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Norsk sammendrag av avhandling :
«Livskvalitet hos eldre i dialyse».

Blant dialyse-pasientane er det dei eldste aldersgruppene som aukar mest. Fa av desse blir
nyretransplantert, det betyr livslang dialysebehandling. God livskvalitet i dialyse er derfor
svert viktig.

Avhandlinga ville primert undersoke kva betydning start-tidspunkt i dialyse har og seie for
livskvalitet hos dei eldste dialyse-pasientane (> 75 ér), samt underseke kva betyding ernzring
status, fysisk funksjon og komorbiditet (andre sjukdomar enn nyresvikt) har for livskvaliteten
til desse pasientane.

Resultata fra studiane i avhandlinga viser at dei eldste pasientane i dialyse har darligare
livskvalitet samanlikna med yngre dialysepasientar og med den generelle befolkninga pa
same alder og kjonn. Dette gjeld spesielt fysiske dimensjoner. Vi fann sterk samanheng
mellom fysisk funksjon og livskvalitet. Vi viste og at mange av pasientane hadde
ernaringssvikt og andelen som hadde ernaringsproblem var avhengig av klassifiserings-
system. Vi fann ingen samanheng mellom start-tidspunkt i dialyse og livskvalitet, dette er i
samsvar med resultat fra andre nylig publiserte studier. Dei seinare ar har det vore ein tendens
internasjonalt til & starte tidlegare i dialyse hos eldre, vare funn gir ingen haldepunkt for
gevinst 1 form av betre livskvalitet ved a starte tidleg. Vi fann ingen statistisk samanheng
mellom komorbiditet og livskvalitet.

Prosjektet var fra starten planlagt som ein norsk multisenterstudie, der ein ved loddtrekning
(randomisering) skulle samanlikna livskvalitet hos dei som starta tidleg i dialyse med dei som
starta seint. P.g.a. for fa pasientar inkludert vart denne studien avslutta.. Etter avslutning av
denne studien gjennomferte vi ein sperje-undersekelse til alle nyrelegar i Norge for & fa svar
pa kvifor det er sa vanskelig & rekruttere nyresviktpasientar til randomiserte studier. Svara vi
fekk tyder pd at nyrelegar ensker & bestemme sjolv nar dialyse-behandlinga skal starte, dei var
og opptatt av arbeidspress for dialyse-sjukepleiarar og kapasitet pa dialyse-avdelinga.

For a finne svar pé dei opprinnelege forskningspersmala vart det gjennomfert ein tverrsnitts-
studie, med utgangspunkt i Norsk Nefrologi-register der alle som starter i dialysebehandling i
Norge blir registrert. Sperje-skjema med spersmal om pasientane sin livskvalitet og ernaring
vart sendt til alle som var >75 &r og i dialyse pr. 1.1.2009. Det vart sendt ut 320 skjema og det
kom svar fra 250. I tillegg blei det gjort ein sub studie pa ernaring og livskvalitet pa same
pasientgruppe i Nord- og Ser-Trendelag, der ein malte vaskestatus og kropps-samansetning
ved hjelp av bio-impedance, samt mélte muskelstyrke og overarms-omkrets. Denne pasient-
gruppa svarte og pd same sporreskjema som i den nasjonale studien.

Studien viser at det er viktig & fa storre fokus pa ernaring hos dei eldste pasientane i dialyse.
Det vil vaere viktig & bli einig om kva metodar ein skal bruke for & identifisere dei som har
risiko for & utvikle ernerings problem, slik at tiltak som kost-veiledning og ernerings tilskot
kan vurderast.

Det kan vere eit stort potensial for & betre livskvalitet hos gamle dialysepasientar ved a
stimulere til auka fysisk aktivitet, ved t.d fysisk trening i regi av dialyse-avdelinga.
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Summary in English

In the last decades, older patients represent the fastest growing subgroup of the dialysis
patients. For most of these patients, dialysis treatment will be lifelong. Quality of life (QoL)
is therefor an important outcome.

The decision to start dialysis treatment is partly based on the patient renal function assessed
by glomerulofiltration rate (GFR) (“normal” values > 90 ml/min). It has been a tradition to
start dialysis treatment when GFR fell below 10 ml/min (late start). There has been a tendency
internationally to start earlier in diaysis treatment (on a higher GFR), especially in the elderly.
The documentation for the benefit of this has been scarce. There is also poor knowledge about

what factors influence quality of life in the elderly dialysis patients.

This doctoral thesis was originally planned to explore the impact of the start point of dialysis
treatment on QoL in the older dialysis patients (>75 years of age), and also to explore the

impact of nutritional status, physical function and comorbidity on QoL in these patients.

