gupta G, Unruh ML, Nolin TD, Hasley PB. Primary care of the renal transplant 

patient. J Gen Intern Med. 2010/04/28. 2010;25(7):731–40.  

52.  About Scandiatransplant [Internet]. [cited 2022 Jun 1]. Available from: 



 85 

http://www.scandiatransplant.org/about-scandiatransplant/organisation/about-

scandiatransplant 

53.  Ng MSY, Charu V, Johnson DW, O’Shaughnessy MM, Mallett AJ. National and 

international kidney failure registries: characteristics, commonalities, and 

contrasts. Kidney Int. 2022;101(1):23–35.  

54.  MacRae C, Mercer SW, Guthrie B, Henderson D. Comorbidity in chronic kidney 

disease: A large cross-sectional study of prevalence in Scottish primary care. Br 

J Gen Pract. 2021;71(704):E243–9.  

55.  Sabatino A, Cuppari L, Stenvinkel P, Lindholm B, Avesani CM. Sarcopenia in 

chronic kidney disease: what have we learned so far? J Nephrol. 

2021;34(4):1347–72.  

56.  Popkov VA, Zharikova AA, Demchenko EA, Andrianova N V., Zorov DB, 

Plotnikov EY. Gut microbiota as a source of uremic toxins. Int J Mol Sci. 

2022;23(1):1–22.  

57.  Nigam SK, Bush KT. Uraemic syndrome of chronic kidney disease: altered 

remote sensing and signalling. Nat Rev Nephrol. 2019;15(5):301–16.  

58.  Ikizler TA, Burrowes JD, Byham-gray LD, Campbell KL, Carrero J, Chan W, et 

al. KDOQI clinical practice guideline for nutrtiion in CKD: 2020 update. Am J 

Kidney Dis. 2020;76(3):S1–107.  

59.  Raphael KL. Metabolic Acidosis and Subclinical Metabolic Acidosis in CKD. J 

Am Soc Nephrol. 2018 Feb;29(2):376–82.  

60.  Moranne O, Froissart M, Rossert J, Gauci C, Boffa JJ, Haymann JP, et al. Timing 

of onset of CKD-related metabolic complications. J Am Soc Nephrol. 

2009;20(1):164–71.  

61.  Wesson DE, Buysse JM, Bushinsky DA. Mechanisms of metabolic acidosis–

induced kidney injury in chronic kidney disease. J Am Soc Nephrol. 2020 Mar 



 86 

1;31(3):469–82.  

62.  Patschan D, Patschan S, Ritter O. Chronic Metabolic Acidosis in Chronic Kidney 

Disease. Kidney Blood Press Res. 2020;45(6):812–22.  

63.  Batchelor EK, Kapitsinou P, Pergola PE, Kovesdy CP, Jalal DI. Iron deficiency 

in chronic kidney disease: Updates on pathophysiology, diagnosis, and 

treatment. J Am Soc Nephrol. 2020;31(3):456–68.  

64.  Gafter-Gvili A, Schechter A, Rozen-Zvi B. Iron Deficiency Anemia in Chronic 

Kidney Disease. Acta Haematol. 2019;142(1):44–50.  

65.  Locatelli F, Pisoni RL, Combe C, Bommer J, Andreucci VE, Piera L, et al. 

Anaemia in haemodialysis patients of five European countries: Association with 

morbidity and mortality in the Dialysis Outcomes and Practice Patterns Study 

(DOPPS). Nephrol Dial Transplant. 2004;19(1):121–32.  

66.  Lefebvre P, Vekeman F, Sarokhan B, Enny C, Provenzano R, Cremieux PY. 

Relationship between hemoglobin level and quality of life in anemic patients 

with chronic kidney disease receiving epoetin alfa. Curr Med Res Opin. 

2006;22(10):1929–37.  

67.  Dittrich KL, Walls RM. Hyperkalemia: ECG manifestations and clinical 

considerations. J Emerg Med. 1986 Jan 1;4(6):449–55.  

68.  Kovesdy CP, Matsushita K, Sang Y, Brunskill NJ, Carrero JJ, Chodick G, et al. 

Serum potassium and adverse outcomes across the range of kidney function: A 

CKD Prognosis Consortium meta-analysis. Eur Heart J. 2018;39(17):1535–42.  

69.  Beto J, Bansal VK. Hyperkalemia: Evaluating Dietary and Nondietary Etiology. 

J Ren Nutr. 1992;2(1):28–9.  

70.  Stover J. Non-dietary causes of hyperkalemia. Nephrol Nurs J. 2006;33(2):221–

2.  

71.  Coen G, Ballanti P, Bonucci E, Calabria S, Costantini S, Ferrannini M, et al. 



 87 

Renal osteodystrophy in predialysis and hemodialysis patients: comparison of 

histologic patterns and diagnostic predictivity of intact PTH. Nephron. 2002 

May;91(1):103–11.  

72.  Goto NA, Weststrate ACG, Oosterlaan FM, Verhaar MC, Willems HC, 

Emmelot-Vonk MH, et al. The association between chronic kidney disease, falls, 

and fractures: a systematic review and meta-analysis. Osteoporos Int. 

2020;31(1):13–29.  

73.  Kalaitzidis RG, Elisaf MS. Treatment of Hypertension in Chronic Kidney 

Disease. Curr Hypertens Rep. 2018;20(8).  

74.  Ku E, Lee BJ, Wei J, Weir MR. Hypertension in CKD: Core Curriculum 2019. 

Am J Kidney Dis. 2019;74(1):120–31.  

75.  Raine AE, Bedford L, Simpson AW, Ashley CC, Brown R, Woodhead JS, et al. 

Hyperparathyroidism, platelet intracellular free calcium and hypertension in 

chronic renal failure. Kidney Int. 1993 Mar;43(3):700–5.  

76.  Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJL, 

Mann JF, et al. Chronic kidney disease and cardiovascular risk: Epidemiology, 

mechanisms, and prevention. Lancet. 2013;382(9889):339–52.  

77.  Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong 

PE, et al. Association of estimated glomerular filtration rate and albuminuria 

with all-cause and cardiovascular mortality in general population cohorts: a 

collaborative meta-analysis. Lancet. 2010;375(9731):2073–81.  

78.  Pedrollo EF, Corrêa C, Nicoletto BB, Manfro RC, Leitão CB, Souza GC, et al. 

Effects of metabolic syndrome on kidney transplantation outcomes: a systematic 

review and meta-analysis. Transpl Int. 2016;29(10):1059–66.  

79.  Petreski T, Piko N, Ekart R, Hojs R, Bevc S. Review on inflammation markers 

in chronic kidney disease. Biomedicines. 2021;9(2):1–16.  



 88 

80.  Iseri K, Dai L, Chen Z, Qureshi AR, Brismar TB, Stenvinkel P, et al. Bone 

mineral density and mortality in end-stage renal disease patients. Clin Kidney J. 

2020;13(3):307–21.  

81.  Meyer TW, Hostetter TH. Approaches to uremia. J Am Soc Nephrol. 

2014;25(10):2151–8.  

82.  Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh K, Kaysen G, 

et al. Etiology of the protein-energy wasting syndrome in chronic kidney disease: 

a consensus statement from the International Society of Renal Nutrition and 

Metabolism (ISRNM). J Ren Nutr. 2013/02/23. 2013;23(2):77–90.  

83.  Clase CM, Ki V, Holden RM. Water-Soluble Vitamins in people with low 

glomerular filtration rate or on dialysis: A Review. Semin Dial. 2013;26(5):546–

67.  

84.  Hendriks FK, Smeets JSJ, Broers NJH, van Kranenburg JMX, van der Sande 

FM, Kooman JP, et al. End-stage renal disease patients lose a substantial amount 

of amino acids during hemodialysis. J Nutr. 2020;150(5):1160–6.  

85.  Bragg-Gresham JL, Fissell RB, Mason NA, Bailie GR, Gillespie BW, Wizemann 

V, et al. Diuretic Use, Residual Renal Function, and Mortality Among 

Hemodialysis Patients in the Dialysis Outcomes and Practice Pattern Study 

(DOPPS). Am J Kidney Dis. 2007;49(3):426–31.  

86.  Suda T, Hiroshige K, Ohta T, Watanabe Y, Iwamoto M, Kanegae K, et al. The 

contribution of residual renal function to overall nutritional status in chronic 

haemodialysis patients. Nephrol Dial Transplant. 2000;15(3):396–401.  

87.  Shemin D, Bostom AG, Laliberty P, Dworkin LD. Residual renal function and 

mortality risk in hemodialysis patients. Am J Kidney Dis. 2001;38(1):85–90.  

88.  Termorshuizen F, Dekker FW, Van Manen JG, Korevaar JC, Boeschoten EW, 

Krediet RT. Relative Contribution of Residual Renal Function and Different 

Measures of Adequacy to Survival in Hemodialysis Patients: An analysis of the 



 89 

Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD)-2. J 

Am Soc Nephrol. 2004;15(4):1061–70.  

89.  Lee MJ, Park JT, Park KS, Kwon YE, Oh HJ, Yoo TH, et al. Prognostic value of 

residual urine volume, GFR by 24-hour urine collection, and egfr in patients 

receiving dialysis. Clin J Am Soc Nephrol. 2017;12(3):426–34.  

90.  Rubin R. Rubin’s Pathology: Clinicopathologic Foundations of Medicine 

[Internet]. Wolters Kluwer Health; 2011. Available from: 

https://books.google.no/books?id=4q-PSQAACAAJ 

91.  Kasiske BL, Anjum S, Shah R, Skogen J, Kandaswamy C, Danielson B, et al. 

Hypertension after kidney transplantation. Am J Kidney Dis. 2004;43(6):1071–

81.  

92.  Netto MC, Alves-Filho G, Mazzali M. Nutritional status and body composition 

in patients early after renal transplantation. Transpl Proc. 2012;44(8):2366–8.  

93.  Al-Adra D, Al-Qaoud T, Fowler K, Wong G. De Novo Malignancies after 

Kidney Transplantation. Clin J Am Soc Nephrol. 2022;17(3):434–43.  

94.  Bentata Y. Tacrolimus: 20 years of use in adult kidney transplantation. What we 

should know  about its nephrotoxicity. Artif Organs. 2020 Feb;44(2):140–52.  

95.  Chiu YW, Teitelbaum I, Misra M, De Leon EM, Adzize T, Mehrotra R. Pill 

burden, adherence, hyperphosphatemia, and quality of life in maintenance 

dialysis patients. Clin J Am Soc Nephrol. 2009;4(6):1089–96.  

96.  Schmidt IM, Hübner S, Nadal J, Titze S, Schmid M, Bärthlein B, et al. Patterns 

of medication use and the burden of polypharmacy in patients with chronic 

kidney disease: The German Chronic Kidney Disease study. Clin Kidney J. 

2019;12(5):663–72.  

97.  Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A 

systematic review of definitions. BMC Geriatr. 2017 Dec 10;17(1):230.  



 90 

98.  Gómez C, Vega-Quiroga S, Bermejo-Pareja F, Medrano MJ, Louis ED, Benito-

León J. Polypharmacy in the Elderly: A Marker of Increased Risk of Mortality 

in a Population-Based Prospective Study (NEDICES). Gerontology. 

2015;61(4):301–9.  

99.  Jyrkkä J, Enlund H, Korhonen MJ, Sulkava R, Hartikainen S. Polypharmacy 

status as an indicator of mortality in an elderly population. Drugs and Aging. 

2009;26(12):1039–48.  

100.  Gnjidic D, Hilmer SN, Blyth FM, Naganathan V, Waite L, Seibel MJ, et al. 

Polypharmacy cutoff and outcomes: Five or more medicines were used to 

identify community-dwelling older men at risk of different adverse outcomes. J 

Clin Epidemiol. 2012;65(9):989–95.  

101.  Fletcher BR, Damery S, Aiyegbusi OL, Anderson N, Calvert M, Cockwell P, et 

al. Symptom burden and health-related quality of life in chronic kidney disease: 

A global systematic review and meta-analysis. PLOS Med. 

2022;19(4):e1003954.  

102.  Vanholder R, Annemans L, Bello AK, Bikbov B, Gallego D, Gansevoort RT, et 

al. Fighting the unbearable lightness of neglecting kidney health: the decade of 

the kidney. Clin Kidney J. 2021;14(7):1719–30.  

103.  Østhus TBH, Von Der Lippe N, Ribu L, Rustøen T, Leivestad T, Dammen T, et 

al. Health-related quality of life and all-cause mortality in patients with diabetes 

on dialysis. BMC Nephrol. 2012;13(1).  

104.  Østhus TBH, Preljevic V, Sandvik L, Dammen T, Os I. Renal transplant 

acceptance status, health-related quality of life and depression  in dialysis 

patients. J Ren Care. 2012 Jun;38(2):98–106.  

105.  Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D, et al. Systematic 

review: Kidney transplantation compared with dialysis in clinically relevant 

outcomes. Am J Transplant. 2011;11(10):2093–109.  



 91 

106.  Cockwell P, Fisher LA. The global burden of chronic kidney disease. Lancet. 

2020;395(10225):662–4.  

107.  Ju A, Chow BY, Ralph AF, Howell M, Josephson MA, Ahn C, et al. Patient-

reported outcome measures for life participation in kidney transplantation: A 

systematic review. Am J Transplant. 2019 Aug;19(8):2306–17.  

108.  Danuser B, Simcox A, Studer R, Koller M, Wild P, Lut B, et al. Employment 12 

months after kidney transplantation: An in-depth bio-psycho-social analysis of 

the Swiss Transplant Cohort. PLoS One. 2017;12(4):1–17.  

109.  Turin TC, Tonelli M, Manns BJ, Ravani P, Ahmed SB, Hemmelgarn BR. 

Chronic kidney disease and life expectancy. Nephrol Dial Transplant. 

2012;27(8):3182–6.  

110.  Hemmelgarn BR, Clement F, Manns BJ, Klarenbach S, James MT, Ravani P, et 

al. Overview of the Alberta kidney disease network. BMC Nephrol. 

2009;10(1):1–7.  

111.  Wen CP, Cheng TYD, Tsai MK, Chang YC, Chan HT, Tsai SP, et al. All-cause 

mortality attributable to chronic kidney disease: a prospective cohort study based 

on 462 293 adults in Taiwan. Lancet. 2008;371(9631):2173–82.  

112.  Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al. 

ESPEN guidelines on definitions and terminology of clinical nutrition. Clin Nutr. 

