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Abstract

Background: This study was designed to determine the prevalence of protein-energy wasting (PEW) and its various
types in hemodialysis (HD) patients in Tehran, Iran. Methods: For this cross-sectional study, 291 HD patients were
randomly selected. The nutritional status of the patients was determined by subjective global assessment (SGA) and
their dietary intakes were assessed using a 4-day dietary recall. In addition, serum high-sensitive C-reactive protein
(hs-CRP) was measured. Results: The prevalence of mild-to-moderate and severe PEW based on SGA was 60.5% and
1% in Tehran HD patients, respectively. The prevalence of various types of PEW in HD patients was 20.5% type I
(inadequate energy or protein intake without inflammation), 65.5% type IIa (inadequate energy or protein intake with
inflammation), and 14% type IIb (adequate energy and protein intake with inflammation). Of the total HD patients with
no PEW based on SGA, about 3.5% had type 0 normal nutritional status (adequate energy and protein intake without
inflammation), 34% had type I normal nutritional status (inadequate energy or protein intake without inflammation),
55.5% had type IIa normal nutritional status (inadequate energy or protein intake with inflammation), and 7% had type
IIb normal nutritional status (adequate energy and protein intake with inflammation). Conclusion: PEW in Tehran HD
patients is considerably prevalent and PEW type IIa is the most common type. In addition, HD patients with no PEW
based on SGA should also be paid attention because they may be in the early stages of inadequate intake of energy
and/or protein and inflammation.

Keywords: protein-energy wasting, subjective global assessment, inflammation, hemodialysis, Iran

INTRODUCTION

Protein-energy wasting (PEW), defined as reduced body
protein mass and fuel reserves (body protein and fat mass),
is prevalent in hemodialysis (HD) patients.1–3 The etiology
of PEW in HD patients is complex and its two major
causes are inadequate intake of energy and/or protein and
increased catabolism as a result of high production of
inflammatory cytokines;2,4–6 in these patients, there are
three types of PEW: type I PEW (resulting from inadequate
intake of energy and/or protein without inflammation);
type IIa PEW (resulting from inadequate intake of energy
and/or protein and inflammation), and the third type or
type IIb PEW (resulting from inflammation without

inadequate intake of energy and/or protein).7–9 PEW
results in a poor quality of life and increased morbidity
andmortality in HDpatients.1,3,4,10,11More complications
result from type II PEW (IIa or IIb), which is associated
with inflammation, than from type I PEW; the treatment of
type II PEW is also more complicated and differs from that
of type I PEW.7,8

Descriptive studies conducted in various countries
have reported the prevalence of PEW in HD patients to
range between 16% and 90%.1–6,12 In addition, some
studies show that the prevalence of energy and/or protein
deficiency ranges between 51% and 70% in these
patients.13,14
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Although most Iranian patients with end-stage renal
disease are being hemodialyzed in Tehran (the capital
of Iran), to our knowledge, no comprehensive study has
yet been documented on the prevalence of PEW in
Iranian HD patients. In addition, available literature
reveals no investigation worldwide reporting the preva-
lence of the various types of PEW in HD patients. This
study was therefore designed to determine the preva-
lence of PEW and its various types in HD patients in
Tehran, Iran.

MATERIALS AND METHODS

For this cross-sectional study, using systematic sam-
pling, we randomly selected 291 HD patients from
among 2302 eligible adult HD patients in 50 HD centers
in Tehran. The inclusion criteria were age�18 years and
being on HD for at least 6 months, while the exclusion
criteria were HIV infection and hepatitis B. The under-
lying causes of renal failure in the participating patients
were diabetes mellitus (39%), hypertension (28%), urin-
ary infection (9%), polycystic kidney disease (5.5%),
nephrolithiasis (2.5%), nephrotic syndrome (2%), and
other or unknown causes (14%).

Eighty-nine percent of participating patients were on
HD treatments three times a week (4 h per session), while
11% patients had treatments twice weekly. All patients
enrolled were hemodialyzed using polysulfone capillary
dialyzers and bicarbonate dialysate. The study protocol
was approved by the Ethics Committee of the National
Nutrition and Food Technology Research Institute of
Iran. The study was in adherence with the Declaration
of Helsinki. Written informed consent was obtained
from all patients.