The project was planned as a Norwegian multi-center study, with randomization to early and
late start in dialysis, and the hypothesis was that early start would give better QoL. Due to few
patients included, the study was closed. After the closure of the study, we did a survey among
Norwegian nephrologists where they were asked why it was so difficult to recruit chronic
kidney disease patients to randomized studies. The answers implied that the nephrologists
wanted to decide for themselves when to start dialysis treatment, and they thought that the
patients wanted to postpone dialysis treatment. The nephrologists were also concern about

workload for the staff and capacity on the dialysis ward.

To find the answers on the original research question we did a cross-sectional study, with data
from the Norwegian Renal Registry (NRR), where all patients who initiate dialysis treatment
are registered. Questionnaire with questions about the patients QoL and nutritional status was
mailed to all patients > 75 years of age and in dialysis treatment 01.01.2009. It was mailed
320 questionnaires and we received answers from 250. These data were supplemented with
medical data from NRR, collected from start at dialysis and Annual report 2008. It was also
done a minor, more detailed study on nutritional status and QoL in elderly (=75 years) in
North - and South Trendelag. In this study hydration status and body composition was

measured by bioimpedance spectroscopy and it was also done a clinical examination and



measured muscle strength and arm skinfold (triceps skinfold). The same questionnaire

regarding QoL and nutritional status used in national study was admitted.

The results from these studies showed that the elderly patients in dialysis reported poorer
QoL, poorer than what others have found in younger dialysis patients and poorer than in the
general population at the same age and gender, especially physical domains.

We found a strong association between physical function and QoL. We also showed that
many older patients had nutritional problems, and the frequency of nutritional problems
depended on which classification system that was used. We found no association between
starting point in dialysis and QoL, this is in accordance with recently published studies. Our
findings did not show any benefit in QoL of starting early in dialysis for the older CKD

patients. We found no association between comorbidity and QoL.

The thesis implies the importance of greater focus on nutritional status in the older patients. It
is important to agree upon which assessments to use for identification of patients at nutritional
risk, and consider dietary advice and nutritional supplements. Bio-impedance gave
information of important changes in body composition that was not revealed by other
assessment methods, it was easy to use and can be a useful tool in assessment of nutritional

status and hydration status in the elderly in dialysis.

It can be a potential to improve QoL in older dialysis patients by stimulating more physical
activity and offer physical exercise training in the dialysis ward. It is also important with

further studies to explore the benefit of physical training in this age group.
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Preface

In the last decades, older patients represent the fastest growing subgroup of the dialysis
population. For most of these patients, dialysis treatment will be lifelong. Quality of life
(QoL) is therefore an important outcome. The knowledge about which factors that may
influence QoL of older dialysis patients is, however, scarce. There is, also, a clear
tendency to start dialysis treatment earlier, and without documented benefits for the

patients QoL.

We wanted to investigate which impact early vs. late start in dialysis would have for the
QoL patients’ > 75 years of age starting in dialysis, and to investigate the predictive value
of nutritional status, physical function and comorbidity. The project was originally
planned as a Norwegian multicentre randomised study, where patients >75 years of age
planned for dialysis treatment should be randomised to early start (estimated glomerular
filtration rate, eGFR> 10 ml/min) or late start (¢GFR< 10 ml/min). Nutritional status,
physical function and comorbidity were to be assessed at baseline. QoL was defined as the

primary outcome measure.

A great effort was made to give thorough and widespread information about the study,
both in writing and through meetings with nephrologists and dialysis-nurses throughout
the country. Despite this and an overall positive feedback, the rate of inclusion was too
low and the study was closed. We assumed that difficulties in complying with the
randomization procedure were the main reasons for the poor recruitment. Thus, we
changed the study design to an observational study; where the patients should be included
when they starting dialysis therapy. New information procedures were carried out.

However, after a year this study also had to be closed due to few patients included.

Based on this experience, we decided to explore why it was so difficult to enrol older
dialysis patients onto clinical studies. To answer this, a survey including a questionnaire
to all nephrologists in Norway was carried out (Paper 1). To answer our original research
questions, we decided for a cross-sectional study; linked to The Norwegian Renal
Registry (NRR) where all patients starting in dialysis treatment are registered.
Questionnaires including quality of life, nutritional status and physical functioning

assessment were mailed to all patients > 75 years of age, and the patients who answered
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were included in the study and gave access to medical data from the NRR. A compliance
of 73 % was achieved (Paper 2). For a more detailed investigation of the relation between
nutritional status and quality of life in older dialysis patients, we also did a minor study
including thorough assessments of body composition and nutritional parameters of

patients > 75 years from our university hospital’s catchment area (Paper 3).