2016/09/20. 2017;36(1):49–64.  

113.  Kovesdy CP, Kalantar-Zadeh K. Accuracy and Limitations of the Diagnosis of 

Malnutrition in Dialysis Patients. Semin Dial. 2012;25(4):423–7.  

114.  Guligowska A, Corsonello A, Pigłowska M, Roller-Wirnsberger R, Wirnsberger 

G, Ärnlöv J, et al. Association between kidney function, nutritional status and 

anthropometric measures in older people. BMC Geriatr. 2020 Oct 2;20(S1):366.  

115.  Jelliffe DB. The assessment of the nutritional status of the community (with 



 92 

special reference to field surveys in developing regions of the world). Monogr 

Ser World Heal Organ. 1966/01/01. 1966;53:3–271.  

116.  Gibson RS. Principles of Nutritional Assessment. 2nd ed. Oxford University 

Press Inc. ; 2005. 826 p.  

117.  Erdman JW, MacDonald IA, Zeisel SH. Present Knowledge in Nutrition: Tenth 

Edition. Present Knowledge in Nutrition: Tenth Edition. 2012.  

118.  Buchholz AC, Bartok C, Schoeller DA. The validity of bioelectrical impedance 

models in clinical populations. Nutr Clin Pr. 2005/10/11. 2004;19(5):433–46.  

119.  Macdonald JH, Marcora SM, Jibani M, Roberts G, Kumwenda MJ, Glover R, et 

al. Bioelectrical impedance can be used to predict muscle mass and hence 

improve estimation of glomerular filtration rate in non-diabetic patients with 

chronic kidney disease. Nephrol Dial Transpl. 2006;21(12):3481–7.  

120.  Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gomez JM, et al. 

Bioelectrical impedance analysis--part I: review of principles and methods. Clin 

Nutr. 2004/09/24. 2004;23(5):1226–43.  

121.  Lukaski HC, Kyle UG, Kondrup J. Assessment of adult malnutrition and 

prognosis with bioelectrical impedance analysis: Phase angle and impedance 

ratio. Curr Opin Clin Nutr Metab Care. 2017;20(5):330–9.  

122.  Kyle UG, Soundar EP, Genton L, Pichard C. Can phase angle determined by 

bioelectrical impedance analysis assess nutritional risk? A comparison between 

healthy and hospitalized subjects. Clin Nutr. 2012;31(6):875–81.  

123.  dos Reis AS, Santos HO, Limirio LS, de Oliveira EP. Phase Angle Is Associated 

With Handgrip Strength but Not With Sarcopenia in Kidney Transplantation 

Patients. J Ren Nutr. 2019;29(3):196–204.  

124.  Plauth M, Sulz I, Viertel M, Hiesmayr M, Bauer P. Phase angle (pa) is a stronger 

predictor of hospital outcome than subjective global assessment (sga) - results 



 93 

from the prospective dessau malnutrition study. Clin Nutr ESPEN. 

2021;46:S575.  

125.  Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. 

Sarcopenia: European consensus on definition and diagnosis: Report of the 

European Working Group on Sarcopenia in Older People. Age Ageing. 

2010/04/16. 2010;39(4):412–23.  

126.  McGrath R, Johnson N, Klawitter L, Mahoney S, Trautman K, Carlson C, et al. 

What are the association patterns between handgrip strength and adverse health 

conditions? A topical review. SAGE Open Med. 2020;8:2050312120910358.  

127.  Brussaard JH, Löwik MRH, Steingrímsdóttir L, Møller A, Kearney J, De 

Henauw S, et al. A European food consumption survey method--conclusions and 

recommendations. Eur J Clin Nutr. 2002 May;56 Suppl 2:S89-94.  

128.  Shakersain B, Santoni G, Faxén-Irving G, Rizzuto D, Fratiglioni L, Xu W. 

Nutritional status and survival among old adults: An 11-year population-based 

longitudinal study. Eur J Clin Nutr. 2016;70(3):320–5.  

129.  Cederholm T, Jensen GL, Correia MITD, Gonzalez MC, Fukushima R, 

Higashiguchi T, et al. GLIM criteria for the diagnosis of malnutrition – A 

consensus report from the global clinical nutrition community. J Cachexia 

Sarcopenia Muscle. 2019;10(1):207–17.  

130.  Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. ESPEN guidelines for 

nutrition screening 2002. Clin Nutr. 2003;22(4):415–21.  

131.  Kondrup J, Rasmussen HH, Hamberg O, Stanga Z. Nutritional risk screening 

(NRS 2002): a new method based on an analysis of controlled clinical trials. Clin 

Nutr. 2003;22(3):321–36.  

132.  Tangvik RJ, Tell GS, Guttormsen AB, Eisman JA, Henriksen A, Nilsen RM, et 

al. Nutritional risk profile in a university hospital population. Clin Nutr. 

2015;34(4):705–11.  



 94 

133.  Felder S, Lechtenboehmer C, Bally M, Fehr R, Deiss M, Faessler L, et al. 

Association of nutritional risk and adverse medical outcomes across different 

medical inpatient populations. Nutrition. 2015;31(11–12):1385–93.  

134.  Khalatbari-Soltani S, Marques-Vidal P. The economic cost of hospital 

malnutrition in Europe; a narrative review. Clin Nutr ESPEN. 2015;10(3):e89–

94.  

135.  Guttormsen AB, Hensrud A, Irtun Ø, Mowé M, Sørbye LW, Thoresen L, et al. 

Nasjonale faglige retningslinjer for forebygging og behandling av 

underernæring. Helsedirektoratet (Directorate of Health), editor. Department of 

Health; 2013.  

136.  Rosenberg IH. Symposium: Sarcopenia: Diagnosis and Mechanisms Sarcopenia: 

Origins and Clinical Relevance 1. J Nutr. 1997;127:990–1.  

137.  Rosenberg IH. Summary comments: Epidemiologic and Methodologic Problems 

in Determining Nutritional Status of Older Persons. Am J Clin Nutr. 1989 Nov 

1;50(5):1231–3.  

138.  Anker SD, Morley JE, von Haehling S. Welcome to the ICD-10 code for 

sarcopenia. J Cachexia Sarcopenia Muscle. 2016;7(5):512–4.  

139.  Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al. 

Sarcopenia: revised European consensus on definition and diagnosis. Age 

Ageing. 2019;1(48):16–31.  

140.  Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, et 

al. The FNIH sarcopenia project: rationale, study description, conference 

recommendations, and final estimates. J Gerontol A Biol Sci Med Sci. 

2014;69(5):547–58.  

141.  Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian 

Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia 

Diagnosis and Treatment. J Am Med Dir Assoc. 2020;21(3):300-307.e2.  



 95 

142.  Morley JE, Abbatecola AM, Argiles JM, Baracos V, Bauer J, Bhasin S, et al. 

Sarcopenia With Limited Mobility: An International Consensus. J Am Med Dir 

Assoc. 2011;12(6):403–9.  

143.  Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. 2019;393(10191):2636–46.  

144.  Malmstrom TK, Morley JE. SARC-F: A simple questionnaire to rapidly 

diagnose sarcopenia. J Am Med Dir Assoc. 2013;14(8):531–2.  

145.  Moorthi RN, Avin KG. Clinical relevance of sarcopenia in chronic kidney 

disease. Curr Opin Nephrol Hypertens. 2017;26(3):219–28.  

146.  Wilkinson TJ, Miksza J, Yates T, Lightfoot CJ, Baker LA, Watson EL, et al. 

Association of sarcopenia with mortality and end-stage renal disease in those 

with chronic kidney disease: a UK Biobank study. J Cachexia Sarcopenia 

Muscle. 2021;12(3):586–98.  

147.  Foley RN, Wang C, Ishani A, Collins AJ, Murray AM. Kidney function and 

sarcopenia in the United States general population: NHANES III. Am J Nephrol. 

2007;27(3):279–86.  

148.  Ozkayar N, Altun B, Halil M, Kuyumcu ME, Arik G, Yesil Y, et al. Evaluation 

of sarcopenia in renal transplant recipients. Nephrourol Mon. 2015/02/20. 2014 

Jul;6(4):e20055.  

149.  Choi KM. Sarcopenia and sarcopenic obesity. Korean J Intern Med. 2016/11/04. 

2016;31(6):1054–60.  

150.  Lang CH, Frost RA, Nairn AC, MacLean DA, Vary TC. TNF-alpha impairs heart 

and skeletal muscle protein synthesis by altering translation initiation. Am J 

Physiol Endocrinol Metab. 2002;282(2):E336-47.  

151.  McFarlane C, Krishnasamy R, Stanton T, Savill E, Snelson M, Mihala G, et al. 

Diet Quality and Protein-Bound Uraemic Toxins: Investigation of Novel Risk 

Factors and the Role of Microbiome in Chronic Kidney Disease. J Ren Nutr. 



 96 

2021;1–10.  

152.  Barazzoni R, Bischoff SC, Boirie Y, Busetto L, Cederholm T, Dicker D, et al. 

Sarcopenic obesity: Time to meet the challenge. Clin Nutr. 2018;  

153.  Tian S, Xu Y. Association of sarcopenic obesity with the risk of all-cause 

mortality: A meta-analysis of prospective cohort studies. Geriatr Gerontol Int. 

2016;16(2):155–66.  

154.  ter Beek L, Vanhauwaert E, Slinde F, Orrevall Y, Henriksen C, Johansson M, et 

al. Unsatisfactory knowledge and use of terminology regarding malnutrition, 

starvation, cachexia and sarcopenia among dietitians. Clin Nutr. 

2016;35(6):1450–6.  

155.  Koppe L, Fouque D, Kalantar-Zadeh K. Kidney cachexia or protein-energy 

wasting in chronic kidney disease: facts and numbers. Vol. 10, Journal of 

Cachexia, Sarcopenia and Muscle. Wiley-Blackwell; 2019. p. 479–84.  

156.  Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, et al. 

A proposed nomenclature and diagnostic criteria for protein-energy wasting in 

acute and chronic kidney disease. Kidney Int. 2008;73(4):391–8.  

157.  Workeneh BT, Kalantar-Zadeh K, Moore LW. Progress in the Identification and 

Management of Protein-Energy Wasting and Sarcopenia in Chronic Kidney 

Disease. J Ren Nutr. 2021;31(4):335–9.  

158.  Wright M, Southcott E, MacLaughlin H, Wineberg S. Clinical practice guideline 

on undernutrition in chronic kidney disease. BMC Nephrol. 2019;20(1):1–10.  

159.  Kwan JM, Hajjiri Z, Metwally A, Finn PW, Perkins DL. Effect of the Obesity 

Epidemic on Kidney Transplantation: Obesity Is Independent of Diabetes as a 

Risk Factor for Adverse Renal Transplant Outcomes. PLoS One. 

2016;11(11):e0165712.  

160.  Agarwal R, Bills JE, Light RP. Diagnosing obesity by body mass index in 



 97 

chronic kidney disease: An explanation for the “obesity paradox?” Hypertension. 

2010;56(5):893–900.  

161.  Dai L, Mukai H, Lindholm B, Heimbürger O, Barany P, Stenvinkel P, et al. 

Clinical global assessment of nutritional status as predictor of mortality in 

chronic kidney disease patients. PLoS One. 2017;12(12):1–17.  

162.  Davis E, Campbell K, Gobe G, Hawley C, Isbel N, Johnson DW. Association of 

anthropometric measures with kidney disease progression and mortality: a 

retrospective cohort study of pre-dialysis chronic kidney disease patients referred 

to a specialist renal service. BMC Nephrol. 2016;17(1):1–10.  

163.  Ladhani M, Craig JC, Irving M, Clayton PA, Wong G. Obesity and the risk of 

cardiovascular and all-cause mortality in chronic kidney disease: A systematic 

review and meta-analysis. Nephrol Dial Transplant. 2017;32(3):439–49.  

164.  Cai H, Zhan Y, Lu J, Zhu M, Liu S, Mei J, et al. Body mass index combined with 

waist circumference can predict moderate chronic kidney disease: A 

retrospective study. Medicine (Baltimore). 2021;100(12):e25017.  

165.  Postorino M, Marino C, Tripepi G, Zoccali C. Abdominal Obesity and All-Cause 

and Cardiovascular Mortality in End-Stage Renal Disease. J Am Coll Cardiol. 

2009;53(15):1265–72.  

166.  Kalantar-Zadeh K, Fouque D. Nutritional Management of Chronic Kidney 

Disease. N Engl J Med. 2017;377(18):1765–76.  

167.  Cano NJ, Aparicio M, Brunori G, Carrero JJ, Cianciaruso B, Fiaccadori E, et al. 

ESPEN Guidelines on Parenteral Nutrition: adult renal failure. Clin Nutr. 

2009;28(4):401–14.  

168.  Cano N, Fiaccadori E, Tesinsky P, Toigo G, Druml W, Kuhlmann M, et al. 

ESPEN Guidelines on Enteral Nutrition: Adult renal failure. Clin Nutr. 

2006;25(2):295–310.  



 98 

169.  Fiaccadori E, Sabatino A, Barazzoni R, Carrero JJ, Cupisti A, De Waele E, et al. 

ESPEN guideline on clinical nutrition in hospitalized patients with acute or 

chronic kidney disease. Clin Nutr. 2021;40(4):1644–68.  

170.  K/DOQI, National Kidney Foundation. Clinical practice guidelines for nutrition 

in chronic renal failure. Am J Kidney Dis. 2000 Jun;35(6 Suppl 2):S17–104.  

171.  Fogelholm M, Sc D. Nordic Nutrition Recommendations 2012. 2012; Available 

from: https://www.norden.org/en/theme/former-themes/themes-2016/nordic-

nutrition-recommendation/nordic-nutrition-recommendations-2012 

172.  Lindup M, van den Bogaart L, Golshayan D, Aubert JD, Vionnet J, Regamey J, 

et al. Real-life food-safety behavior and incidence of foodborne infections in 

solid organ transplant recipients. Am J Transplant. 2020;20(5):1424–30.  

173.  Hollander AA, van Rooij J, Lentjes GW, Arbouw F, van Bree JB, Schoemaker 

RC, et al. The effect of grapefruit juice on cyclosporine and prednisone 

metabolism in  transplant patients. Clin Pharmacol Ther. 1995 Mar;57(3):318–

24.  

174.  World Health Organisation (WHO). Obesity: preventing and managing the 

global epidemic. Report of a WHO consultation. Vol. 894, World Health 

Organization technical report series. Switzerland; 2000.  

