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Subjective global assessment of nutritional status is strongly
associated with mortality in chronic dialysis patients™
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ABSTRACT

Background: The subjective global assessment of nutritional status
(SGA) is used to assess the nutritional status of chronic dialysis
patients, but longitudinal data in relation to mortality risk are
lacking.

Objective: Our objective was to study the long-term and time-
dependent associations of the SGA with mortality risk in chronic
dialysis patients.

Design: In a prospective, longitudinal, observational, multicenter
study of incident dialysis patients, the 7-point SGA [7 = normal
nutritional status; 1 = severe protein-energy wasting (PEW)] was
assessed 3 and 6 mo after the start of dialysis and subsequently
every 6 mo during 7 y of follow-up. With Cox regression analysis,
we calculated hazard ratios (HRs) of the baseline and time-dependent
SGA measurements, adjusted for age, sex, treatment modality, pri-
mary kidney diseases, and comorbidity.

Results: In total, 1601 patients were included [mean (*SD) age:
59 £ 15 y; 61% men; 23% with moderate PEW (SGA,_s), and 5%
with severe PEW (SGA_3)]. There was a dose-dependent trend of
the 7-point SGA with mortality. Compared with a normal nutritional
status at baseline, SGA4_s (HR: 1.6; 95% CI: 1.3, 1.9) and SGA;_3
(HR: 2.1; 95% CI: 1.5, 2.8) were associated with an increase in 7-y
mortality. Time-dependently, these associations were stronger:
SGA, s (HR: 2.1; 95% CI: 1.7, 2.5) and SGA,_; (HR: 5.0; 95%
CIL: 3.8, 6.5).

Conclusions: In dialysis patients, PEW at baseline assessed with
SGA was associated with a 2-fold increased mortality risk in 7 y of
follow-up. Time-dependently, this association was even stronger,
which indicated that PEW was associated with a remarkably high
risk of short-term mortality. These data imply that the 7-point SGA
may validly distinguish different degrees of PEW associated with
increasing risks of mortality. Am J Clin Nutr 2009;89:787-93.

INTRODUCTION

Protein-energy wasting (PEW) is highly prevalent in patients
with end-stage renal disease maintained on chronic dialysis and is
associated with increased mortality (1, 2). The subjective global
assessment of nutritional status (SGA) is a relatively inex-
pensive, easy, and rapidly conducted tool used by nurses, die-
titians, or physicians to assess PEW in chronic dialysis patients
(3). The SGA is based on the clinical judgment of 4 subscales
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representing the patients’ recent weight change, dietary intake,
and gastrointestinal symptoms, loss of subcutaneous fat, and
signs of muscle wasting (4-6). As a result, the SGA may rep-
resent the overall concept of nutritional status.

The SGA has been found to be reliable and valid for assessing
PEW (6-9). A single SGA assessment has been shown to be
associated with morbidity, hospitalization, and mortality in
several clinical studies (9-12). Therefore, since 2000 the Na-
tional Kidney Foundation Kidney Disease/Dialysis Outcomes
and Quality Initiative (K/DOQI) has recommended the use of
the SGA for assessing the nutritional status of dialysis patients
(13).

However, according to the current European Best Practice
Guidelines (EBPG) on diagnosis and monitoring of malnutrition,
the SGA can only be used to detect severe malnutrition in he-
modialysis patients (14). The guidelines refer to a study that
showed that the SGA was able to differentiate dialysis patients
with severe malnutrition from those with normal nutritional
status, but appeared not to be a reliable predictor of the degree of
malnutrition (15). Furthermore, longitudinal studies with re-
peated measurements of the SGA in relation to mortality have
not been published.

Therefore, the objective of the present study was to investigate
the long-term and time-dependent associations of the 7-point
SGA and its subscales with all-cause mortality in a prospective
longitudinal observational multicenter study in chronic dialysis
patients.
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SUBJECTS AND METHODS

Patients

End-stage renal disease patients aged >18 y and starting with
their first renal replacement therapy were eligible for inclusion in
the Netherlands Cooperative Study on the Adequacy of Dialysis-
2 (NECOSAD-II) Study. The Medical Ethical Committees of all
participating dialysis centers approved the study, and all par-
ticipants gave their written informed consent before inclusion.
For the present analysis, all patients with an SGA assessment
3 mo after the start of dialysis were included.