Overall, due to major recruitment difficulties, a strong randomised design had to be
abandoned and replaced by a weaker one. Despite this, we find that our final results
significantly contribute to the understanding of the relationship between QoL, starting
point in dialysis, nutritional status and physical function in older dialysis patients, and
points to remediable factors that by adequate assessment methods and interventions may
improve the treatment and poor QoL of these patients. Our results also contribute to an
understanding of the general difficulties in conducting clinical trials among dialyses
patients as well as demonstrate the patients’ ability and willingness to participate. They
may therefore be of substantial help for future research targeting older dialysis patients,

for whom increased research efforts are clearly needed.
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Background

Chronic kidney disease

The total prevalence of chronic kidney disease (CKD) in Norway is 10.2% and 11.7% in US
(1999 -2000) (1). Each year, a small proportion progress to end stage renal disease (ESRD),
2.5 times more in US than Norway, possibly due to a higher prevalence of type 2 diabetes
mellitus. The prevalence for CKD in the elderly (> 70 years) is higher and reported to be 47
% in US (2), 35% in Europe (1) and 28% in China (3).

Medscapea www.medscape.com

Microalbuminuria

IGFR Macroalbuminuria

Chronic End-stage
kidney disease renal disease

Risk factors

Figure 1 Development of End-Stage Renal Disease (ESRD)

In 2002, a classification system for different degrees of renal dysfunction from the earliest
kidney damage to end stage renal disease was developed by the Kidney Disease Outcomes
Quality Initiative (KDOQI), depending on markers of kidney damage (albuminuria) and level
of kidney function i.e. glomerular filtration rate (GFR). It has, however, become apparent that
when applying this system, the prevalence of CKD is particularly high in the older

individuals. Thus, there is still debate whether the KDOQI classification system is suitable,
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especially for older person as they maybe misclassified due to a low eGFR as a result of a

“normal” reduction of kidney function with age (4).

Table 1. Definition of CKD Stages 1-5 according to the KDOQI 2002 classification system

GFR (mL/min/1.73 m?)
>90 60-89  [30-59 [15-29 [<15

Normo albuminuria No CKD [No CKD |Stage 3 [Stage 4 |Stage 5

Micro Stage 1 |Stage 2 [Stage 3 |Stage 4 |Stage 5
albuminuria/macroalbuminuria

Findings should be present for more than 3 months.

The main causes of CKD are renal vascular disease, diabetes mellitus, cystic kidney disease
and glomerulonephritis (Annual report, NRR 2010). Risk factors for developing ESRD are

age, gender, hypertension, hypercholesterolemia, smoking and diabetes mellitus (5).

Renal replacement therapy

CKD progressing to ESRD can be treated with renal replacement therapy; dialysis or renal
transplantation. Dialysis can be done in institutions with hemodialysis (HD) or at home with
peritoneal dialysis (PD). PD can be done manually as continuous ambulatory PD (CAPD) or
with a machine; automated PD (APD). The kidney function (glomerular filtration rate, GFR)
can be assessed with several methods; serum-creatinine, estimating GFR with equations
(Cochroft Gault and the Modification of Diet in Renal Disease, MDRD are based on serum-
creatinine and age, sex, ethnic origin and body size), creatine clearance and urea clearance,
based on blood tests and 24 hour urine collection, Cystatin C, iohexol clearance and inulin
clearance, which is gold standard. The updated European Best Practice Guidelines (EBPG)
recommends to initiate dialysis treatment when GFR < 15ml/min and with the following;

uremic symptoms, and/or inability to control hydration status and/or blood pressure, and/or a

14



progressive deterioration of nutritional status, and for most patients the need to start will be in
the range 9 — 6 ml/min/1.73 m* (6).

In 2009, the overall incidence rate for renal replacement therapy (RRT) for end stage renal
disease (ESRD) in Europe (ERA-EDTA registry 2009) was 125 per million populations
(p.m.p) per year. The overall mean age was 62.9 years, ranging from 47.6 years (Russia) to
69.5 years (Belgia, Dutch speaking) (7). The overall prevalence (ERA-EDTA registry 2009)
was 730 p.m.p.

During 2010 a total of 505 new patients entered renal replacement therapy (RRT) in Norway,
i.e. an incidence rate of 103.3 per mill. inhabitants. A majority were males (67.1 %). Median
age at start was 66.0 years, mean 62.4 years, ranging from 5.7 to 93.1 years. By the end of
2010, 4193 patients in Norway received renal replacement therapy, i.e. prevalence of 857, 8 per
million inhabitants. Median age by the end of the year was 60.3 years, mean 58.2 years and
range 1.2 - 93.2 years. (NRR; Annual report 2010)

In US the incidence rate for ESRD for the oldest (> 75 years of age) has increased by 12 %
since 2000, and the adjusted rate of prevalent ESRD for those 75 years and older has grown
37% since 2000 (5). In Norway there has been the same trend, in 1994 there were 10% of
patients > 75 years of age starting in RRT, in 2010 there were 27% starting RRT in the age

group 75 years+.