175.  Helsedirektoratet. Forebygging, utredning og behandling av overvekt og fedme 

hos voksne - Nasjonale retningslinjer for primærhelsetjeneste [Internet]. 2011. 

Available from: 

https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/390/nasjonal-

faglig-retningslinje-for-forebygging-utredning-og-behandling-av-overvekt-og-

fedme-hos-voksne.pdf 

176.  World Health Organisation (WHO). WHO | Waist Circumference and Waist–

Hip Ratio. Report of a WHO Expert Consultation. Geneva, 8-11 December 2008. 

2008;(December):8–11. Available from: http://www.who.int 



 99 

177.  Deurenberg P, Weststrate JA, van der Kooy K. Body composition changes 

assessed by bioelectrical impedance measurements. Am J Clin Nutr. 1989 

Mar;49(3):401–3.  

178.  Kostholdsplanleggeren [Internet]. Norwegian Directorate of Health and the 

Norwegian Food Safety Authority; Available from: 

https://www.kostholdsplanleggeren.no 

179.  Foreningen for utgivelse av Norsk legemiddelhåndbok. Legemiddelhåndboka 

[Internet]. 2019. Available from: www.legemiddelhandboka.no 

180.  Wickham H, Averick M, Bryan J, Chang W, McGowan LD, Francois R, et al. 

Tidyverse: easily install and load the “tidyverse.” J Open Source Softw 

[Internet]. 2019;4(43):1686. Available from: https://cran.r-

project.org/package=tidyverse 

181.  Wickham H, Francois R, Henry L, Müller K. dplyr: A grammar of data 

manipulation. R package version 1.0.7 [Internet]. 2021. Available from: 

https://cran.r-project.org/package=dplyr 

182.  Wickham H. tidyr: Tidy Messy Data [Internet]. 2021. Available from: 

https://cran.r-project.org/package=tidyr 

183.  Robinson D, Hayes A, Couch S. broom: Convert Statistical Objects into Tidy 

Tibbles [Internet]. 2021. Available from: https://cran.r-

project.org/package=broom 

184.  Wickham H. ggplot2. 2016.  

185.  Grolemund G, Wickham H. Dates and Times Made Easy with lubridate. J Stat 

Softw [Internet]. 2011;40(3):1–25. Available from: 

https://www.jstatsoft.org/v40/i03/ 

186.  Therneau T. _A Package for Survival Analysis in R_ [Internet]. 2021. Available 

from: https://cran.r-project.org/package=survival 



 100 

187.  Kassambara A, Kosinski M, Biecek P. survminer: Drawing Survival Curves 

using “ggplot2” [Internet]. 2021. Available from: https://cran.r-

project.org/package=survminer 

188.  Seifert R. plotHR [Internet]. 2009. Available from: 

http://rforge.org/2009/10/30/plot-function-for-additive-cox-proportional-

hazard-regression/ 

189.  von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. 

The strengthening the reporting of observational studies in epidemiology 

(STROBE) statement: Guidelines for reporting observational studies. Int J Surg. 

2014;12(12):1495–9.  

190.  Wang X, Cheng Z. Cross-Sectional Studies: Strengths, Weaknesses, and 

Recommendations. Chest [Internet]. 2020;158(1):S65–71. Available from: 

https://doi.org/10.1016/j.chest.2020.03.012 

191.  Wang X, Kattan MW. Cohort Studies: Design, Analysis, and Reporting. Chest 

[Internet]. 2020;158(1):S72–8. Available from: 

http://dx.doi.org/10.1016/j.chest.2020.03.014 

192.  Shim J-S, Oh K, Kim HC. Dietary assessment methods in epidemiologic studies. 

Epidemiol Health. 2014;36:e2014009.  

193.  Poslusna K, Ruprich J, De Vries JHM, Jakubikova M, Van’T Veer P. 

Misreporting of energy and micronutrient intake estimated by food records and 

24hour recalls, control and adjustment methods in practice. Br J Nutr. 

2009;101(SUPPL. 2).  

194.  Burrowes JD, Larive B, Cockram DB, Dwyer J, Kusek JW, McLeroy S, et al. 

Effects of dietary intake, appetite, and eating habits on dialysis and non-dialysis 

treatment days in hemodialysis patients: Cross-sectional results from the HEMO 

study. J Ren Nutr. 2003;13(3):191–8.  

195.  Naska A, Lagiou A, Lagiou P. Dietary assessment methods in epidemiological 



 101 

research: Current state of the art and future prospects. F1000Research. 2017;6:1–

9.  

196.  Müller M, Dahdal S, Saffarini M, Uehlinger D, Arampatzis S. Evaluation of 

Nutrition Risk Screening Score 2002 (NRS) assessment in hospitalized chronic 

kidney disease patient. PLoS One. 2019;14(1):1–11.  

197.  Borek P, Chmielewski M, Małgorzewicz S, Ślizień AD. Analysis of outcomes 

of the NRS 2002 in patients hospitalized in nephrology wards. Nutrients. 

2017;9(3).  

198.  Helsedirektoratet (Directorate of Health). Nasjonal faglig retningslinje: 

Forebygging og behandling av underernæring [Internet]. 2021 [cited 2022 May 

30]. Available from: 

https://www.helsedirektoratet.no/retningslinjer/forebygging-og-behandling-av-

underernaering 

199.  Tangvoraphonkchai K, Hung R, Sadeghi-Alavijeh O, Davenport A. Differences 

in Prevalence of Muscle Weakness (Sarcopenia) in Haemodialysis Patients 

Determined by Hand Grip Strength Due to Variation in Guideline Definitions of 

Sarcopenia. Nutr Clin Pract. 2018;33(2):255–60.  

200.  Androga L, Sharma D, Amodu A, Abramowitz MK. Sarcopenia, Obesity, and 

Mortality in US Adults With and Without Chronic Kidney Disease. Kidney Int 

Reports. 2017;2(2):201–11.  

201.  Bellafronte NT, Sizoto GR, Vega-Piris L, Chiarello PG, Cuadrado GB. Bed-side 

measures for diagnosis of low muscle mass, sarcopenia, obesity, and sarcopenic 

obesity in patients with chronic kidney disease under non-dialysis-dependent, 

dialysis dependent and kidney transplant therapy. PLoS One. 2020;15(11 

November):1–18.  

202.  Wilkinson TJ, Gabrys I, Lightfoot CJ, Lambert K, Baker LA, Billany RE, et al. 

A Systematic Review of Handgrip Strength Measurement in Clinical and 



 102 

Epidemiological Studies of Kidney Disease: Toward a Standardized Approach. 

J Ren Nutr. 2021;1–11.  

203.  Sousa-Santos AR, Amaral TF. Differences in handgrip strength protocols to 

identify sarcopenia and frailty - A systematic review. BMC Geriatr. 2017;17(1).  

204.  MacDermid J, Solomon G, Valdes K, American Society of Hand Therapists. 

Clinical assessment recommendations. 2015.  

205.  Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A 

review of the measurement of grip strength in clinical and epidemiological 

studies: Towards a standardised approach. Age Ageing. 2011;40(4):423–9.  

206.  Lim JP, Yew S, Tay L, Chew J, Yeo A, Hafizah Ismail N, et al. Grip Strength 

Criterion Matters: Impact of Average Versus Maximum Handgrip Strength on 

Sarcopenia Prevalence and Predictive Validity for Low Physical Performance. J 

Nutr Heal Aging. 2020;24(9):1031–5.  

207.  Dumler F. Use of bioelectric impedance analysis and dual-energy X-ray 

absorptiometry for monitoring the nutritional status of dialysis patients. Asaio j. 

1997;43(3):256–60.  

208.  Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Manuel Gomez J, 

et al. Bioelectrical impedance analysis-part II: utilization in clinical practice. Clin 

Nutr. 2004;23(6):1430–53.  

209.  Cuppari L, Ikizler TA. Energy balance in advanced chronic kidney disease and 

end-stage renal disease. Semin Dial. 2010;23(4):373–7.  

210.  Santos-Díaz G, Pérez-Pico AM, Suárez-Santisteban MÁ, García-Bernalt V, 

Mayordomo R, Dorado P. Prevalence of potential drug–drug interaction risk 

among chronic kidney disease patients in a spanish hospital. Pharmaceutics. 

2020;12(8):1–11.  

211.  Ribeiro HS, Neri SGR, Oliveira JS, Bennett PN, Viana JL, Lima RM. 



 103 

Association between sarcopenia and clinical outcomes in chronic kidney disease 

patients: A systematic review and meta-analysis. Clin Nutr. 2022;41.  

212.  Chatzipetrou V, Bégin MJ, Hars M, Trombetti A. Sarcopenia in Chronic Kidney 

Disease: A Scoping Review of Prevalence, Risk Factors, Association with 

Outcomes, and Treatment. Vol. 110, Calcified Tissue International. Springer US; 

2022. 1–31 p.  

213.  Bahat G, Tufan A, Kilic C, Karan MA, Cruz-Jentoft AJ. Prevalence of sarcopenia 

and its components in community-dwelling outpatient older adults and their 

relation with functionality. Aging Male. 2021;23(5):424–30.  

214.  de Amorim GJ, Calado CKM, Souza de Oliveira BC, Araujo RPO, Filgueira TO, 

de Sousa Fernandes MS, et al. Sarcopenia in Non-Dialysis Chronic Kidney 

Disease Patients: Prevalence and Associated Factors. Front Med. 

2022;9(April):1–10.  

215.  Manrique-Espinoza B, Salinas-Rodríguez A, Rosas-Carrasco O, Gutiérrez-

Robledo LM, Avila-Funes JA. Sarcopenia Is Associated With Physical and 

Mental Components of Health-Related Quality of Life in Older Adults. J Am 

Med Dir Assoc. 2017;18(7):636.e1-636.e5.  

216.  Alston H, Burns A, Davenport A. Loss of appendicular muscle mass in 

haemodialysis patients is associated with  increased self-reported depression, 

anxiety and lower general health scores. Nephrology (Carlton). 2018 

Jun;23(6):546–51.  

217.  Krokstad S, Langhammer A, Hveem K, Holmen TL, Midthjell K, Stene TR, et 

al. Cohort profile: The HUNT study, Norway. Int J Epidemiol. 2022;42(4):968–

77.  

218.  Conley MM, McFarlane CM, Johnson DW, Kelly JT, Campbell KL, 

MacLaughlin HL. Interventions for weight loss in people with chronic kidney 

disease who are overweight or obese. Cochrane Database Syst Rev. 2021;(3).  



 104 

219.  Rocco M V, Paranandi L, Burrowes JD, Cockram DB, Dwyer JT, Kusek JW, et 

al. Nutritional status in the HEMO Study cohort at baseline. Hemodialysis. Am 

J Kidney Dis. 2002;39(2):245–56.  

220.  Schuetz P, Fehr R, Baechli V, Geiser M, Deiss M, Gomes F, et al. Individualised 

nutritional support in medical inpatients at nutritional risk: a randomised clinical 

trial. Lancet. 2019;393(10188):2312–21.  

221.  Nolte Fong J V., Moore LW. Nutrition Trends in Kidney Transplant Recipients: 

the Importance of Dietary Monitoring and Need for Evidence-Based 

Recommendations. Front Med. 2018;5:302.  

222.  Lindqvist C, Slinde F, Majeed A, Bottai M, Wahlin S. Nutrition impact 

symptoms are related to malnutrition and quality of life – A cross-sectional study 

of patients with chronic liver disease. Clin Nutr. 2020;39(6):1840–8.  

223.  Caillet P, Liuu E, Raynaud Simon A, Bonnefoy M, Guerin O, Berrut G, et al. 

Association between cachexia, chemotherapy and outcomes in older cancer 

patients: A systematic review. Vol. 36, Clinical Nutrition. Churchill Livingstone; 

2017. p. 1473–82.  

224.  Birkeland E, Stokke G, Tangvik RJ, Torkildsen EA, Boateng J, Wollen AL, et 

al. Norwegian PUQE (pregnancy-unique quantification of emesis and nausea) 

identifies patients with hyperemesis gravidarum and poor nutritional intake: A 

prospective cohort validation study. PLoS One. 2015 Apr 1;10(4).  

225.  Dawson J, Brennan FP, Hoffman A, Josland E, Li KC, Smyth A, et al. Prevalence 

of Taste Changes and Association with Other Nutrition-Related Symptoms in 

End-Stage Kidney Disease Patients. J Ren Nutr. 2021;31(1):80–4.  

226.  Aune D, Sen A, Prasad M, Norat T, Janszky I, Tonstad S, et al. BMI and all cause 

mortality: Systematic review and non-linear dose-response meta-analysis of 230 

cohort studies with 3.74 million deaths among 30.3 million participants. BMJ. 

2016;353.  



 105 

227.  Bhaskaran K, Dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L. Association 

of BMI with overall and cause-specific mortality: a population-based cohort 

study of 3·6 million adults in the UK. Lancet Diabetes Endocrinol. 

2018;6(12):944–53.  

228.  Ziolkowski SL, Long J, Baker JF, Chertow GM, Leonard MB. Chronic Kidney 

Disease and the Adiposity Paradox: Valid or Confounded? J Ren Nutr. 

2019;29(6):521–8.  

229.  Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, et 

al. General and Abdominal Adiposity and Risk of Death in Europe. N Engl J 

Med. 2008;359(20):2105–20.  

230.  March DS, Hurt AW, Grantham CE, Churchward DR, Young HML, Highton PJ, 

et al. A Cost-Effective Analysis of the CYCLE-HD Randomized Controlled 

Trial. Kidney Int Reports. 2021;6(6):1548–57.  

231.  Graham-Brown MPM, March DS, Young R, Highton PJ, Young HML, 

Churchward DR, et al. A randomized controlled trial to investigate the effects of 

intra-dialytic cycling on left ventricular mass. Kidney Int. 2021;99(6):1478–86.  

232.  Hendriks FK, Smeets JSJ, Sande FM Van Der, Kooman JP, Loon LJC Van. 

Dietary Protein and Physical Activity Interventions to Support Muscle 

Maintenance in End-Stage Renal Disease Patients on Hemodialysis. Nutrients. 

2019;11:1–13.  

233.  Ng WL, Collins PF, Hickling DF, Bell JJ. Evaluating the concurrent validity of 

body mass index (BMI) in the identification of malnutrition in older hospital 

inpatients. Clin Nutr. 2019;38(5):2417–22.  