Study design

NECOSAD-II is a prospective, longitudinal, observational,
multicenter cohort study that started in 1997 in 38 dialysis centers
in the Netherlands. Incident dialysis patients fulfilling inclusion
criteria were enrolled in this study. Demographic data and clinical
data were collected between 4 wk before and 2 wk after the start
of chronic dialysis treatment. Data on dialysis characteristics and
measures of health were collected during study visits 3 and 6 mo
after the start of dialysis and subsequently at intervals of 6 mo
until the end of follow-up. Baseline was defined as 3 mo after the
start of dialysis. Dates and causes of mortality were immediately
reported during follow-up. Survival time was defined as the
number of days between 3 mo after the start of the dialysis
treatment (baseline) and the date of death, the date of censoring
due to loss to follow-up (kidney transplantation or transfer to
a nonparticipating dialysis center), the end of the follow-up on
1 January 2007, or at a set maximum of 7 y after the start of
dialysis.

Data collection

In each dialysis center, >2 research nurses were appointed to
collect the data for NECOSAD-II. At 3 common trainings in the
Netherlands, all research nurses were trained to collect the data
according to standardized procedures. Baseline demographic
data and clinical data such as age, sex, body mass index, ethnicity,
primary kidney disease, and comorbidity were recorded in the
patients’ files. Primary kidney diseases and causes of death were
classified according to the coding system of the European Renal
Association—European Dialysis and Transplantation Association
(16). Routine blood laboratory investigations in the dialysis
centers included measurements of serum cholesterol and albu-
min concentrations and plasma urea and creatinine concen-
trations. In a corresponding 24-h urine sample, urea, creatinine,
and protein concentrations were measured. Renal function was
calculated from the mean of creatinine and urea clearance, ad-
justed for body surface area (mL - min~' - 1.73 m~?) and ex-
pressed as the residual glomerular filtration rate. The daily
protein intake was estimated in the peritoneal dialysis patients
from urea excretion in the urine and dialysate according to
Bergstrom et al (17) and expressed as normalized protein
equivalent of nitrogen appearance. In the hemodialysis patients,
normalized protein nitrogen appearance (nPNA) was calculated
from the increase in plasma urea between 2 subsequent dialysis
sessions by using a single pool model and was also normalized
to standard body weight. Comorbid conditions were reported by
the patients’ nephrologists. The comorbidity index of Khan et al
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(18) was calculated to classify the patients as having a low,
medium, or high mortality risk.

SGA

The nutritional status of the patients was measured at each
study visit with the 7-point SGA. The 7-point SGA is a modifi-
cation (5) of the 3-point scale SGA originally described by
Detsky et al (4) and Baker et al (19). As an additional modifi-
cation, the question concerning nutritionally related functional
impairment was removed, because it is difficult to distinguish
nutritionally related functional impairment from other forms of
functional impairment in dialysis patients. Furthermore, edema
and ascites were no longer included in the physical examination
(6). This 7-point SGA has been validated in dialysis patients in
NECOSAD-I (6). As part of the training for NECOSAD, the
research nurses were trained in a workshop to assess the nutri-
tional status of the patients with the 7-point SGA scoring form
according to a standardized protocol. Using a structured evalu-
ation form, the nurses scored the patients’ history of weight
change in the previous 6 mo (subscale 1), dietary intake, and
presence of gastro-intestinal symptoms (loss of appetite, nausea,
vomiting, and diarrhea) (subscale 2), and conducted a physical
examination of loss of subcutaneous fat mass (subscale 3) and
muscle wasting (subscale 4). The criteria for scoring these
subscales were similar to those described in detail by Detsky
et al (4). To obtain a 7-point classification for each of the 4
subscales, each patient is first classified into 1 of the 3 categories
of normal nutritional status, moderate PEW, and severe PEW.
Second, the final scoring is fine-tuned on the basis of clinical
judgment of the following questions: “Can the status of the
patient improve or worsen within the category?,” ‘““What has
been the development/pattern within the past 2 wk?,” and
“What has been the change compared with the previous SGA
assessment?”’ For example, when a patient is classified with
severe PEW, but his or her nutritional status could get worse or it
improved since the previous assessment, a score of 2 is assigned.
When a patient is classified with mild-to-moderate PEW, fine-
tuning takes place on the basis of the question if the status tends
toward severe PEW or to a normal nutritional status or is
somewhere in between. When a patient is classified with a nor-
mal nutritional status, a score of 6 is assigned when it is possible
to improve or when the nutritional status worsened since the
previous assessment. In a subjective weighing of the scores of
the 4 subscales, assigning slightly more weight to the history
part (60%, physical examination 40%), an overall SGA classi-
fication of 1-7 is assigned; a score of 7 indicates a normal nu-
tritional status and a score of 1 indicates severe PEW (5, 6).