Elderly in dialysis

The oldest patients are the fastest increasing subgroup in the dialysis population in the
developed countries, and the referral and acceptance of older patients onto dialysis is
increasing (5, 8). This is due to the fact that incident rates of end stage renal disease (ESRD)
in the older adults are increasing, and an improved survival of diseases associated with kidney
disease such as diabetes and coronary heart diseases (9, 10). The survival of the oldest
dialysis patients is documented from a report from the French Peritoneal Dialysis Registry
which showed a median survival of 27 months in a population with mean age 82 years at start

in dialysis (11).

15
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| I | Peritoneal dialysi
88% - l l Hemodialysis
84% -
80% -

e 2 x
& &
Age group

Figure 2. Initial renal replacement therapy modality in the United States in
2008, according to age group. (Tamura, 2012) (12)

As shown in Figure 2, peritoneal dialysis (PD) is less prescribed than hemodialysis (HD) with
older age, and this pattern is the same in Europe as in the US (13, 14). The NECOSAD study
from the Netherlands (15) reported that it was the expected inability to perform the dialysis
exchanges that was a major reason for elderly not to start PD. In France, however, where
assisted PD has been used for many years, and the assistance for the procedure is given by a
community nurse, PD is predominantly a treatment for the elderly (16). Assisted APD has
been documented as a feasible dialysis modality for frail elderly patients in a Danish study
(17). There is no difference in the survival rates between PD and HD, reported from both US
and Europe, except for elderly diabetic women (13, 18). And a study that have compared
QoL between older patients in HD and PD, found similar scores (if not better) for PD vs. HD

(19).
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Figure 3 Incidence rates for ESRD Europe 1997 — 2006 by gender and age groups.
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Quality of life

Quality of life is defined by the WHO as a state of complete physical, mental and social well-
being, and not merely the absence of disease (20). For the purpose of clinical research, the
term health related quality of life (HRQoL) has been defined, referring to the patients’
appraisal of their current level of functioning and satisfaction with it compared to what they
perceive as ideal (21). HRQoL may be considered synonymous with subjective health
assessment, and reflects the persons experience with health care interventions (22). In clinical
research and practice, quality of life is limited to health related issues, and the terms «quality
of life, QoL» and «health related quality of life, HRQoL” are mostly used synonymously. In

this thesis we will use the term quality of life, QoL.

A large number of QoL questionnaire have been developed, most of them are
multidimensional. These questionnaires can be generic; that is, suitable for general
populations without reference to any disease, or condition specific, e.g. developed for cancer

or kidney disease in particular, or domain specific e.g. assessing depression and anxiety (20).

SF-36

The Medical Outcome Study 36 item Short Form Health survey (MOS SF-36) is originally a
generic, self-administered questionnaire, but is well documented and validated in chronic
dialysis patients of all ages. The questionnaire consists of 36 items, which are summarised
into 8 scales, and the 8 scales can be summarized into 2 composite scales; Physical Composite

Summary (PCS) and mental Composite Summary (MCS) (23).
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Quality of life in dialysis patients

The majority of the oldest patients in dialysis will not be offered a renal transplant and will be
in lifelong dialysis treatment; hence, quality of life is a crucial outcome and is also recognised

as a predictor for morbidity and mortality.

In general, Qol of dialysis patients seems to be substantially affected, especially the physical
domains (24-29). A similar reduction in physical QoL domains have been demonstrated for
other chronic illnesses like congestive heart failure (30). Others have shown a clear reduction

in QoL scores in dialysis patients compared to other chronic diseases (31).

Several assessments tools have been used to assess QoL in renal disease. For chronic kidney
disease the SF36 are most common, and for dialysis patients the Kidney Disease Quality of
Life (KDQoL) (which includes SF36) are now most used (32). The KDQOL is generic and
developed for CKD specifically. It consists of 18 scales, 8 from SF36, supplemented with 10
multi-item scales targeted at particular concerns of individuals with kidney disease and on
dialysis (symptoms, effects of kidney disease on daily life, work status, cognitive function,

quality of social interaction, sexual function, sleep, social support, patient satisfaction) (33).