 





I





RESEARCH ARTICLE Open Access

High rates of central obesity and
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Abstract

Background: Poor nutritional status of patients with renal disease has been associated with worsening of renal
function and poor health outcomes. Simply measuring weight and height for calculation of the body mass
index does however not capture the true picture of nutritional status in these patients. Therefore, we measured
nutritional status by BMI, body composition, waist circumference, dietary intake and nutritional screening in three
groups of renal patients.

Methods: Patients with chronic kidney disease not on renal replacement therapy (CKD stages 3–5, n = 112), after
renal transplantation (n = 72) and patients treated with hemodialysis (n = 24) were recruited in a tertiary hospital
in Bergen, Norway in a cross-sectional observational study. Dietary intake was assessed by a single 24 h recall.
All patients underwent nutritional screening, anthropometric measurements, body composition measurement
andfunctional measurements (hand grip strength). The prevalence of overweight and obesity, central obesity,
sarcopenia, sarcopenic obesity and nutritional risk was calculated.

Results: Central obesity and sarcopenia were present in 49% and 35% of patients, respectively. 49% of patients
with central obesity were normal weight or overweight according to their BMI. Factors associated with central
obesity were a diagnosis of diabetes and increased fat mass, while factors associated with sarcopenia were age,
female gender, number of medications. An increase in the BMI was associated with lower risk for sarcopenia.

Conclusion: Central obesity and sarcopenia were present in renal patients at all disease stages. More attention
to these unfavorable nutritional states is warranted in these patients.

Keywords: ESRD, Renal disease, Nutritional status, Sarcopenia

Background
Worldwide, the prevalence of patients treated for chronic
kidney disease is increasing. Improvements in therapy
have improved the outcomes of chronic kidney disease
and renal replacement therapy, such as hemodialysis and
transplantation, leading to higher numbers of patients
who represent with increased number of comorbidities
[1]. Diet and nutritional status play a major role in chronic

renal disease, as loss of renal function has a major impact
on nutritional metabolism and its regulation, as the pro-
gression of disease can be modified by diet and nutritional
status, and dietary measures can reduce the burden of co-
morbidities such as hypertension, diabetes mellitus, and
risk of cardiovascular disease [2].
Nutritional status can be affected by both over- and un-

dernutrition. Obesity and especially diabetes mellitus are
strong risk factors to develop renal disease [3]. Overweight
and obesity are common features of diabetes mellitus, and
especially central obesity, with increased visceral fat
accumulation and waist circumference, is associated with
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unfavorable metabolic changes and increased risk of dia-
betes mellitus and cardiovascular disease [4, 5].
On the other hand, during dialysis, the risk to develop

malnutrition or protein-energy wasting (PEW), due to in-
sufficient energy and protein intake or increased losses, is
increased and poses an important risk factor for increased
morbidity and mortality. Patients on hemodialysis often
suffer from lack of appetite and increased catabolism,
which can lead to undernutrition if not adequately diag-
nosed and treated [6].
As chronic kidney disease and end-stage renal disease

are especially common among older subjects, common
age related changes in metabolism and body composition
are also observed in patients with kidney disease. Changes
in body composition associated with aging affect an in-
crease of fat mass and a decrease of lean body mass. Skel-
etal muscles are especially affected and aging is associated
with a decrease of muscle mass and strength, also called
sarcopenia. Sarcopenia has been identified as a major risk
factor for frailty, which itself is a risk factor for mortality
in dialysis patients [7], falls and other unfavorable health
outcomes. As it affects skeletal muscles, it can also occur
in obese patients (‘sarcopenic obesity’). Estimates of body
composition and sarcopenia can be made either with
DEXA or with bioelectrical impedance assessment (BIA)
methods [8]. BIA has the advantage of being transport-
able, easy to use and cheap, and studies have shown that
BIA estimates are comparable to DEXA estimates of lean
body mass [9, 10]. Muscle strength can be measured by
functional measurements and the measurement of hand
grip strength with handheld dynamometers has been
widely used [11, 12].
Patients in hospitals are a vulnerable group for devel-

oping undernutrition. It has been estimated that about
every third patient admitted to hospitals in Western
countries is undernourished or at risk of undernutrition
as assessed by screening tools [13]. Nutritional screening
usually focuses on body mass, recent weight losses, loss
of appetite and disease-related conditions [14]. In many
Norwegian hospitals, the screening tool NRS2002 is
used. This tool can also be used in patients attending out-
patient clinics such as CKD and patients with a kidney
transplant.
Thus, nutritional status can be measured in different di-

mensions: over- and undernutrition, the distribution of fat
mass, changes in body composition associated with aging
and disease (loss of muscle mass, sarcopenia) or nutri-
tional risk. However, in clinical praxis, nutritional status is
often defined by body mass index only which is based on
weight and height measurements but does not take into
account body composition (skeletal muscle mass) and fat
distribution. We propose that a single measurement will
not be able to capture these different dimensions of nutri-
tional status. In addition, renal patients require dietary

advice and treatment that is adapted to the patients’ stage
of renal disease and that changes during the course of the
disease. Therefore, the aim of the current study was to
investigate the feasibility and meaning of different dimen-
sions of nutritional status assessment by anthropometry,
body composition measurement, dietary assessment, func-
tional measurements of muscle strength and nutritional
screening in patients with renal disease ranging from
CKD stage 3 to pre-dialysis, hemodialysis and renal trans-
plant patients.

Methods
Patients, consent and ethics
This is a cross-sectional, single center observational study
conducted at the Haukeland University Hospital, Bergen
Norway. Adult patients with renal disease were eligible for
inclusion into the study, which was conducted at the
dialysis unit and the outpatient clinic of the Section of
Nephrology at the Department of Medicine. During
2014–2017, outpatients from the Section of Nephrology
were recruited to the study after signing informed con-
sent (November 2014 to February 2015: n = 24 patients
with hemodialysis (selected by consent from n = 74 pa-
tients), August to December 2015: n = 112 patients with
chronic kidney disease stage 3 to 5 (selected by consent
from n = 183 CKD patients without renal replacement
therapy), and September 2016 to January 2017: n = 72
patients with a renal transplant (selected by consent
from n = 249 patients)) Included patients were com-
pared regarding age and sex to the total patient group,
and in dialysis patients, regarding time on dialysis and
dialysis treatments and no significant deviations were
found (data not shown).
The study was conducted in accordance with principles

of the Declaration of Helsinki and was approved by the
Regional Committee for Medical and Health Research
Ethics at the University of Bergen (REK Vest, No. 2014/
1790).

Study procedures
For renal transplant patients and CKD patients, all pa-
tients were informed about the study by mail prior to their
regular outpatient visit. During the visit, they were asked
whether they were interested to participate in a study on
dietary habits, nutritional status and health. Eligible pa-
tients were patients providing informed consent, 18 years
or older, and able to communicate either in Norwegian or
English. Reasons for exclusion were refusal of informed
consent, language problems or cognitive decline. After
informed consent, these patients filled in a questionnaire
about lifestyle habits and disease history, underwent a sin-
gle 24 h dietary recall, measurement of hand grip strength,
anthropometric measurements (weight, height, skinfolds,
waist and upper arm circumference), body composition
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measurement by bioelectrical impedance, and donated an
extra blood and urine sample for later analyses.
Patients treated with hemodialysis were asked during

dialysis whether they wanted to participate in the study.
After providing informed consent, a new appointment for
the data collection was scheduled with the routine blood
sampling. Identical questionnaires and procedures were
used as for renal transplant patients and CKD patients. All
functional, body composition and anthropometric mea-
surements were made after dialysis.
All measurements were conducted by clinical dieticians

trained in anthropometric measurements and dietary re-
call. Information about disease history including comor-
bidities, medication and blood pressure were obtained
from the patients’ records.

Bioelectrical impedance analysis (BIA)
Body composition was measured by a single frequency
(50 KHz) tetrapolar BIA 101 Aniversary Sport Edition
(AKERN). The measurements were usually performed
on the non-dominant side of the body, unless the pa-
tients had a fistula on this side of the body. All
jewelry, clocks and belts were removed. Patients were
usually non-fasting. The current–injector electrode
was placed on the dorsum of the hand, just above the
phalangeal-metacarpal joint and on the ventral side of
the foot just below the transverse arch. Detector elec-
trodes were placed on the dorsal side of the wrist, midline
and in line with the pisiform bone, and across the ankle in
line with the medial malleolus. Patients with a pacemaker
or an implantable cardioverter-defibrillator were not in-
vestigated by BIA. In this way, resistance and reactance
values were obtained in Ohms, and in addition the phase
angle. The total fat free mass (FFM) in kg and fat mass
(FM, in kg and in % of body weight) were calculated using
a formula of Deurenberg 1989 [15].

F FM ¼ 6:520� 100� height2=resistance
þ 3:8 x gender þ 10:9

(height in m, resistance at 50 kHz in Ω, gender with
male = 1 and female = 0).
For the calculation of appendicular lean mass (ALM),

the following formula (Macdonald 2006) was used
(ALM):

ALMBIA ¼ −11:626þ ð0:292� height2=resistanceÞ
þð0:06983� reactanceÞ þ ð0:08553� heightÞ
þð−2:092� genderÞ þ ð−0:05� ageÞ

(height in cm; resistance and reactance at 50 kHz (Ω);
gender, 0 =male, 1 = female; age in years).
The obtained ALM was used for the calculation of

the skeletal muscle index (ALM/Ht2). Cut-off values in
men of ≤8.87 kg/m2 and in women of ≤6.42 kg/m2 were

applied (in addition to low hand grip strength) for the
definition of sarcopenia [8].
Hand grip strength was measured using a hand held

dynamometer (JAMAR, Sammons Preston, Bolingbrook,
IL, USA) in triplicate. Both average and maximum hand
grip strength was recorded. For the definition of sarcope-
nia, a cut off of 30 kg in men and 20 kg in women was ap-
plied [16].
Diagnosis of sarcopenia was made when the patient

fulfilled the definition for both ALM/ht2 and HGS.
Weight (while wearing light clothing and no shoes) and

height (without shoes) was measured using the same type
of scales and stadiometer (Seca model 877, and model 217,
Seca, Hamburg, Germany). The body mass index (BMI)
was then calculated, and the patients were classified as ei-
ther underweight (BMI < 18.5 kg/m2), normal weight (BMI
18.5–24.99 kg/m2), overweight (BMI 25.0–29.99 kg/m2), or
obese (BMI ≥ 30 kg/m2). In addition, a patient was identi-
fied as having central obesity when the waist circumference
was > 102 cm in males and > 88 cm in females, regardless
of the patient’s BMI.
Nutritional screening was performed using NRS2002

which is an established tool for patients in hospitals
and used routinely in Haukeland University Hospital
[13]. The screening is based on 4 initial questions (BMI
< 20.5 kg/m2, weight loss during the last three months,
reduced food intake during the last week, presence of
severe illness?). If any question was answered with yes,
the interviewer continued to the main screening with
questions regarding both nutritional status and disease
status. Both sections are graded with a score from 0 to
3, with increasing scores in relation to severity of dis-
ease and deterioration of nutritional status. Patients
aged 70 years or older received an extra score. A
score ≥ 3 identifies patients at nutritional risk for mal-
nutrition [17].
Dietary intake was assessed by a single 24 h dietary re-

call. The patients were asked about food and drink intake
the day before the appointment and the interviewer went
through all meals and possible consumption between
meals, using a standardized interview guideline [18]. Por-
tion size was estimated using a booklet with four different
portion sizes demonstrated or in household measure-
ments or no. of items consumed. Data were entered in the
online dietary tool ‘Kostholdsplanleggeren.no’ which is
based on the official Norwegian food composition table
and edited by the Norwegian Food Safety authority and
the Norwegian directorate of health.
Patients were also asked whether they followed dietary

restrictions and if so, they were asked to specify them. In
addition, the number of prescribed medications was noted.
Laboratory data were taken from the patients’ routine

blood samples which were usually taken the same day as
the appointment. Laboratory variables were analyzed in
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the central laboratory of the Haukeland University hos-
pital which is ISO 15189 certified. Variables of interest
were hemoglobin, albumin, C-reactive protein, creatinine
in serum, and urinary albumin excretion rate (in spot
urine, per mmol creatinine). The estimated glomerular
filtration rate (eGFR) was calculated using the CKD-Epi
equation [19].

Statistical analysis
Each group of patients was analyzed separately. Differ-
ences between continuous variables were tested with
either the t-test or the Mann Whitney U test, and be-
tween categorical variables were tested by the Chi
squared or the Fisher’s exact test. Differences between
the patients’ groups were tested with analysis of variance
or Kruskal-Wallis test. Associations between continuous
variables were investigated by Spearman’s rho correlation
analysis.
Logistic regression was used to explore factors associ-

ated with central obesity and sarcopenia. SPSS (version
25) was used for the statistical calculations. A p-value of
0.05 was regarded as significant.

Results
Age and sex distribution of the selected patients were
similar to the patient cohort of kidney patients treated at
the Hospital.
Patient characteristics are depicted in Table 1. In brief,

patients with CKD were older than ESRD-HD and renal
transplant patients, and the distribution of men and
women was similar in the three patient groups. Renal
function was best in the renal transplant group, with
higher eGFR and lower albumin excretion than in the
CKD patients. Patients in the ESRD-HD group were at
median 2 years on dialysis (reflecting the short waiting
time for a kidney transplant in Norway of less than one
year), and in renal transplant patients, at median almost
9 years were gone after transplantation. The prevalence
of hypertension and diabetes was highest in the ESRD-HD
group and lowest in the renal transplant group, with
highly significant differences. Albumin concentrations
were lowest in the ESRD-HD group, but only five of
24 patients in this group showed low albumin levels
(< 38 g/L).
The average BMI was highest in the CKD group,

followed by the renal transplant and the ESRD-HD group.