Statistical analysis

Mean (£SD) values were calculated for continuous variables
at baseline; categorical variables were expressed in proportions.
Differences in baseline characteristics between SGA categories
were tested with one-factor ANOVA with Bonferroni correction
for post hoc comparisons for continuous variables and with chi-
square tests for categorical variables. Furthermore, we estimated
the relation of the 7-point SGA with the nutritional variables
BMI, nPNA, and serum cholesterol and albumin concentrations
at baseline with univariate linear regression analysis. Observed
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survival per SGA classification was computed with the Kaplan-
Meier method. Cox regression analysis was used to calculate
hazard ratios (HRs; equivalent to relative risks of mortality) with
95% CIs for 7-y all-cause mortality, by using an SGA classifi-
cation of 7 at baseline as the reference category. Because only few
patients obtained an SGA classification of 1 or 2, we performed
all analyses with the patients grouped into 3 SGA categories:
a score of 1-3 indicates severe PEW, 4-5 moderate PEW, and 6-7
a normal nutritional status.

Because nutritional status can vary over time on dialysis, we
also calculated mortality rates for the 3 SGA categories using the
serial SGA measurements of each study visit during follow-up.
Per study visit, follow-up time was assigned to 1 of the 3 SGA
categories until the next study visit or death or loss to follow-up of
the patient. For each SGA category we calculated the sum of
person-years and attributed cases to their last SGA assessment.
The mortality rates were expressed per 100 person-years. We
furthermore performed time-dependent Cox regression analysis
to calculate HRs for the association of the serial measurements of
SGA with subsequent mortality. These relative risks can be con-
sidered as short-term mortality risks. Analyses were adjusted for
age, sex, treatment modality, primary kidney disease, and
comorbidity and performed separately for the SGA subscales. We
used SPSS 14.0 for Windows (SPSS, Chicago, IL) for all analyses.

RESULTS

Patient characteristics

Of the 1940 patients with end-stage renal disease who were
included in NECOSAD-II, 1819 patients were still receiving
dialysis and participating in the study after the first 3 mo of
dialysis, which is considered the baseline of the study. Of these,
1601 patients (978 men and 623 women) patients had a fully
completed SGA available from 3 mo after the start of dialysis and
were included in the present analysis. The mean (*=SD) age and
BMI of these patients was 59 = 15 y and 24.7 = 4.1, re-
spectively, and 63% started hemodialysis treatment. The main
causes of chronic kidney diseases were diabetes mellitus (16%),
glomerulonephritis (14%), and renal vascular diseases (18%). At
3 mo after the start of dialysis, 28% of the patients had moderate
or severe PEW on the basis of an SGA score of 1-5. With regard
to the 4 subscales, 28% of the patients scored 1-5 for weight
change, 20% for dietary intake and gastrointestinal symptoms,
31% for loss of subcutaneous fat mass, and 33% for muscle
wasting. At baseline, the 7-point SGA classification was posi-
tively related to the other nutritional variables: BMI (r = 0.298,
P < 0.001), nPNA (r = 0.083, P < 0.01), serum cholesterol
concentration (r = 0.125, P < 0.001), and serum albumin
concentration (r = 0.183, P < 0.001). Patient characteristics at
baseline per SGA category are shown in Table 1. Patients with
moderate or severe PEW at baseline were older, had a lower
residual renal function, and were at higher risk because of co-
morbidity compared with patients with a normal nutritional
status. Furthermore, BMI, nPNA, and serum cholesterol and
albumin concentrations differed between the 3 SGA categories
(all P < 0.001). The differences in BMI and serum albumin
concentrations were statistically significant between all 3 SGA
categories (all P < 0.001). The difference in nPNA was only
statistically significant between patients with a normal nutri-
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tional status and those with severe PEW (P < 0.01). Serum
cholesterol concentrations in patients with a normal nutritional
status differed from those with moderate PEW (P = 0.012) and
those with severe PEW (P < 0.01), but not between moderate
and severe PEW (P = 0.269; Table 1).