Longitudinal studies with a follow up for 18 months have shown that QoL scores for the
physical domains decline over time, more for PD than HD, whereas scores for mental
domains remained stable for both modalities (24). Several other studies have also compared
the QoL of PD and HD patients and found no significant difference measured up to one year

after treatment start (34-36).

The older patients tend to be underrepresented in clinical studies; hence less is known about
the frequency and magnitude of problems in this subgroup. It has been shown that QoL scores
are poorer in older dialysis patients compared to general population at same age, and that it
is the physical domain that are most affected (37-40). Comparing groups of older and younger
patients in dialysis, no difference has been found for the QoL mental domains. Results
regarding physical domains are more diverse; superiority of scores from the older population
as well as equality has been reported (41, 42). For the oldest dialysis patients (> 75 years),

however, the physical scores seem to be poorer than for younger ones (37, 43).
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The most markedly QoL impairment has been revealed in patients >75 years of age who had

an unplanned start in dialysis (43).

Factors that may influence QoL in dialysis

To improve treatment and prognosis, a precise identification of factors that may influence
QoL is important. Several studies, have investigated medical factors related to CKD and renal
replacement therapy that have been assumed to influence QoL in dialysis patients, such as

referral time to nephrologist, dialysis adequacy, dialysis frequency and anemia.

Early vs. late nephrology referral

Early referral to nephrologists is documented to result in reduced mortality, better uptake of
peritoneal dialysis, earlier placement of arteriovenous fistula for hemodialysis and shorter
duration of hospital stay when dialysis treatment was initiated (44, 45). There are a few
studies which have address referral time and quality of life as an outcome. A multicenter
study showed no difference in SF36 summary scores for early vs. late referral (46). Boini et al
showed a significant association between referral time and mental component summary

(MCS), but not for physical component summary (PCS) (47).

Dialysis adequacy Kt/V

Kt/V (fractional urea removal rate) is a measure for dialysis adequacy, and relates K (urea
clearance), t (time on dialysis) and V (volume of distribution for urea). Some studies have
been done with the hypothesis that increased dialysis doses would improve QoL. The HEMO
study (48) showed that a small, but statistically significant difference in bodily pain (BP) and
physical component summary (PCS) in favor of high dialysis doses (Kt/V 1.45) compared to
low. No statistically significant difference in QoL scores between patients who were treated
high flux membrane vs. low flux was found (48). In peritoneal dialysis, the ADEMEX study
(Adequacy of peritoneal dialysis in Mexico) found no evidence for long-term benefit on QoL

by increasing peritoneal small solute clearance (49).

Frequency of dialysis
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Longer dialysis duration either as short daily dialysis or longer nocturnal dialysis 6 nights a
week have been assumed to give better outcome both on survival and QoL than conventional
dialysis treatment; 4 hours trice-weekly. That nocturnal frequent hemodialysis does not
improve overall QoL compared to conventional hemodialysis has recently been documented
(50, 51). There is now an ongoing study organized by the Frequent Hemodialysis Network
(FHN) investigating the hypothesis that frequent daily hemodialysis and/or nocturnal dialysis

would give better QoL than conventional hemodialysis (52).

Anemia

Anemia is a very frequent complication of CKD and usually starts early in the course of the
disease. CKD patients with anemia (Hb levels < 11g/dl) have lower QoL scores, increased
cardiovascular risk and a higher risk for death (53). Many studies have demonstrated a QoL
benefit by treating the anemia with erythropoietin stimulating agents (ESA) (54, 55), in
general as well as for elderly in dialysis (56). There is still a debate about the optimal ESA
dose regimen. So far, it has been documented that keeping the Hb in range 10.5-12.5g/dl
results in better QoL scores and lower cardiovascular risk. Aiming for an even higher Hb, has

not been proven to give any further QoL benefit, i.e. in studies published so far (57, 58).

Early vs. late start in dialysis

Over the last decades, there has been a trend in USA and Europe to start dialysis treatment in
an earlier stage of kidney failure. Early start in dialysis treatment is usually defined as eGFR
> 10 ml/min and late start < 10 ml/min. In USA in 1996, 25 % started at eGFR> 10 ml/min,
whereas in 2005, this number was 54% according to United States Renal Data system
(USRDS) (59). Accordingly, The European Dialysis and Transplantation Associations
(EDTA) registry showed that the mean eGFR at start was 7.3ml/min in 1999, and 8.1ml/min
in 2003 (60). The trend to start early is particularly strong among older patients. Data from
The French Renal Epidemiology and Information Network (REIN) have shown that 19 % of
younger dialysis patients below 65 years started with eGFR> 10 ml/min, 38% in the age
groups between 75 and 84 years, and 48% of those aged 85 years and more (61).
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However, several studies have shown that early start may be associated with higher mortality
(59, 61). This could be due to the older age of these patients. It may also be explained by the
difficulties in estimating GFR by equations, in patients with ESRD. Patients with small
muscle mass will have low levels of serum creatinine and the result is falsely high levels of
estimated GFR in patients who in fact are in poor status with high mortality risk (59, 61-63).