Table 1 Characteristics of the patients with different stages of renal disease (CKD chronic kidney disease; ESRD-HD end-stage renal
disease treated with hemodialysis; renal transplant: recipients of a renal transplant)

CKD
N = 112

ESRD-HD
N = 24

Renal transplant
N = 72

P (ANOVA) Kruskal
Wallis test

Age 66 (51, 76) 63 (50, 76) 60 (49, 67) 0.04

Sex (m/f) 79/33 (71%/29%) 17/7 (71%/29%) 51/21 (71%/29%) 0.999

Body mass index (kg/m2) 27.4 (23.9, 31.0) 24.7 (21.8, 27.5) 26.0 (24.0, 29.3) 0.02

Hypertension n (%) 82 (92%) 23 (96%) 28 (39%) < 0.001

Diabetes mellitus n (%) 33 (30%) 11 (46%) 11 (15%) < 0.001

Current smoking n (%) 17 (15%) 3 (12%) 8 (11%) 0.104

No. of prescribed medicationa 7 (4, 9) 14 (12, 17) 9 (7, 11) < 0.001

eGFRb (ml/min/1.73m2) 28 (18, 38) 6 (5, 8) 53 (38, 73) < 0.001

CKD stages n (1–3/4/5) 44/52/16 0/0/24 59/11/1

Systolic blood pressure (mmHg) 134 (125, 145) 159 (142, 175)c 130 (120, 140) < 0.001

Diastolic blood pressure (mmHg) 80 (70, 82) 67 (61, 77)c 80 (71, 82) < 0.001

Years on dialysis – 2 (1–4) –

Years since renal transplant – – 8.9 (5.9, 15.5)

Serum creatinine (μmol/L) 209 (159, 278) 656 (560, 844) 114 (96, 164) < 0.001

Serum urea (mmol/L) 16 (11.2, 20.0) 23 (19, 28) 9.3 (6.7, 13.8) < 0.001

Hemoglobin (g/L) 12.9 ± 1.6 11.9 ± 1.6 13.6 ± 1.9 < 0.001

Serum albumin (g/L) 44 (41, 45) 40.5 (38, 43) 43 (41, 45) 0.001

Serum C-reactive protein (mg/L) 3 (1, 6) 3 (1, 16) 2 (1, 4) 0.08

HbA1c (%) 5.8 (5.5, 6.3) 5.8 ± 1.2 5.7 (5.5, 6.1) 0.12

Urinary albumin (mg/mmol Crea) 30 (5, 104) – 2.7 (0.9, 17.0) < 0.001
aMedication and supplements described in The Norwegian Pharmaceutical Product Compendium (Felleskatalogen AS)
beGFR was calculated using CKD-Epi equation [18]
cpre dialysis, median (IQR)
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CKD patients also showed the highest prevalence of
obesity (BMI > 30 kg/m2, 33%) and central obesity
(increased waist circumference, 53%), followed by the
renal transplant group (22% and 50%, respectively) and
the ESRD-HD group (4% and 39%, respectively). In the
renal transplant group, there were 3 patients (all fe-
male) who were underweight with a BMI < 18.5 kg/m2

(Fig. 1a). Applying higher BMI cut-offs for underweight
as suggested in patients with renal disease [20], resulted
in higher numbers: BMI < 23 kg/m2 was observed in 21
(19%) of the CKD patients, 13 (18%) of the transplant
group and 9 (37.5%) of the ESRD-HD group.
Nutritional and functional data are shown in Table 2.

Nutritional risk and sarcopenia were most prevalent in
the ESRD-HD group with 33% being at nutritional risk
by NRS2002 screening and 42% diagnosed as having sar-
copenia (low skeletal muscle index plus low hand grip
strength). Nutritional risk was rare in the CKD and renal
transplant group (3% and 7%, respectively). Patients at
nutritional risk were either underweight (n = 2), normal
weight (n = 9) or overweight (n = 5). In CKD and renal
transplant patients, sarcopenia was almost as prevalent
as in the ESRD-HD group. Overall, only 29% of patients
in the CKD group, 39% in the ESRD-HD group and 31%
of patients in the renal transplant group had neither sar-
copenia nor central obesity (Fig. 1b).
Dietary intake was assessed by a single 24 h dietary re-

call (Table 2). Neither dietary energy nor protein intakes

were significantly different across patient groups. On
average, protein intake exceeded 0.8 g/kg BW, the recom-
mended amount of protein in the CKD and renal trans-
plant patients [21], respectively, and was lower than
recommended (1.2 g/kg body weight) in the ESRD-HD
group [22]. In addition, the energy intake was on average
lower than the expected dietary energy requirement, and
even if underreporting of dietary intake was considered,
the dietary intake was well below the recommended diet-
ary intake (30–35 kcal/kg/d) [22, 23].
About half of the patients mentioned that they were

following dietary restrictions (n = 107, 74 men and 33
women). While most patients from the ESRD-HD group
had restrictions (n = 19, 79%), CKD and renal transplant
patients had less often dietary restrictions (n = 55, 49%,
and n = 27, 38%, respectively). Most restrictions were on
salt and fluid (n = 35), or phosphate/potassium intake
(n = 20), or patients followed multiple (protein, salt,
potassium, phosphate, fluid) restrictions (n = 40). Re-
strictions on energy intake were only mentioned by two
patients specifically. Overall, dietary restrictions had lit-
tle effect on dietary intake (data not shown).
Sarcopenia was significantly associated with higher age,

lower mean upper arm circumference, lower phase angle
by BIA, lower serum levels of creatinine and hemoglobin,
higher CRP, but not with differences in serum albumin,
BMI or waist circumference. While absolute protein
intake was lower in sarcopenic patients, there were no
differences in g protein intake per kg body weight or in
energy intake (data not shown). There was no difference
in patient group, or presence of central obesity (Table 2
and Fig. 1b).
In a multivariate logistic regression model, age, female

gender, and number of prescribed medications were sig-
nificantly associated with a higher risk for sarcopenia
and higher fat mass or body mass index were associated
with lower risk, while type of renal disease, comorbidi-
ties like diabetes mellitus or hypertension were not sig-
nificantly associated with risk for sarcopenia (Table 3).
Central obesity, as defined by increased waist circum-

ference, was observed in 102 patients. Remarkably, 50
patients (49%) with increased waist circumference had
a BMI either in the normal range or in the overweight
category and would therefore not be classified as obese
by BMI only. In the multivariate logistic regression
model, higher fat mass and diabetes mellitus were asso-
ciated with central obesity. (Table 4). In CKD patients
and renal transplant patients, urinary albumin excretion
rate was also significantly associated with central obes-
ity (data not shown).
Sarcopenia and obesity defined by a BMI exceeding

30 kg/m2 was only observed in 12 CKD patients and one
renal transplant patient, but sarcopenia with concurrent
increased waist circumference was frequent and affected

Fig. 1 Nutritional status of patients according to stage of kidney
disease (CKD chronic kidney disease; ESRD-HD end-stage renal
disease treated with hemodialysis; Tx: recipients of a renal
transplant) and established BMI cut-offs (a) and according to
sarcopenia, central obesity and sarcopenic obesity (b). Sarcopenia
was defined by low skeletal muscle index and low hand grip
strength, central obesity according to waist circumference and
sarcopenic obesity as presence of sarcopenia and central obesity
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20 CKD patients (18%), 5 ESRD-HD patients (22%) and
9 renal transplant patients (13%) (Fig. 1B).

Discussion
This study aimed to investigate nutritional status of pa-
tients with renal disease at different stages. There was a
particular interest in the concurrent occurrence of low
muscle mass and accumulation of fat mass, as has been
described to be typical for patients with kidney disease but
which is less obvious from routine weight measurements.
The main findings were that 1) Obesity was frequent

in CKD and renal transplant patients. Increased waist
circumference, indicating central obesity affected almost
half of all patients in all patient groups, 2) A substantial
proportion of patients on hemodialysis was found to be
at nutritional risk, while the proportion of patients at

nutritional risk was low in CKD and renal transplant
patients, 3) Sarcopenia was present in about one third
of the patients. Low skeletal mass index and low appen-
dicular lean muscle mass were present in almost all pa-
tients with ESRD and in ¾ of CKD patients, while low
hand grip strength was present in more than a third of
all patients across renal disease stages, 4) Sarcopenic
obesity, defined as the concurrence of central obesity
with increased waist circumference and sarcopenia was
frequent. Sarcopenic obesity with BMI > 30 kg/m2 was less
frequently observed, and not at all in the ESRD-HD
patients.
Thus, the study revealed a number of nutritional prob-

lems in patients with kidney disease, spanning over- and
undernutrition and nutritional quality. These problems
need to be carefully addressed during treatment as they

Table 2 Nutritional data and functional data of patients with renal disease according to stage of renal disease (CKD chronic kidney
disease; ESRD-HD end-stage renal disease treated with hemodialysis; renal transplant: recipients of a renal transplant)

CKD
N = 112

ESRD-HD
N = 24

Renal transplant
N = 72

P (ANOVA) Kruskal
Wallis test

Weight (kg) 82.1 ± 18.6 72.5 ± 12.4 79.0 ± 15.0 0.04

BMI (kg/m2) 27.8 ± 5.1 24.7 ± 3.7 26.7 ± 4.5 0.02

Resistance (Ω) 475 ± 80 509 ± 67 487 ± 86 0.104

Reactance (Ω) 48 ± 11 45 ± 14 50 ± 13 0.215

Phase angle (°) 5.76 ± 1.19 5.0 ± 1.4 5.86 ± 1.03 0.027

Appendicular lean mass (kg)a 21.3 ± 5.2 19.6 ± 5.3 21.4 ± 4.8 0.274

Skeletal muscle index (ALM/Ht2, kg/m2)b 7.1 (6.3, 7.6) 6.6 (5.7, 7.6) 7.6 (6.2, 8.0) 0.077

Fat mass (kg)
Fat mass (% of weight)

27.4 (19.8, 35.1)
33.6 (27.4, 39.1)

22.4 (13.9, 27.1)
29.0 (21.4, 34.5)

25.2 (15.9, 34.8)
32.9 (23.4, 41.1)

0.102
0.256

Fat free mass (kg) 53.3 (45.8, 61.6) 49.5 (44.9, 54.8) 55.2 (43.3, 59.9) 0.385

Waist circumference (cm) 99.2 ± 14.4 95.9 ± 13.6c 98.0 ± 14.3 0.47

Mid upper arm circumference (cm) 32.6 ± 4.8 29.0 ± 3.6 30.5 ± 3.4 < 0.001

Biceps skinfold (mm) 15 (10, 21) 8 (4, 11) 7 (5, 12) < 0.001

Triceps skinfold (mm) 23 (17, 30) 14 (10, 19) 18 (12, 26) < 0.001

Dietary intake (Kcal/d) 1730 (1380, 2120) 1700 (1230, 1927) 1794 (1303, 2087) 0.635

Dietary intake (Kcal/kg bw/d) 22 (16, 29) 23 (17, 30) 21 (18, 28) 0.875

Dietary protein (g/d) 76 (56, 96) 71 (60, 80) 78 (59, 103) 0.238

Dietary protein (g/kg bw/d) 0.95 (0.73, 1.23) 1.00 (0.77, 1.23) 0.96 (0.79, 1.38) 0.493

Handgrip strength average (kg) 30 ± 12 28 ± 12 30 ± 11 0.66

Handgrip strength maximum (kg) 32 ± 13 31 ± 13 32 ± 11 0.75

Knee extension average (N) 173 ± 52 – 183 ± 37 0.234

Knee extension maximum (N) 184 ± 54 – 195 ± 39 0.235

Nutritonal risk (NRS2002) 3 (3%) 8 (33%) 5 (7%) < 0.001

Sarcopeniad 41 (37%) 10 (42%) 23 (32%) 0.642

Central obesity 58 (53%) 9 (39%)c 35 (50%) 0.490

Data are shown as median with interquartile range or as mean with standard deviation
aappendicular lean mass was calculated according to MacDonald et al. [10]
bSkeletal mass index calculated from appendicular lean mass divided by height squared
cn = 23
dBIA measurements were performed in 101 CKD patients, 23 ESRD-HD patients and 69 renal transplant patients due to contraindications present. In patients with
missing BIA measurements, sarcopenia was defined by low hand grip strength only
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may affect disease progression, metabolic control, and
quality of life.
The high rate of high BMI but also of central obesity

in the CKD and renal transplant patients reflects both
the overall high prevalence of overweight and obesity in
the general population and disease-specific reasons [24].
Diabetes mellitus type 2, which is usually associated with
overweight and obesity, was frequent especially in the
CKD patients (30%). It has been shown that obesity itself
is a risk factor for the development of CKD and the pro-
gression of the disease [3, 25]. Overweight and obesity in
renal transplant patients is a known problem due to
weight gain after transplantation [26, 27].
Other studies have also reported high prevalence of

overweight and obesity in patients with CKD [28, 29].
Similar to data of the present study, the British patients
with central obesity had higher prevalence of cardiovas-
cular risk factors.
The concurrent finding of low ALM and overweight/

obesity puts a challenge on all approaches of weight re-
duction in these patients. Body weight reduction is the
sum of reductions in fat mass and in fat-free mass,
which usually outweigh about 20% of lost weight [30].
Although reduction of fat mass is warranted in over-
weight and obese CKD and renal transplant patients for
improvement of metabolic control, especially in pa-
tients with diabetes mellitus, any diet would also com-
promise the maintenance of muscle mass. Protein-rich
diets have been recommended in weight loss studies
due to their effects on satiety and maintenance of
muscle mass [31, 32], however, CKD patients are ad-
vised not to increase their protein intake [22, 33]. Thus,

approaches involving increase of physical activity and
targeted muscle training are warranted in combination
with weight reduction diets.
In the present study, we did not observe differences in

dietary intake between the patient groups. A careful
evaluation of the 24 h recalls revealed underreporting
especially in the obese patients, who had lower energy
intakes than lean or overweight patients. This is a known
phenomenon [34, 35] that should be acknowledged in
the evaluation of dietary intake [36]. As obesity (and
thus underreporting) was much more prevalent in CKD
and renal transplant patients than in the ESRD-HD pa-
tients, it can be argued that probably the true energy in-
take was lower in ESRD-HD than in CKD and renal
transplant. A sensitivity analysis, where all patients with
BMI > 30 kg/m2 were removed showed that average en-
ergy intake increased in CKD and renal transplant, but
there were still no significant differences between the pa-
tient groups (data not shown).
The high prevalence of sarcopenia can both be attrib-

uted to the age of the patients which was on average
over 60, and the kidney disease in conjunction with the
common comorbidities in these patients. We did not
assess physical activity in the patients, but it can be
assumed that many of them had a sedentary lifestyle as
reported by others [37] and which is also associated
with low muscle muss and muscle strength. As sarcope-
nia is associated with lower quality of life [38, 39], more
attention should be awarded to the condition and
lifestyle changes to slow down the process should be
encouraged [40].
Protein intake is a major concern in renal disease.