Absolute mortality

The median follow-up of the patients from 3 mo until
a maximum of 7 y on dialysis was 2.7 y (25th, 75th-percentiles:
1.1, 4.0). During follow-up, 660 patients died, 311 (47%) as
a result of cardiovascular disease. Furthermore, 487 patients left
the study because of a kidney transplantation. Other reasons for
censoring during follow-up included recovery of renal function
(n = 19), transfer to a nonparticipating dialysis center (n = 66),
refusal of further participation (n = 165), or other (n = 19). The
cumulative survival during 7 y of follow-up of the dialysis pa-
tients in each of the 7 points of the SGA classification at
baseline is shown in Figure 1 and in the 3 SGA categories in
Figure 2.

On the basis of the serial measurements of SGA, a total of 4202
person-years of follow-up were categorized into the 3 SGA
categories, and cases were attributed to the SGA category of their
last assessment. Time-dependently, the mortality rate in 7 y of
follow-up was 11/100 person-years in those with a normal nu-
tritional status, 30/100 person-years for those with a moderate
PEW, and 69/100 person-years for those with severe PEW.

Relative mortality risks associated with SGA

The long-term and time-dependent associations between the
7 points of the SGA classification and mortality are shown in
Table 2. Compared with an SGA score of 7, each 1-point lower
score was associated with a higher mortality risk. The patients
were grouped into the 3 SGA categories for further analyses.
Compared with a normal nutritional status at baseline (SGA
score: 6-7), the crude HR associated with a moderate PEW
(SGA score: 4-5) was 1.9 (95% CI: 1.6, 2.2) and with a severe
PEW (SGA score: 1-3) was 2.6 (95% CI: 2.0, 3.5). The mor-
tality risks of the time-dependent measurements of the overall
SGA classification and its 4 subscales are shown in Table 3,
both crude and adjusted for age, sex, treatment modality, pri-
mary kidney disease, and comorbidity. Time-dependently, se-
vere PEW was associated with a 5-fold increased mortality risk
(HR: 5.2; 95% CI: 4.0, 6.8). Similar to the overall SGA clas-
sification, all subscales were dose-dependently associated with
mortality. The adjusted mortality risks associated with baseline
and time-dependent SGA categories are shown in Figure 3.

DISCUSSION

This prospective observational study in chronic dialysis
patients was the first to detect a dose-response trend of the 7-point
SGA classification in relation to all-cause mortality. Severe PEW
at baseline, as assessed with the 7-point SGA, was independently
associated with a 2-fold increased mortality risk in 7 y of follow-
up. In time-dependent analyses, this association was even
stronger, 5-fold, indicating that PEW was associated with a re-
markably high risk of short-term mortality.