Only one randomised study comparing early to late start has hitherto been conducted and
published. This is the Initiating Dialysis Early and Late (IDEAL) study, which concluded that
there was no difference in survival or QoL between those who started early vs. late in dialysis
(64). In the IDEAL study, the mean age was 60 years (SD 12.3). To our knowledge there are

no studies addressing QoL in older dialysis patients with early start.

Comorbidity

Older age is highly correlated to the presence of co-morbid disorders (65). A French study
showed that for patients > 75 years of age at start of dialysis, 85% had at least one
comorbidity and 36% had three or more (66). In hemodialysis patients in general, comorbidity
is found to be associated with mortality as well as QoL (26, 67). To which extent comorbidity
affects the QoL of the older dialysis patients has not been fully confirmed (19, 68).
Comorbidities like malignancy, severe behavioural disorders, low BMI, reduced mobility and
congestive heart failure are strongly associated with 2-year mortality among the elderly
patients in dialysis, and diabetes, cardiovascular diseases and chronic respiratory disease were

also significantly related to a higher risk of death, but with lower hazard ratio (66).

There is no consensus for assessing and grading of comorbid diseases in chronic kidney
disease, and in some registry studies only the number of comorbid diseases has been
registered without using any particular indexes. In other studies, varying comorbidity indexes
have been used; Index of coexistent disease (ICED), Charlson comorbidity index (CCI),
Whrigt — Khan Index and Davies index (69, 70). Three of these are developed for dialysis
patients; ICED, Whrigt-Khan and Davies. CCI is a generic index, developed from patients’
hospitalized in general internal ward. There is one study comparing the use of the four indices
on dialysis patients (71). The ICED had greater discriminatory ability than the CCI, Davies
and Whright-Khan indices to predict 1 year mortality, but it takes about 50 minutes to

complete in comparison with the three others which take 15-20 minutes to complete.
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The Davies comorbidity index is based on seven domains, i.e. malignancy, ischemic heart
disease, peripheral vascular disease, left ventricle dysfunction, diabetes mellitus, systemic
collagen vascular disease and other significant pathology. Whether the patient has an active or
present disease on any of these domains is registered. The comorbidity score for each patient
is calculated as the sum of the number of domains affected, giving a theoretical range from
zero to seven. Based on this score, the mortality risk is classified into low (0 comorbidities),

medium (1-2 comorbidities) and high (> 3 co-morbidities) (72, 73)

Functional status

Decline in physical function is a feature of normal aging. Among elderly dialysis patients
there is a high prevalence of functional disability. A Canadian study of 162 HD patients > 65
years (mean age 75 years) showed that 95% had at least one instrumental activity of daily
living (IADL) dependency with a median of five (74). A study of patients starting dialysis at
80 years of age showed that within 6 months after start in dialysis, more than 30% of patients
had functional loss requiring community support or transfer to nursing home (75). A cohort
study of older hemodialysis patients (mean age 70 years) have shown that they had 1.18
fall/patient year vs. older person in community dwelling (age 74 — 78 years) had 0.32 — 0.70
fall/person year (76). Another study have showed that more than one accidental fall was

associated with increased mortality (77).

Few studies have hitherto addressed the impact of physical function on quality of life in older
dialysis patients (78). Physical function is, however, closely connected to most aspects of life,
including autonomy and independent living, and a Cochrane review of training studies in
elderly showed significant improvement in physical domains of QoL with training (79).

Similar results have been reported for younger dialysis patients (80, 81).

In the Dialysis Outcomes and Practice Patterns Study (DOPPS) higher physical exercise
frequency was found to be associated with significantly better scores on both mental and
physical component of SF36 (82). One pilot trial has demonstrated that intra-dialytic low-
intensity training was safe and also improved physical performance in older hemodialysis

patients (mean age 69) (83).
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Nutritional status

To maintain good nutritional status it is essential that there is a balance between bodily
requirements and intake of nutrients (84). In patients with chronic kidney disease (CKD)
nutritional deficits are highly prevalent and may lead to deteriorated nutritional status as renal
function worsens. The nutritional problems can be both uremia-related and dialysis related
(Figure 4). Uremia-related problems include reduced appetite and several hormonal
alterations; higher levels of counter-regulatory hormones (Glucagon, PTH) and resistance to
anabolic hormones (insulin, growth hormone, Insulin-like growth factor 1: IGF-1). As the
number of functioning nephrons declines in chronic kidney disease (CKD), it leads to net
retention of hydrogen ions and development of progressive metabolic acidosis, which can
promote protein degradation (85, 86). Dialysis related problems is caused by increased energy
consumption, many nutrients (amino acids, proteins, water soluble vitamins and glucose) are
lost during dialysis session. Other dialysis-linked factors are dialysis fluids (endotoxins) and

dialyzer membranes, which give a risk of exposures to inflammatory stimuli.