While CKD patients are advised to limit their protein
intake, ESRD-HD patients should have a high protein
intake of 1.2 g/kg body weight. Protein intake was simi-
lar in the three patient groups, indicating on average high
protein intake in CKD patients and low protein intake in
ESRD-HD. A protein intake of less than 0.8 g/kg BW was
reported in 26% of the patients with ESRD, and was
associated with nutritional risk in this group of patients.
Protein intake of less than 0.6 g/kg BW was reported in
20% of CKD patients. More focus on nutritional education
including dietary protein at all stages of renal disease
would probable enable more patients to follow a diet ad-
equate in protein.
The study had several advantages and limitations.

Advantages of the present study were that the study pa-
tients represent typical and well-documented patients
with renal disease of a tertiary hospital, the comprehensive
assessment of nutritional status, including nutritional
screening, anthropometric measurements, body compos-
ition measurement and clinical variables combined with
dietary assessment. Three different groups of patients
suffering from kidney diseases with or without renal

Table 3 New

Odds ratio (95% confidence interval)

Multivariate logistic regression with Sarcopenia as dependent variable

CKD patients (reference)
ESRD-HD
Renal transplant

0.31 (0.08, 1.25)
0.80 (0.35, 1.83)

Gender (female =1) 2.87 (1.27, 6.48)

Age (per year increase) 1.10 (1.06, 1.14)

Prescribed medications (per no. increase) 1.19 (1.07. 1.32)

BMI (per unit increase) 0.92 (0.85, 0.99)

Table 4 New

Odds ratio (95% confidence interval)

Multivariate logistic regression with ‘central obesity’ as dependent
variable

CKD patients (reference)
ESRD-HD
Renal transplant

2.12 (0.55, 8.18)
2.00 (0.71, 5.62)

Diagnosis of diabetes mellitus 3.10 (1.20, 8.03)

Fat mass (increase in 1 kg) 1.29 (1.20, 1.39)
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replacement therapy were included which allows to mirror
the development of nutritional status during the course of
the disease. All analyses have been made in a highly stan-
dardized way.
Among the limitations, it has to be mentioned that the

study lacked an assessment of physical activity, that under-
reporting limited the use of the dietary data, and that
future studies should also include a follow up to investi-
gate the importance of nutritional status on the course of
the disease. The number of patients on hemodialysis is ra-
ther low and this makes it difficult to draw more general
conclusions. Also, we did not include patients on periton-
eal dialysis. Other limitations that apply include that we
did not have a non-CKD, age-matched control group, and
no 24-h urine samples due to logistic reasons e.g. to assess
normalised protein catabolic rate (nPCR) as a more ob-
jective marker for protein intake. Another limitation is the
single 24-h recall, which is less accurate than two or more
24-h recalls. The cut-off values for sarcopenia were de-
rived from a population without kidney disease, and the
applicability to renal patients may be questioned.
In conclusion, the study showed that nutritional prob-

lems are highly prevalent at all stages of renal disease, with
sarcopenia and obesity being the most prevalent conditions
in CKD and renal transplant patients, while ESRD-HD pa-
tients also show a high prevalence of nutritional risk. The
high prevalence of central obesity and sarcopenic obesity
warrants attention.
Future studies should focus on treatment of obesity in

renal disease with concurrent focus on maintenance of
muscle mass. Most urgently, all CKD patients with
stages ≥3 should strongly be advised to increase their
physical activity in formalized programs especially for re-
duction of central obesity and sarcopenia.

Conclusion
The present study shows that nutritional disturbances are
common in patients with chronic kidney disease, with a
predominance of sarcopenia and central obesity. These
cannot easily measured by weight and height, but need de-
termination of body composition and waist circumference.
As both are associated with unfavorable health outcomes,
these additional measurements are strongly recommended
in patients with chronic kidney disease regardless of renal
replacement therapy.
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Objective: Chronic kidney disease (CKD) is associated with metabolic, nutritional, and extra-renal changes, as well as a high rate of

comorbidities, which necessitates the prescription of numerousmedications. Patients with CKD often experience poor nutritional status

related to disease severity and prescribed medication; however, this association has not been investigated in depth. Therefore, this

study aimed at investigating the association between prescribed medication and nutritional status in patients with CKD.

Methods: Assessment of nutritional status was performed using anthropometric and functional measurements and by biochemical

measures. Patient history and the number and type of currently prescribed medications were collected from patients’ records. We eval-

uated the total number and the number of specific medicines with common or very common side-effects of nausea or xerostomia.

Results: Two hundred seventeen patients with CKDwere included in this cross-sectional study (n5 112with pre-dialysis CKD stages

3-5, n5 33 with hemodialysis, and n5 72 with kidney transplant). On average, patients were prescribed nine medications concurrently.

The number of prescribedmedicationswas inversely associatedwithmid-upper arm circumference, skinfold thickness triceps, handgrip

strength, serumalbumin, andhemoglobin after adjustment for age, sex, and kidney function. Prescription ofmedicationswith nauseaasa

side-effect showed similar associations, whereas prescription ofmedicationswith xerostomia as a side-effect was associatedwith lower

handgrip strength.

Conclusion: Medication prescription was associated with poor nutritional status in patients with CKD, and monitoring of nutritional

status in patients with CKD with long medication lists is warranted to identify and treat patients with poor nutritional status.

Keywords: nutritional status; chronic kidney disease; pharmacotherapy; medication prescription; polypharmacy; xerostomia;

nausea; hemodialysis; kidney transplantation

� 2021 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article under the
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Introduction

DISEASE PROGRESSION IN chronic kidney disease
(CKD) is associated with major metabolic, nutri-

tional, and extra-renal changes, all associated with increased
use of pharmacotherapy. In addition, the treatment of end-
stage kidney disease (ESKD), either by dialysis or transplan-
tation, requires specific medication to be successful, adding
to the list of prescribed medications and subsequently poly-
pharmacy in these patients.1,2

As the kidney function declines, dietary intake and
metabolism of nutrients will be affected, increasing the
occurrence and severity of poor nutritional status.3,4

These may include both obesity and undernutrition, as
well as changes in nutrient metabolism.5,6 Therefore, a
thorough assessment of nutritional status is required,
including anthropometric measurements, functional tests,
and biomarkers such as albumin and hemoglobin.7-9

Several anthropometric measurements have been
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associated with long-term outcomes among hospitalized
or elderly populations in general.8,10 A poor nutritional
status in patients with CKD has been associated with
increased morbidity and mortality underscoring
the importance of identification and treatment of this
condition.10-12

Prescription of medications may expose the patient to
side-effects, which are usually distinguished as per severity
and occurrence. When investigating the association of
medication prescription and nutritional status, it may be
useful to classify medications as per side-effects which
may affect nutritional status. Such side-effects include
nausea and xerostomia that may have implications on nutri-
tional status by directly affecting appetite, the ability to
chew and swallow, and dietary intake.13,14

Nausea is a common side-effect of numerous medica-
tions. Specifically, chemotherapy-induced nausea has
been associated with malnutrition.15 However, the associ-
ation between nausea as a side-effect of medications and
nutritional status is not fully understood. Xerostomia is
listed as a side-effect of more than 500 medications,
including anticholinergic (tricyclic antidepressants, di-
uretics, antihistamines) and sympathomimetic medicines
(antihypertensives, antidepressants). The association be-
tween xerostomia and malnutrition has been investigated
mainly in the elderly; however, studies show contradicting
results.16-18

To our knowledge, the association between nutritional
status and the number of prescribed medications or their
nutritional-related side-effects has not yet been investigated
in patients with CKD. The study aimed to describe the pre-
scribed medications in patients at different stages of treat-
ment of CKD and to investigate the association of
prescribed medications and nutritional status. We hypoth-
esize that an increasing number of prescribed medications
is associated with poor nutritional status. In addition, we
hypothesize that the prescribed medications with
nutrition-related side-effects may be specifically associated
with poor nutritional status.

Patients and Methods
Adult, predominantly Caucasian, patients at different

stages of CKD were included in this cross-sectional obser-
vational study. The patients were recruited fromNovember
2014 until July 2018. Because of the limited research in this
field with a lack of knowledge on variability among subjects
and effect size, no formal power calculation was performed.
Instead, we aimed to include as many patients as possible.
The study was approved by the Regional Committee for
Medical and Health Research and conducted following
the principles of the Helsinki Declaration.

Eligible patients had an established CKD stage 3-5 or
were patients with ESKD treated with either hemodialysis
or kidney transplantation. The patients had to be aged
.16 years and be able to speak and understand Norwegian

or English. Patients with a life expectancy under 6 months
were not considered for participation in the study. Written
and informed consent was collected before study participa-
tion. Requirements for predialysis patients were CKD stage
3-5 without dialysis; for hemodialysis patients, the require-
ment was current hemodialysis treatment in a steady state,
and the transplanted patients had to have a successful kidney
transplant with stable graft function. Kidney function was
determined by the estimated glomerular filtration rate
(eGFR) calculated by the CKD-Epi equation based on
creatinine measures.19 CKD stages were classified by the
eGFR in accordance with Kidney Disease–Improving
Global Outcomes.20

Information on prescribed medication was obtained from
electronic patients’ records. Medications were classified as
per the Anatomical Therapeutic Chemical classification sys-
tem into the first and fifth levels,which dividemedications as
per the organ or system on which they act and the medica-
tion’s chemical structure.21 Polypharmacywas defined as the
prescription of five or more medications simultaneously,
and excessive polypharmacy was defined as the prescription
of ten or more medications at the same time.2

Considering the high number of different medications
prescribed, medications were grouped as per their
nutrition-related side-effects xerostomia and nausea. A
nutrition-related side-effectwas notedwhen itwas described
as common (.1/100-, 10/1) or very common (.1/10) in
the Norwegian Pharmaceutical Product Compendium
(‘‘Felleskatalogen’’) or ‘‘Norsk legemiddelh�andbok’’.22 A
complete list of medications prescribed to the study popula-
tion as per the relevant side-effects is presented in Table S1.
Nutritional status was determined using anthropometric

measurements of height, weight, body mass index (BMI),
mid-upper arm circumference (MUAC), skinfold thickness
triceps (SFT triceps), and waist circumference (WC).
MUAC was measured with a nonflexible measure tape at
the midpoint between the olecranon and acromion on
the nondominant arm in a relaxed position. SFT triceps
was measured at the same midpoint, with a Lange skinfold
caliper (Quick Medical, Issaquah, USA), and the mean
value of three measures was used. WC was measured
with a nonflexible measure tape at the midpoint between
the superior border of the iliac crest and the lower rib
bones. BMI and central obesity were classified by using
World Health Organization’s cutoffs.23,24 Muscle strength
was estimated by handgrip strength (HGS) which was
measured with a Jamar hydraulic hand dynamometer (Sam-
mons Preston, Bolingbrook, IL, USA) with the patient
sitting on a chair without an armrest bending the arm at a
90-degree angle at the elbow. The highest measure of three
measurements of the dominant side was applied. Nonfast-
ing blood samples were obtained (before hemodialysis in
patients receiving hemodialysis) and analyzed with standard
methods. An overview of missing measurements for each
measure is provided in Table S2.
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Data Analysis
Patients were grouped in three different ways: first, as per

the current treatment of CKD (predialysis, dialysis, or
transplant) and second, as per their CKD stage defined by
the eGFR.20 Third, patients were grouped as per the pre-
scribed medications with nutrition-related side-effects xe-
rostomia and nausea. The groups are presented with
means, standard deviations, and P-values from unadjusted
regression analysis for the different characteristics. The as-
sociation between the number of prescribed medications
and the different measurements of nutritional status was
investigated by linear regression analysis adjusted for age,
sex, and eGFR. Differences in measurements of nutritional
status were also estimated as per the prescriptions of medi-
cations with nutrition-related side-effects, followed by
linear regression analysis with adjustment for sex, age,
eGFR, and the total number of prescribed medications.
Statistical analyses were performed using R software,
version 3.4.3, (The R Foundation for Statistical
Computing, Vienna, Austria) and the packages within
the ‘‘Tidyverse’’.25

Results
Study Population
A total of 217 patients with CKD were included in this

study; of those, 112 patients were with predialysis CKD
stages 3-5, 33 patients were with ESKD receiving hemodi-
alysis, and 72 patients were kidney transplanted patients.
Characteristics of the study population as per the treatment
group are given in Table 1, whereas Table S3 shows charac-

teristics as per the CKD stage. Most of the participants were
male (71%), and the mean age was 60 years (standard devi-
ation 25.8), ranging from 21 to 89 years. The kidney trans-
planted patients had the highest mean eGFR and were also
the treatment group with the lowest mean age. Nephropa-
thy caused by diabetes or hypertension was the most com-
mon primary kidney disease in the study population (28%),
followed by glomerular disease (25%) and polycystic or un-
specified cystic kidney disease (14%).

Prescribed Medications
An overview of the number of prescribed medications in

the study population is given in Figure 1. On average, pa-
tients were prescribed approximately nine medications,
and in total, 216 different medications were prescribed for
the total study population. Polypharmacy was present in
84% of the patients, and excessive polypharmacy was pre-
sent in 37%.
An overview of the prescribed medications in the study

population as per Anatomical Therapeutic Chemical classi-
fication system level 1 is given in Figure S1. Most patients
had prescriptions from group C—cardiovascular system
(94%)—and from group A—alimentary tract and meta-
bolism (84%). For the most frequently prescribed medica-
tions, their modal dose per application and the percentage
of patients per group receiving the specific medications are
presented in Table S4.
When grouping the medications as per nutrition-

related side-effects, 143 (66%) of the patients were pre-
scribed at least one medication with nausea as a side-

Table 1. Characteristics of the Study Population As Per Treatment Groups

Variable Total CKD 3-5 ESKD-HD ESKD-TX

P-valuen 217 112 33 72

Male patients 154 (71) 79 (70.5) 24 (72.7) 51 (70.8) .807

Age, years 60.4 (15.8) 62.6 (16.4) 59.5 (17.9) 57.4 (13.4) .091

Number of medicines 8.8 (4.6) 6.8 (3.7) 15.1 (4.3) 9.1 (3.1) ,.001

BMI, kg/m2 26.9 (4.8) 27.8 (5.1) 24.3 (3.6) 26.6 (4.5) .001
eGFR, mL/min/1.73 m2 33.3 (22) 27.9 (11.6) 6.97 (3.51) 53.8 (21.7) ,.001

Systolic BP, mmHg 137 (19) 135 (17) 154 (25) 132 (14) ,.001

Diastolic BP, mmHg 76 (10) 77 (10) 72 (14) 78 (8) .042

Albumin, g/L 42.8 (3.4) 43.1 (3.2) 40.9 (4) 43.1 (3) .002
Hemoglobin, g/dL 12.9 (1.9) 12.9 (1.6) 11.4 (1.6) 13.7 (2) ,.001

Creatinine, mg/dL 3.19 (2.70) 2.66 (1.28) 8.45 (2.58) 1.58 (0.72) ,.001

Urea, mmol/L 15.9 (7.8) 16.8 (6.9) 22.9 (7.6) 11.4 (6.3) ,.001
CRP, mg/L 6.0 (13.9) 6.5 (12.6) 10.5 (25.6) 3.4 (4.2) .046

Glucose, mg/dL* 117.1 (48.6) 112.1 (45.0) 132.4 (68.5) 114.4 (37.8) .102

HbA1c, mmol/L 41.8 (10.7) 42.5 (10.9) 39.5 (13.3) 41.7 (9.2) .459

Kt/V n.a. n.a. 1.14 (0.36) n.a. n.a.
Years on dialysis n.a. n.a. 2.5 (1.9) n.a. n.a.