Our study showed that, compared with an SGA score of 7, each
1-point lower score was associated with a higher mortality risk,
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TABLE 1

pE MUTSERT ET AL

Characteristics of 1601 chronic dialysis patients 3 mo after the start of dialysis, per subjective global assessment

(SGA) category of protein-energy wasting (PEW)’

SGA category’

Variable Severe PEW Moderate PEW Normal nutrition
Subjects at risk [n (%)] 81 (5) 367 (23) 1153 (72)
Sex (% men) 68 59 61
Age (y) 64 = 15° 63 £ 15 58 £ 15
Ethnicity (% white) 91 92 93
Primary kidney disease (%)
Diabetes mellitus 10 16 17
Glomerulonephritis 10 11 15
Renal vascular dis. 30 21 16
rGFR (mL - min~' - 1.73 m™?) 23+22 32+29 4.1 %30
Treatment with HD (%) 79 73 58
Comorbidity
CVD (%) 51 39 33
Diabetes mellitus (%) 20 24 22
Malignancy (%) 12 13 8
Khan index (% high) 41 37 24
BMI (kg/m?>)* 209 =29 23.6 =43 253 =39
nPNA (g - kg™ '-d!y’ 0.93 + 0.20 1.00 + 0.23 1.02 + 0.22
Serum cholesterol (mmol/L)° 46 £ 15 49 £ 1.3 51+13
Serum albumin (g/L)* 33.0 £ 59 355 £57 36.6 = 4.8

! YGFR, residual glomerular filtration rate corrected for body surface area; CVD, cardiovascular disease; HD, hemo-

dialysis; nPNA, normalized protein nitrogen appearance. Differences in baseline characteristics between the 3 SGA
categories were tested by using chi-square tests for categorical variables (all P < 0.001) and one-factor ANOVA (all
P < 0.001) with Bonferroni correction for post hoc comparisons to test the differences between the nutritional variables
BMI, nPNA, serum cholesterol and albumin concentrations, age, and rGFR.

2 Seven-point scale of nutritional status in 3 categories: severe PEW (score: 1-3), moderate PEW (score: 4-5), and

normal nutritional status (score: 6-7).
3 Mean *+ SD (all such values).

4P < 0.001 for the differences between all 3 SGA categories.
9P < 0.01 for the difference between a normal nutritional status and severe PEW, P = 0.293 for the difference
between moderate PEW and a normal nutritional status, and P = 0.107 for the difference between moderate PEW and

severe PEW.

6P < 0.012 for the difference between a normal nutritional status and moderate PEW, P < 0.01 for the difference
between a normal nutritional status and severe PEW, and P = 0.269 for the difference between moderate and severe PEW.

showing a dose-response trend. A study of the concurrent validity
of the 3-point SGA compared with total body nitrogen showed
that the SGA was only able to determine the presence of severe
malnutrition and not the degree of malnutrition (15). Total body
nitrogen can be considered the gold-standard method of nutri-
tional status in dialysis patients. However, only 76 dialysis pa-
tients were included in this study, which may not have been
sufficient to detect differences between the different SGA cat-
egories. In our study of 1601 dialysis patients, the 7-point SGA
correlated well with other nutritional variables at baseline. Un-
fortunately, we could not study concurrent validity by compar-
ing the SGA with a reference method of nutritional status.
However, the strength of the association of the SGA with future
adverse health outcome may be considered highly clinically
relevant. Several studies showed that the SGA is associated with
morbidity, hospitalization, and mortality (9—12). In addition to
these results, our results imply that the 7-point SGA may validly
distinguish different degrees of PEW associated with increasing
risks of mortality.

The 7-point SGA provides more possibilities for classifying
patients than does the 3-point scale. In addition, our study pro-
vides evidence that each point on the 7-point scale may distin-
guish a different degree of PEW. Furthermore, especially because

the pattern of weight loss is considered important in scoring the
SGA classification (4), small improvements or deteriorations
within each category may be detected earlier and more easily
monitored with the 7-point scale. For routine monitoring of the
patient in clinical practice, this implies that every single point
change on the 7-point SGA during follow-up can help dietitians
detect early any worsening within each category, which would
indicate that treatment should be started or altered, or detect the
first signs of improvement in response to treatment.