The reported prevalence of nutritional deficits varies substantially between studies, ranging
from 20% to 50% of the patients (87-89). This inconsistency may be explained by a similar
wide variation in terminology as well as diagnostic criteria. The International Society of
Renal Nutrition and Metabolism (ISRNM) recommend using the term “protein-energy
wasting” (PEW) to describe loss of body protein and fuel reserves (muscle and fat tissue)
(88). Protein-energy wasting (PEW) are reported to be present in 20 -50% of the dialysis
population. According to the ISRNM PEW is diagnosed if at least one parameter is found
below recommendation in three of four categories: 1.biochemical criteria (low se-albumin,
low se-prealbumin, low se-cholesterol), 2.low body mass (BMI < 24) unintentional weight
loss over time, total body fat percentage < 10 %), 3.decrease in muscle mass (muscle
wasting) 4.low protein or energy intakes (low dietary protein, low dietary energy intake for

at least 2 months) (88).
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Figure 4. Schematic representation of the causes and manifestations of the
protein—-energy wasting syndrome in kidney disease (Fouque D,2008) (88)

Furthermore ISRNM suggests using the term cachexia for the most severe form of protein and
energy mass depletion, assumed to affect about 10% of ESRD patients. There is still no
generally agreed upon definition of cachexia. However, a Consensus conference in 2006
decided for the following: “Cachexia is a complex metabolic syndrome associated with
underlying illness and characterized by loss of muscle with or without loss of fat mass. The
prominent clinical feature of cachexia is weight loss in adults (corrected for fluid retention) or
growth failure in children (excluding endocrine disorders). Anorexia, inflammation, insulin
resistance and increased muscle protein breakdown are frequently associated with cachexia.
Cachexia is distinct from starvation, age-related loss of muscle mass, primary depression,

malabsorption and hyperthyroidism and is associated with increased morbidity” (89).
In accordance with this definition, the following criteria for the diagnosis of wasting disease

(cachexia) in adults were proposed (89): weight loss of at least 5% in 12 months or BMI <

20 kg/m?, plus at least 3 of the following criteria: 1. decreased muscle strength, 2. fatigue
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(defined as physical and/or mental weariness resulting from exertion), 3. Anorexia (limited
food intake or poor appetite), 4. low fat free mass index (lean tissue depletion), and 5.
abnormal biochemistry; increased inflammatory markers CRP (> 5.0 mg/L), anaemia (Hb<

12 g/L) or low serum albumin (< 3.2 g/dl)(5).

According to proposed definitions (88, 89) changes in body composition, in particular loss of
lean tissue (including muscle mass) is important features of both PEW and cachexia, but also

a phenomenon of aging.

For patients in maintenance dialysis, poor nutritional status may affect QoL and morbidity,
and is associated with decreased survival despite adequate dialysis treatment (87, 90).
Malnutrition in elderly haemodialysis patients influences overall survival despite adequate
dialysis treatment (87, 91). The Hemodialysis study (HEMO) showed that markers of poor
nutrition were associated with decreased physical function scores (SF 36) (92, 93). Nutritional
deficit at start of dialysis is strongly associated with mortality (94). Malnutrition —
Inflammation Score (MIS) which is a comprehensive score of SGA, comorbidity including
number of years on dialysis, BMI , se-albumin and TIBC have been found to correlate with

quality of life (SF 36) and mortality (95-97).

Hydration status

Adequate control of the extracellular fluid volume is a principal goal of renal replacement
therapy in patients with end-stage renal disease (ESRD). Chronic fluid overload may
significantly contribute to hypertension, accelerated arteriosclerosis and the high prevalence
of left ventricular hypertrophy observed in ESRD patients. Removal of excess fluid is
therefore considered crucial for blood pressure control and, thus, for cardiovascular protection
in dialysis therapies (98). Overhydration increases the mortality (99) and may also impair
quality of life in hemodialysis patients (100). For this reason as well as to avoid hypotensive
episodes during dialysis sessions (99), it is essential to determine the patients® dry weight. Dry
weight may be defined as the target weight after dialysis treatment at which the patient is as
close as possible to a normal hydration state without experiencing symptoms that are
indicative of over- or underhydration (101). Thus, for dialysis patients, assessments of body
composition are important, not only to assess nutritional status, but also to determine their

hydration status.
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Assessment of nutritional status.