Years since transplantation n.a. n.a. n.a. 11.5 (8.5) n.a.

BMI, body mass index; BP, blood pressure; CKD 3-5, predialysis chronic kidney disease stage 3-5; CRP, C-reactive protein; eGFR, estimated

glomerular filtration rate; ESKD-HD, end-stage kidney disease–hemodialysis; ESKD-TX, end-stage renal disease–kidney transplanted; HbA1c,
glycated hemoglobin; n.a., not applicable.

Continuous variables are presented as means (SD), and categorical variables are reported as counts (%). Treatment groups are compared by

mean linear (continuous variables) or logistic (categorical variables) regression.

*Nonfasting blood samples.
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effect (36 different medications) and 51 (24%) with xero-
stomia as a side-effect (21 different medications)
(Figure S2). Characteristics of patients as per the medica-
tion prescriptions with nutrition-related side-effects are
presented in Table S5a-b. There was a positive association
between the number of prescribed medications with
either nausea or xerostomia as a side-effect and the total
number of prescribed medications and a negative associa-
tion between these medications and eGFR.

Nutritional Status
An overview of measurements of nutritional status as per

treatment groups is presented in Table 2. Description of
nutritional status as per the CKD stage is presented in
Table S6. In total, 133 patients (62%) were either over-
weight or obese (BMI .25 kg/m2), and 104 patients
(48%) had central obesity (WC . 102 cm for men and
88 cm for women). A higher proportion of female patients
(62%) was identified with central obesity compared with

Table 2. Measurements of Nutritional Status As Per Treatment Groups

Variable Total CKD 3-5 ESKD-HD ESKD-TX

P-valuen 217 112 33 72

BMI, kg/m2 26.9 (4.8) 27.8 (5.1) 24.3 (3.6) 26.6 (4.5) .001
Waist circumference, cm

Male 100 (14) 102 (14) 93 (13) 101 (13) .028

Female 93 (14) 93 (14) 94 (14) 90 (14) .690

Central obesity, n* 104 (47.9) 58 (51.8) 10 (30.3) 36 (50) .026
MUAC, cm

Male 31.6 (4.3) 32.7 (4.8) 28.7 (3.4) 31.2 (3.0) ,.001

Female 30.5 (4.7) 32.1 (4.8) 28.7 (4.7) 28.8 (3.7) .018
SFT triceps, mm

Male 18.9 (7.9) 21.5 (7.5) 12.9 (5.9) 17.7 (7.7) ,.001

Female 25.9 (9.7) 29.0 (9.2) 22.2 (10.6) 22.7 (8.7) .028

Handgrip strength, kg
Male 35.5 (7.9) 35.1 (11.9) 34.2 (11.6) 36.6 (9.7) .632

Female 22 (8.2) 22.9 (10.1) 21.0 (7.0) 21.0 (5.0) .611

CKD 3-5, pre-dialysis chronic kidney disease stage 3-5; ESKD-HD, end-stage kidney disease–hemodialysis; ESKD-TX, end-stage kidney

disease–renal transplanted; MUAC, mid-upper arm circumference; SFT, skinfold thickness.
Continuous variables are presented as mean (SD), and categorical variables are reported as counts (%). Treatment groups are compared by

mean linear (continuous variables) or logistic (categorical variables) regression.

*Identified as waist circumference exceeding cutoff values of 102 cm for men and 88 cm for women, as suggested by the World Health

Organization.23

Figure 1. Overview of number of prescribed medicines in the study population. The average number of prescribed medicines
was 8.8, shown as the black line, and 84% of the patients were prescribed $5 medicines, indicating polypharmacy, shown in
dark gray bars.
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male patients (42%). Eighty (37%) patients were normal
weight (BMI 18.5-24.9 kg/m2), and 3 patients were under-
weight (BMI,18.5 kg/m2).

Number of Prescribed Medications and
Nutritional Status
A linear regression analysis was conducted to investigate

the association between the number of prescribed medica-
tions and different measures of nutritional status. All ana-
lyses were adjusted for age, sex, and eGFR. The
association of the ß-estimates of one additional medication
on the change of a respective marker of nutritional status is
presented in Figure 2. Inverse associations were observed
between the number of medications and MUAC, SFT tri-
ceps, HGS, hemoglobin, and serum albumin.

Type of Prescribed Medications and
Nutritional Status
Prescribed medications with xerostomia or nausea as a

side-effect were further investigated in a linear regression
analysis, with adjustment for sex, age, eGFR, and the total
number of prescribed medications. Medications with
nausea as a side-effect were associated with lower MUAC,
SFT triceps, albumin, and hemoglobin (Fig. 3), whereas
medicationswith xerostomia as a side-effect were associated
with lower HGS (Fig. 4).

Discussion
In this study, we have described the number and type of

medications prescribed and the nutritional status of patients
with CKD, including patients with predialysis CKD stage
3-5, patients receiving hemodialysis, and kidney trans-
planted patients. The main findings are a high prevalence
of polypharmacy and excessive polypharmacy (84% and
37%, respectively), a high prevalence of overweight and
obesity (62%), but a low prevalence of underweight
(1.4%). When nutritional status was described with addi-
tional measures (MUAC, SFT triceps, HGS, albumin,
and hemoglobin), we observed an association between an
increased number of prescribed medications and poorer
outcomes of these measures. We also observed associations
of medications with nutritional-related side-effects of
nausea and xerostomia with measurements of nutritional
status.
The number of prescribed medications or the prevalence

of polypharmacy tends to increase with age and varies pro-
foundly among countries.26 However, the literature on the
association between polypharmacy and nutritional status is
scarce.27,28 Indeed, we did not identify a single study inves-
tigating this in a population with CKD. Reasons for this
may include the heterogeneous nature of the patient group
and disease progression which is also reflected in the high
number of different medications prescribed in our study
population. The number of prescribed medications was

Figure 2. Association of the number of medicines and nutritional status. Linear regression analysis is adjusted for age, sex, and
eGFR. BMI, body mass index; CRP, C-reactive protein; HGS, hand-grip strength; MUAC, mid-upper arm circumference; SFT,
skinfold thickness.
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highest among those with the most advanced kidney fail-
ure, the patients receiving hemodialysis. Among patients
receiving hemodialysis or those with a kidney transplant,
almost every patient was prescribed heparin or prednisone,
respectively. Among patients with predialysis CKD, there
was much more variation in the medication prescriptions
(Table S4). This heterogeneity in medication prescription

as well as differences in group size of the treatment groups
precluded more specific analysis of treatment groups.
The findings from our study suggest that patients with

CKDwith an increasing number of prescribed medications
are at risk of reduced nutritional status, also after adjustment
for age and kidney function.We included several markers of
nutritional status, which allowed us to cover both under-

Figure 3. Association between medicines with nausea as a side-effect and markers of nutritional status. Nausea was noted as a
side-effect of medicines when the side-effect was described as a common (.1/100-, 10/1) or very common (.1/10) side-effect
in the Norwegian Pharmaceutical Product Compendium (‘‘Felleskatalogen’’) or ‘‘Norsk legemiddelh�andbok’’.22 Linear regression
analysis is adjusted for age, sex, eGFR, and total number of prescribed medicines. BMI, body mass index; CRP, C-reactive pro-
tein; HGS, hand-grip strength; MUAC, mid-upper arm circumference; SFT, skinfold thickness; WC, waist circumference.

Figure 4. Association between medicines with xerostomia as a side-effect and markers of nutritional status. Xerostomia was
noted as a side-effect of medicines when the side-effect was described as a common (.1/100- , 10/1) or very common
(.1/10) side-effect in the Norwegian Pharmaceutical Product Compendium (‘‘Felleskatalogen’’) or ‘‘Norsk legemiddelh�and-
bok’’.22 Linear regression analysis is adjusted for age, sex, eGFR, and the total number of prescribed medicines. BMI, body
mass index; CRP, C-reactive protein; HGS, hand-grip strength; MUAC, mid-upper arm circumference; SFT, skinfold thickness;
WC, waist circumference.
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and over-nutrition, biomarkers of nutritional status as well
as body composition and muscle function. To date, no spe-
cific biomarker of nutritional status has been established,
although biochemical measures such as hemoglobin and
serum albumin are already widely used in the assessment
of nutritional status. However, hemoglobin is influenced
by treatment of CKD, medications, gastrointestinal bleed-
ings, diet, and others and therefore an unspecific marker
of nutritional status. In addition, albumin is an unspecific
marker, as it is mainly influenced by inflammation.29 These
results should, however, not be interpreted as a suggestion
to remove prescribed medications but rather to raise aware-
ness of the possible implications of longmedication lists and
the importance of both assessment and monitoring nutri-
tional status in patients with CKD.
The huge number of different medications prevented the

further investigation of single medications, and therefore,
we grouped and analyzed medications as per their
nutritional-related side-effects. This has, to our knowledge,
not been applied as a method before. Although we did not
control the occurrence of these side-effects, we observed
that medications with nausea as a side-effect were associated
with lower BMI, MUAC, and SFT triceps, whereas medi-
cationswith xerostomia as a side-effect were associatedwith
lower HGS. This may be of importance as lower MUAC,
SFT triceps, and HGS may be an indication of reduced
muscle status and, thus, a sign of malnutrition.30-32

Muscle status has also been associated with an increased
risk of morbidity and mortality in patients with CKD.33

To our knowledge, the association of nausea as a side-
effect of prescribed medications and nutritional status has
not been investigated in patients with CKD before; howev-
er, a recently published study has identified a high preva-
lence of nausea in a population of patients with ESKD.34

In this study, taste changes were associated with both nausea
and malnutrition. In other conditions, it is known that
nausea is associated with malnutrition, e.g., in cancer, liver
disease, and pregnancy.35-37 In our study, 216 different
medications were prescribed to the study population, and
of these medications, 17% had nausea as a common (.1/
100-.1/10) or very common (.1/10) side-effect.
Prescription of at least one such medication was present
in two-thirds of our patients, and 14% of the patients had
three or more of such medications prescribed. Therefore,
the findings of our study suggest that nutritional status
should be closely monitored in patients receiving medica-
tions with nausea as a common or very common side-
effect.
The recently published guidelines on nutrition in CKD

by The National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative recommend both regular
and comprehensive assessment of nutritional status, by a
registered dietitian nutritionist or international equivalent.7

Our findings support that assessment of nutritional status in
patients with CKD is complex and that the simple measure-

ment of weight and height followed by calculation of BMI
is not sufficient.
We observed a profound lack of literature on medication

prescription or use and nutritional status in patients with
CKD. Even though this field is complex, our study may
highlight possible associations between medication pre-
scriptions and poor nutritional status in patients with
CKD which potentially could be identified and treated.
In the present study, data collection and interpretation of
the results required close collaboration between different
specialties and professions, including physicians, nurses,
pharmacists, and dietitians. It has been earlier documented
that such collaboration is urgently needed and is associated
with improved results of interdisciplinary research.38

The study has several limitations. As this is a cross-
sectional study, we cannot derive causal relationships. In
addition, the analysis of polypharmacy did not follow a pre-
specified hypothesis but was rather driven by the over-
whelming number of medications observed and the lack
of available literature. In addition, the data on prescribed
medications were collected from patients’ records, and we
do not know to which degree this reflects their actual
intake. This may reduce the generalization of the study
findings. In addition, we did not account for over-the-
counter medicines. We did not analyze the dosage of the
different medications or the total spectra of comorbidities
or side-effects. In addition, side-effects were not verified
in the individual patients. We did not apply clinical tests,
e.g. oral dryness, (hyposalivation, chewing problems) nor
did we assess the occurrence of nausea. In addition, we
did not assess physical activity.
As there are no previous studies investigating polyphar-

macy and nutritional status in patients with CKD, this study
contributes to fill in a knowledge gap. Further strengths of
the study include our comprehensive assessment of nutri-
tional status. The collaboration of different groups of health
professionals made these analyses possible and facilitated the
design of a new approach for structuring prescribed medi-
cations. Larger longitudinal studies are warranted to
confirm our findings based on this new method of catego-
rizing medications and to further map the effect of specific
medications on nutritional status.

Conclusion
In this study, medication prescriptions were associated

with poor nutritional status in patients with CKD. Moni-
toring of nutritional status in patients with CKD with
long medication lists is warranted to identify and treat pa-
tients with poor nutritional status. The methodology in
our study offers a new approach to categorize medications,
and larger longitudinal studies should be conducted to
confirm our findings. Future studies should also focus on
the mechanisms behind the observed associations between
prescribed medications and nutritional status and offer a
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more comprehensive analysis of both side-effects and spe-
cific medications for patients with CKD.