The SGA is a simple method for scoring nutritional status in
a standardized way and for capturing different aspects of nu-
tritional status during one clinical examination. The subjective
nature of the SGA may appear to be a disadvantage. Despite its
subjective nature, both the intraobserver and interobserver reli-
abilities of the SGA have been found to be adequate in several
studies (6, 8, 9). To gain maximum benefit of the reliability of
the SGA, it has been suggested that one observer or a select
group of observers perform the assessment (6). However, one
study even showed substantial reliability of the SGA after web-
based training of 54 dietitians with a different background (9).
Moreover, the clinical judgment of health care providers may be
valuable when obtaining the overall SGA classification. In
NECOSAD-II, >2 trained research nurses performed the SGA
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FIGURE 1. Kaplan-Meier cumulative survival during 7 y of follow-up of
1601 chronic dialysis patients per subjective global assessment classification
at baseline. A score of 7 indicates a normal nutritional status; a score of 1
indicates severe protein-energy wasting. NR, number of patients at risk; ND,
number of deaths.

measurements to maximize interobserver and intraobserver
reliability. Although we cannot completely rule out mis-
classification that occurred at baseline or during follow-up, any
misclassification would most likely result in bias toward the
null, whereas we detected a dose-response relation of the 7-point
SGA with mortality.

Because of the low number of patients with an SGA classi-
fication score of 1 or 2 at the start of dialysis, we defined an SGA
classification score of 1-3 as severe PEW in our study. Only 5%
of the patients in our study population were classified as having
severe PEW compared with 10% in other dialysis populations
(20). A possible explanation may be the duration of predialysis
care. On average, our patients had been receiving predialysis
care for 1 y before the start of dialysis treatment, which may be
shorter in other populations.

In our study, patients with moderate or severe PEW at baseline
seemed older and sicker than patients with a normal nutritional
status at baseline. Because a poor health status may accompany
a poor nutritional status, this may have confounded our results.
After adjustment for age, sex, treatment modality, primary kidney
disease, and comorbidity, the short-term mortality in patients
with PEW was 2- to 5-fold increased. It is unlikely that unknown
or imperfectly measured confounders could completely explain
these risks. However, because of the observational study design,
we cannot rule out residual confounding due to unknown
confounders.

Many modifications of the SGA are being used in the dialysis
population (4, 21-25). A recent study compared several sim-
plified nutritional screening tools in hemodialysis patients with
the Malnutrition-Inflammation Score (MIS), a fully quantitative
version of the SGA that includes 3 additional items (BMI, serum
albumin, and serum total-iron-binding capacity) and concluded
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FIGURE 2. Kaplan-Meier cumulative survival during 7 y of follow-up of
1601 chronic dialysis patients per subjective global assessment (SGA)
category at baseline. A score of 1-3 indicates severe protein-energy
wasting, 4-5 indicates moderate protein-energy wasting, and 6-7 indicates
a normal nutritional status. NR, number of patients at risk; ND, number of
deaths.

that the Geriatric Nutritional Risk Index, combining weight loss
and serum albumin, was the simplest and most accurate risk index
for identifying hemodialysis patients at risk of PEW according to
the MIS (26). However, by including serum albumin, a marker of
inflammation, these tools may in part assess the risk due to
inflammation. Indeed, MIS was found to be comparable with

TABLE 2

Relative risks of mortality of 7-y (long-term) mortality associated with the
7-point subjective global assessment (SGA) classification at baseline and
with the time-dependent SGA measurements in 1601 chronic dialysis patients

Hazard ratio (95% CI)’

SGA at baseline Time-dependent SGA

SGA? Crude Adjusted® Crude Adjusted®
7 (n = 564) 1 1 1 1

6 (n=>58) 14(1.1,1.7) 1.1(09,1.3) 1.6(1.3,2.0) 1.1(0.9, 1.3)
50m =265 2.1(1.626) 15(.2,19 2923,37 15(1.2 18)
4(n=102) 270,360 201527 45@34,59 24(1.8,32)
3(n=56) 2.7(1.8,3.8) 1.9(1.3,2.8) 6.9 (4.8,9.8) 3.0(2.1,4.3)
2 =22 50(3.0,83) 43(25,72) 9.7 (6.3, 14.8) 3.7 (2.4,5.7)
ln=3) 28(0.7,113) 1.8(04,7.3) 7.7 (3.4, 174) 6.6 (3.7, 11.6)

! Cox regression analysis was used to calculate hazard ratios and 95%
ClIs relative to an SGA score of 7 as the reference.