Changes in nutritional status will eventually result in changes in body composition, plasma
concentration and immune competence (102). Traditional methods to evaluate nutritional
status therefor include loss (or gain) of body components relative to previous measurements
and relating the values in a given patient to normal standards. Measurements of height and

weight of the human body (anthropometry) is basic in all evaluation of nutritional status.

Anthropometry

Body weight is a simple measure of total body components and is compared to an “ideal” or
desirable weight. Body mass index (BMI) is defined as body weight (kg)/ height (m)? and is
used by the World Health Organization (WHO) to define cut-off points for normal weight,
underweight, overweight and obesity in the general population (103). However, measures
like weight and BMI cannot distinguish between body fat, muscle mass and water (104),
although a high BMI can be an indicator of body fat, and a low BMI can be an indicator of

low lean body mass.

Changes in body weight can be intentional or unintentional, unintentional weight loss can be a
sign of underlying disease, but in dialysis patients it can be confounded by changes in

hydration status.

Skin fold measures

Skinfold thickness has been showed to be the most simple, long-established and inexpensive

method for assessing body fat in patients on long-term hemodialysis therapy (105, 106).
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Triceps skinfold (TSF) has been found to be independent predictor of all-cause mortality in

haemodialysis patients (107).

Muscle strength

Hand grip strength (HGS) is a valid method for assessing muscle-strength, a marker of muscle
mass, and has shown strong correlation with lean body mass (108-110). A systematic review
has concluded that HGS is a useful tool for continuous and systematic assessment of muscle
mass related to nutritional status in patients on dialysis (111, 112). HGS may be used as a

reliable nutritional marker in hemodialysis, measured before or after HD sessions (113).

Body composition

Several devices are developed to assess body composition. Dual-energy x-ray absorptiometry
(DEXA) is considered the gold-standard method, but this is an expensive method and not
available for all dialysis units. Imaging techniques like magnetic resonance imaging (MRI)
and computed tomography scanning (CT) are also used to measure body composition, but
have so far mostly been used in research.

Portable devices like near-infrared (NIR) interactance and specially bioimpedance
spectroscopy (BIS) are easy to use and are relatively inexpensive. BIS is validated against
available gold standard methods with good accordance, and may be used to evaluate

nutritional status as well as to determine hydration status (114).

Dry weight may be estimated by ultrasound of the inferior vena cava, radionuclide dilution
techniques and echocardiography. These methods are expensive and time consuming, most
often clinical surrogate parameters are used such as interdialytic weight gain, ultrafiltration
rate or blood pressure. BIS can be done bedside. A recent study showed increased all-cause
mortality in hyperhydrated patients compared to normohydrated (hazard ratio =3.4). The

hydration status was measured with whole-body bioimpedance spectroscopy (115).
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Figure 5. Model of whole bioimpedance spectroscopy
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height, intracellular (ICW) and extracellular water (ECW) determined by whole body
bioimpedance spectroscopy (BIS).
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Subjective Global Assessment (SGA)

Several assessments tools have been developed for the assessment or screening of nutritional
status; Nutritional risk screening (NRS 2002) (116), Malnutrition Universal Screening Tool
(MUST) (117), Mini Nutritional Assessment (MNA) and Subjective Global Assessment
(SGA) (102).

The SGA is based on the clinical judgment of four subscales representing the patient recent
weight changes, dietary intake and gastrointestinal symptoms, loss of subcutaneous fat and
signs of muscle wasting(102, 118). SGA has been modified from a 3 point scale to a 7 point

scale, and is validated in dialysis patients in large observational studies like DOPPS and
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CANUSA (93). The European Best Practice Guidelines (EBPG) on nutrition recommends 7
point SGA scale because of its greater sensitivity and specificity (119).

Nutritional parameters’ as assessed by the SGA has in previous studies of younger dialysis
patients showed a positive correlation with SF36 physical composite summary (PCS), but not
with mental composite summary (MCS) (120, 121). The SGA has been found reliable and
valid to assess protein-energy wasting (94, 112, 122, 123), and can be used to differentiate
dialysis patients with severe malnutrition from those with normal nutritional status. It has

been questioned if SGA is a reliable tool to measure the degree of malnutrition (93).

Norwegian Renal Registry

The Norwegian Renal Registry (Norsk Nefrologiregister) was formally constituted in 1994 as
collaboration between The Norwegian Renal Association (Norsk Nyremedisinsk Forening) and
Oslo University Hospital-Rikshospitalet, with the latter as the formal o