Practical Application
In this study, patients with a high number of prescribed

medications were at risk of a poor nutritional status. The as-
sociation was especially evident by a comprehensive assess-
ment, including factors beyond height, weight, and BMI.
In particular, nutritional status was poor in patients who
had been prescribed medications with common or very
common side-effects of nausea, accounting for 66% of pa-
tients in our population. These findings suggest that special
attention should be paid to the nutritional status of patients
with CKD with long medication lists. A wider assessment
of nutritional status including measurements such as
MUAC, SFT triceps, and HGS should be conducted regu-
larly to identify potential challenges of nutritional status and
address these accordingly in patients with CKD.
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Table S1: Active substances with nutrition-related side-effects 

Xerostomia  

N02A X02 Tramadol G04B D07 Tolterodine N02A E01 Buprenorphine 

N05A D01 Haloperidol N02A B03 Fentanyl N03A X16 Pregabalin 

N06A B05 Paroxetine N03A X12 Gabapentin N05A H04 Quetiapine 

N06A X11 Mirtazapine N05A H03 Olanzapine N05C F01 Zopiclone 

R06A X22 Ebastine N05B B01 Hydroxyzine N06A B04 Citalopram 

N06A X16 Venlafaxine N06A A09 Amitriptyline N06A B10 Escitalopram 

N06A B06 Sertraline R06A E07 Cetirizine R06A X27 Desloratadine  

Nausea 

A07E C01 Sulfasalazine A07E C02 Mesalazine A10B A02 Metformin 

A10B J02 Liraglutide B03A A01 Ferrous glycine sulfate B03A A07 Ferrous sulfate 

C01B D01 Amiodarone H05B X01 Cinacalcet H05B X02 Paricalcitol 

L04A A06 Mycophenolic acid L04A A10 Sirolimus L04A D01 Ciclosporin 

L04A D02 Tacrolimus L04A X03 Methotrexate M04A C01 Colchicine 

N02A A01 Morphine N02A B03 Fentanyl N02A E01 Buprenorphine 

N02A X02 Tramadol N03A X09 Lamotrigine N03A X12 Gabapentin 

N03A X14 Levetiracetam N03A X16 Pregabalin N05A D01 Haloperidol 

N05A N01 Lithium N05B B01 Hydroxyzine N05C F02 Zolpidem 

N06A B04 Citalopram N06A B06 Sertraline N06A B10 Escitalopram 

N06A X11 Mirtazapine N06A X16 Venlafaxine  N06D A02 Donepezil 

V03A E01 Polystyrene sulfonate V03A E02 Sevelamer V03A E03 Lanthanum carbonate 

Medicines associated with a nutrition-related side-effect are defined according to information on common (>1/100 

- <1/10) and very common (>1/10) side-effects of medicines from the Norwegian Pharmaceutical Product 

Compendium (Felleskatalogen), Norsk legemiddelhåndbok (22) and ATC/DDD Index 2019 by WHO Collaborating 

Centre for Drug Statistics Methodology.  



Table S2: Missing measurements according to treatment group   

 Total population 

n = 217 

CKD 3-5 

n = 112 

ESRD-HD 

n = 31 

ESRD-TX 

n = 72 

BMI 1 1 0 0 

Systolic BP 4 2 2 0 

Diastolic BP 5 2 2 1 

Albumin 9 6 0 3 

Hemoglobin 5 3 0 2 

Creatinine 3 3 0 0 

Urea 4 4 0 0 

CRP 7 6 0 1 

Glucose  15 8 0 7 

HbA1c 41 16 9 16 

WC 3 2 0 1 

MUAC 1 0 0 1 

SFT triceps 1 0 0 1 

HGS 2 1 1 0 

All values presented as counts. BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; 

HGS, handgrip strength; MUAC, mid-upper arm circumference; SFT, skinfold thickness; WC, waist 

circumference.  



Table S3: Characteristics of the study population according to CKD stage 

Variable Total CKD stage p-value 

  

1+2 3a 3b 4 5 

 
n 217 31 27 46 64 49 

 
Female patients 63 (29) 9 (29) 6 (22.2) 12 (26.1) 20 (31.2) 16 (32.7) 0.556 

Age, years 60.4 (15.8) 54.9 (14.3) 58.4 (12.5) 58 (15.1) 62.3 (16.4) 64.8 (17.3) 0.039 

Number of medicines 8.8 (4.6) 7.9 (2.4) 8.4 (4.3) 6.5 (3.6) 7.9 (3.9) 13 (4.9) <0.001 

BMI, kg/m2 26.9 (4.8) 27.5 (5.0) 28.6 (5.6) 27.3 (4.6) 26.5 (4.7) 25.6 (4.5) 0.079 

eGFR, ml/min/1.73m2 33.3 (22.0) 74.6 (10.0) 49.8 (4.1) 37.3 (4.3) 22.7 (3.9) 8.1 (3.3) <0.001 

Systolic BP, mmHg 137 (19) 130 (12) 133 (15) 132 (17) 136 (19) 149 (23) <0.001 

Diastolic BP, mmHg 76 (10) 77 (8) 78 (9) 78 (9) 77 (11) 73 (12) 0.226 

Albumin, g/L 42.8 (3.4) 43.9 (2.5) 42.7 (3.8) 43.5 (2.8) 42.7 (3.2) 41.4 (3.9) 0.008 

Hemoglobin, g/dL 12.9 (1.9) 14.7 (1.8) 13.9 (1.5) 13.1 (1.6) 12.8 (1.3) 11.4 (1.5) <0.001 

Creatinine, mg/dL 3.19 (2.70) 1.05 (0.15) 1.43 (0.14) 1.82 (0.27) 2.75 (0.60) 7.32 (2.79) <0.001 

Urea, mmol/L 15.9 (7.8) 6.8 (1.7) 9.8 (2.9) 13.3 (4.1) 18.7 (6.6) 23.7 (6.6) <0.001 

CRP, mg/L 6.0 (13.9) 3.0 (3.5) 3.9 (4.5) 4.7 (6.3) 5.1 (6.7) 11.4 (26.2) 0.036 

Glucose, mg/dL* 117.1 (48.6) 120.7 (36.0) 118.9 (46.8) 106.3 (27.0) 106.3 (32.4) 135.1 (75.7) 0.013 

HbA1c, mmol/L 41.8 (10.7) 40.5 (8.2) 42 (10.6) 42.3 (10.5) 41.1 (8.8) 43.3 (14.9) 0.861 

Years on dialysis  2.5 (1.9) n.a. n.a. n.a. 5.3 (n.a.) 2.36 (1.9) n.a. 

Years since transplantation 11.5 (8.5) 10.1 (8.8) 9.93 (6.44) 15.4 (10.6) 12.4 (6.5) 10.4 (NA) n.a. 

Continuous variables are presented as mean (SD) and categorical variables are reported as counts 

(%). CKD stages compared by mean linear (continuous variables) or logistic (categorical variables) 

regression. CKD stages are classified according to estimated glomerular filtration rate, as suggested 

by Kidney Disease Improving Global Outcomes (20).  

*Non-fasting blood samples. 

BP, blood pressure; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HbA1c, 

glycated hemoglobin; n.a., not applicable.  



Table S4: Most frequent medicines and modal dosages prescribed by treatment groups 

Group Medicine Modal dosage Prevalence within group 

CKD 3-5 A11C C03 

B01A C06 

C10A A01 

Alfacalcidol  

Acetylsalicylic acid  

Simvastatin 

0.25 µg 

75 mg  

40 mg  

45 %  

32 % 

30 % 

ESRD-HD B01A B04 

A11C C03 

B03A C- 

Dalteparin  

Alfacalcidol  

Iron (parenteral) 

1429 IU 

0.25 µg 

14 mg  

97 % 

78 % 

73 % 

ESRD-TX H02A B06 

L04A A06 

C10A A04  

Prednisolone 

Mycophenolic acid 

Fluvastatin 

5 mg  

1500 mg  

80 mg  

97 % 

76 %  

63 %  

CKD 3-5, Pre-dialysis chronic kidney disease stage 3-5; ESRD-HD, End-stage renal disease – 

hemodialysis; ESRD-TX, End-stage renal disease – renal transplanted; IU, international units.  

 



Table S5a: Description of the study population according to prescription of medicines 

with nausea as a side-effect  

Variable Total 0 1 2 >3 p-value 

n 217 74 49 63 31 

 
BMI, kg/m2 26.9 (4.8) 27.6 (5.3) 27.3 (4.5) 26.7 (4.7) 24.8 (4) 0.0429 

MUAC, cm  31.3 (4.4) 32.6 (4.6) 31.5 (4.9) 30.8 (3.9) 28.8 (3.1) <0.001 

SFT triceps, mm 21 (9) 23.4 (8.9) 21.7 (9) 20.1 (8.8) 15.9 (7.7) <0.001 

HGS, kg 29.6 (11.6) 29.8 (11.2) 29 (11.9) 31 (11.2) 27.3 (12.7) 0.5306 

Albumin, g/L 42.8 (3.4) 43.5 (2.6) 42.4 (3.5) 42.8 (3.5) 41.4 (4.2) 0.0292 

Hemoglobin, g/dl 12.9 (1.9) 13.2 (1.4) 12.7 (2) 13.1 (2.3) 12.4 (1.6) 0.1626 

Female patients 63 (29 %) 20 (27 %) 18 (36.7 %) 17 (27 %) 8 (25.8 %) 0.2555 

Age, years 60.4 (15.8) 63.7 (16.4) 59.1 (15.1) 57.1 (14.4) 61.4 (17.4) 0.0924 

Number of medicines 8.8 (4.6) 5.8 (3.0) 7.8 (3.3) 10.5 (4.0) 14.1 (4.4) <0.001 

eGFR, ml/min/1.73m2 33.3 (22) 29.6 (12.1) 30.8 (19.2) 43.6 (27.2) 25.1 (26.1) <0.001 

Medicines associated with a nausea as a side-effect are defined according to information on common (>1/100 - 

<1/10) and very common (>1/10) side-effects of medicines from the Norwegian Pharmaceutical Product 

Compendium (Felleskatalogen), Norsk legemiddelhåndbok (22) and ATC/DDD Index 2019 by WHO Collaborating 

Centre for Drug Statistics Methodology. Continuous variables are presented as mean (SD) and categorical 

variables are reported as counts (%). BMI, body mass index; MUAC, mid-upper arm circumference; SFT, 

skinfold thickness; HGS, handgrip strength; eGFR, estimated glomerular filtration rate. 



Table S5b: Description of the study population according to prescription of medicines 

with xerostomia as a side-effect  

Variable Total 0 1 >2 p-value 

n 217 166 35 16 

 
BMI, kg/m2 26.9 (4.8) 27 (4.9) 26.9 (4.7) 25.7 (4.4) 0.6015 

MUAC, cm  31.3 (4.4) 31.6 (4.4) 30.6 (4.3) 29.3 (4.6) 0.085 

SFT triceps, mm 21 (9) 21.6 (8.9) 19 (9.3) 18.4 (9.3) 0.1478 

HGS, kg 29.6 (11.6) 30.8 (11.4) 27.7 (11.5) 21.2 (9.2) 0.0043 

Albumin, g/L 42.8 (3.4) 43 (3.1) 42.7 (3.5) 40.1 (5.1) 0.0064 

Hemoglobin, g/dl 12.9 (1.9) 13.2 (1.8) 12.3 (2) 12.3 (1.5) 0.0184 

Female patients 63 (29 %) 50 (30.1 %) 8 (22.9 %) 5 (31.2 %) 0.3907 

Age, years 60.4 (15.8) 59.5 (15.8) 60.9 (16.1) 68.6 (14.6) 0.0911 

Number of medicines 8.8 (4.6) 7.5 (3.5) 12.1 (4.7) 15.1 (6) <0.001 

eGFR, ml/min/1.73m2 33.3 (22.0) 36.9 (22.1) 22.3 (18.2) 20.3 (16.0) <0.001 

Medicines associated with a xerostomia as a side-effect are defined according to information on common (>1/100 

- <1/10) and very common (>1/10) side-effects of medicines from the Norwegian Pharmaceutical Product 

Compendium (Felleskatalogen), Norsk legemiddelhåndbok (22) and ATC/DDD Index 2019 by WHO Collaborating 

Centre for Drug Statistics Methodology. Continuous variables are presented as mean (SD) and categorical 

variables are reported as counts (%). BMI, body mass index; MUAC, mid-upper arm circumference; SFT, 

skinfold thickness; HGS, handgrip strength; eGFR, estimated glomerular filtration rate. 

 

 



Table S6: Description of nutritional status according to CKD stage  

 
Total 

 

CKD stage 

1+2 

CKD stage 

3a 

CKD stage 

3b 

CKD stage 

4 

CKD stage 

5 

p-value 

n 217 31 27 46 64 49  

BMI, kg/m2 26.9 (4.8) 27.5 (5.0) 28.6 (5.6) 27.3 (4.6) 26.5 (4.7) 25.6 (4.5) 0.079 

WC, cm  
     

 

 Male 100 (14) 104 (15) 105 (15) 101 (13) 98 (13) 96 (13) 0.062 

 Female 93 (14) 90 (13) 94 (11) 91 (11) 94 (16) 94 (15) 0.921 

CO* 104 (47.9) 17 (54.8) 17 (63) 23 (50) 28 (43.8) 19 (38.8) 0.531 

MUAC, cm        

 Male 31.6 (4.3) 32.5 (3.0) 32.6 (5.4) 32.5 (4.4) 31.4 (4.4) 29.7 (3.7) 0.038 

 Female 30.5 (4.7) 27.8 (4.0) 30.6 (3.9) 32.6 (4.8) 30.6 (4.6) 30.4 (5.1) 0.259 

SFT triceps, 

mm 

       

 Male 18.9 (7.9) 19.9 (8.2) 19.8 (7.8) 21.4 (7.7) 19.2 (8.2) 14.9 (6.4) 0.012 

 Female 25.9 (9.7) 22.5 (7.5) 26.1 (7.4) 28.2 (10.9) 26.0 (10.4) 25.9 (10.1) 0.785 

HGS, kg        

 Male 35.5 (11.1) 38.9 (8.3) 38.6 (11.8) 37.9 (11.7) 32.5 (11.1) 32.6 (10.7) 0.029 

 Female 22.0 (8.2) 20.2 (5.5.) 24.8 (9.2) 23.9 (5.6) 24.4 (9.4) 16.7 (7.6) 0.047 

Continuous variables are presented as mean (SD) and categorical variables are reported as counts 

(%). CKD stages compared by mean linear (continuous variables) or logistic (categorical varables) 

regression. CKD stages are classified according to estimated glomerular filtration rate, as suggested 

by Kidney Disease Improving Global Outcomes (20). 

*Identified as waist circumference exceeding cut-off values of 102 cm for men and 88 cm for women, 

as suggested by the World Health Organization (23). 

BMI, body mass index; CKD, chronic kidney disease; CO, central obesity; HGS, handgrip strength; 

MUAC, mid-upper arm circumference; SFT, skinfold thickness; WC, waist circumference.  
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