2 Seven-point scale of nutritional status: a score of 7 indicates a normal
nutritional status, and a score of 1 indicates severe protein-energy wasting.

7 Analyses were adjusted for age, sex, treatment modality, primary
kidney disease, and comorbidity.
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TABLE 3

pE MUTSERT ET AL

Relative risks of mortality associated with serial measurements of the overall subjective global assessment (SGA)
classification and its 4 subscales in 3 categories in 1601 chronic dialysis patients

Hazard ratio (95% CI)’

SGA score’ Weight loss Intake and gastrointestinal symptoms Loss of fat mass Muscle wasting SGA classification
Crude

6-7 1 1 1 1 1

4-5 2.0 (1.7, 2.4) 2.6 (2.2,3.1) 2.3 (1.9,2.7) 2.5(2.1,29) 2.7 (2.3,3.2)

1-3 4.13.2,5.3) 6.2 (4.7, 8.0) 5.0 (3.9, 6.4) 6.0 (4.7,7.5) 6.4 (4.9, 8.3)
Adjusted’

6-7 1 1 1 1 1

4-5 1.7 (1.4, 2.0) 2.1 (1.8, 2.6) 1.8 (1.5,2.2) 1.9 (1.6, 2.2) 2.1 (1.8,2.5)

1-3 3.5(2.7,45) 55(4.3,72) 3.8(29,49) 44 (35,5.5) 5.2 (4.0, 6.8)

! Time-dependent Cox regression analysis was used to calculate hazard ratios and 95% ClIs relative to an SGA score of

7 as the reference.

2 Seven-point scale of nutritional status in 3 categories: severe PEW (score: 1-3), moderate PEW (score: 4-5), and

normal nutritional status (score: 6-7).

¥ Analyses were adjusted for age, sex, treatment modality, primary kidney disease, and comorbidity.

serum C-reactive protein and serum interleukin-6 concentrations
in predicting hospitalization and mortality (24). Our results
showed that all 4 subscales of the SGA were strongly associated
with mortality, which suggests that the subscales are equally
important in the assessment of the nutritional status of dialysis
patients.

With the SGA we aimed to associate the presence of PEW in
dialysis patients with the risk of mortality due to PEW and not to
inflammation or comorbidity. PEW in the dialysis population,
however, may be a consequence of both a decreased dietary
intake (because of loss of appetite, anorexia, or a protein-
restricted diet before the start of dialysis) and increased require-
ments as a result of disease or increased nutrient losses (because
of increased energy expenditure, presence of inflammation, or
nutrient losses via the dialysate) (1). Therefore, additional nu-
trients alone may not be sufficient to restore the nutritional status
of the patient. Although results of recent randomized trials with
nutritional therapy in combination with resistance exercise and/
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FIGURE 3. Relative risks of mortality [hazard ratios (HRs) and 95% Cls]
per baseline and time-dependent subjective global assessment (SGA)
categories in 1601 chronic dialysis patients, calculated with Cox
regression analysis and adjusted for age, sex, treatment modality, primary
kidney disease, and comorbidity. PEW, protein-energy wasting. W, 7-y
mortality risk by baseline SGA; A, time-dependent mortality risk by SGA.

or anabolic stimuli are promising (27-29), their effects on sur-
vival need to be established.

Because severe PEW was associated with a 5-fold increased
mortality risk in the subsequent half year, patients progressing to
this stage of PEW must be prevented as much as possible.
Furthermore, because an SGA classification of as high as 5 was
associated with an increased mortality risk, routine monitoring of
the nutritional status of dialysis patients is important because
PEW is more difficult to treat when it is severe (2). Early de-
tection of the first signs of PEW allows early treatment to an-
ticipate nutritional depletion, and, most importantly, to prevent
any further deterioration (2). Therefore, the nutritional status of
dialysis patients should be assessed regularly in accordance with
the recent EBPG guidelines (14). Our results imply that the 7-point
SGA can be used in clinical practice to distinguish different
degrees of PEW associated with increasing risks of mortality.
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