Subjective global assessment (SGA), a valid, reliable,
and commonly used tool was applied to determine the
presence of PEW.15–19 The original SGA form is based on
a nutrition-related medical history and a brief physical
examination;17,19 medical history includes weight change
during past 6 months, dietary intake, gastrointestinal
symptoms, functional capacity, and co-morbidities, and
the physical examination includes assessing loss of sub-
cutaneous fat, muscle wasting, and nutrition-associated
alterations in fluid balance (presence of edema and/or
ascites).17,19 Each of these components was scored
separately as A, B, or C; an overall score of A (well
nourished), B (mild-to-moderate PEW), or C (severe
PEW), depended on the most predominant score (A, B,
or C) obtained in the different sections of the SGA.20–22

Before beginning the study, for evaluating the degree
of reproducibility the SGA form was completed by a
trained physician for a subset of 16 HD patients. After
1 week, the SGA was repeated on the same subset with-
out reference to the first evaluation. Spearman’s correla-
tion coefficient between the two sets of SGAwas 0.71(p<
0.01), denoting an acceptable degree of reproducibility.

Dietary intakes of patients were assessed by a trained
dietician using a 4-day diet diary-assisted recall (also
referred to as a 4-day diet record), including two dialysis
days and two nondialysis days. Patients’ diets were
analyzed by Nutritionist IV software (N Squared
Computing, San Bruno, CA, USA) to determine daily
intakes of energy and protein, which were compared
with dietary guidelines forHDpatients.23Dry postdialysis
weight was used for calculating energy or protein intake
per kg of body weight in HD patients with body mass
index (BMI) � 25 kg/m2, whereas adjusted dry
postdialysis weight was applied for patients with
BMI > 25 kg/m2.18 Patients’ height and weight were
determined at the end of one of the dialysis sessions. In
addition, after a 12- to 14-h fast, 4mL blood was obtained
from each patient before dialysis to measure serum urea,
creatinine, albumin, and high-sensitive C-reactive protein
(hs-CRP). Serum creatinine, urea, and albumin were
assessed using commercial kits (Pars-Azmoon, Tehran,
Iran) with the aid of a Selectra 2 Autoanalyzer (Vital
Scientific, Spankeren, The Netherlands). Coefficients of
variation (CVs) for these biochemical parameters were
less than 3%. Serum hs-CRP was determined using
enzyme-linked immunosorbent assay kits (Diagnostics
Biochem Canada, London, Canada), with a CV of 4.6%.

Dialysis adequacy, based on the Kt/V index was deter-
mined for each patient by a Kt/V calculator, using infor-
mation recorded in patient files, including predialysis
blood urea nitrogen (BUN) concentration, postdialysis
BUN, the dialysis session length, postdialysis weight, and
ultrafiltration volume24; of the 291 HD patients, infor-
mation regarding their Kt/V index was available only for
246 HD patients.

In this study, HD patients who had PEW based on
SGA, according to intakes of energy and protein and
inflammation (hs-CRP > 3 mg/L), were classified into
three groups7–9: (1) patients with type I PEW (inade-
quate energy and/or protein intake without inflamma-
tion), (2) patients with type IIa PEW (inadequate
energy and/or protein intake with inflammation), and
(3) patients with type IIb PEW (adequate energy and
protein intake with inflammation).

It is important to note that HD patients without PEW
based on SGA may be in the early stages of inadequate
intakes of energy and protein or inflammation, which is
why their nutritional status may still seem normal; these
patients without PEW based on SGA, according to
intakes of energy and protein and inflammation, were
classified into four groups: (1) patients with type 0 nor-
mal nutritional status (adequate energy and protein
intake without inflammation), (2) patients with type I
normal nutritional status (inadequate energy and/or pro-
tein intake without inflammation), (3) patients with type
IIa normal nutritional status (inadequate energy and/or
protein intake with inflammation), and (4) patients with
type IIb normal nutritional status (adequate energy and
protein intake with inflammation).

© 2012 Informa Healthcare USA, Inc.
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Statistical Analysis
Statistical analysis of the data was performed using the
Statistical Package for the Social Sciences (SPSS, Inc.,
Chicago, IL, USA) for windows version 16.0. A chi-square
test was used to determine the associations between quali-
tative variables. Because all quantitative parameters had
normal distribution according to the Kolmogorov–
Smirnov test, we used a one-way analysis of variance
(ANOVA) to compare quantitative parameters between
the groups. If the result of ANOVA test was significant,
the Bonferroni test was used for multiple comparisons.
A p-value �0.05 was considered statistically significant.

RESULTS

Characteristics of HD patients are shown in Table 1. In
this study, based on SGA, 38.5% of HD patients were
well nourished and the prevalences of mild-to-moderate
and severe PEW were 60.5% and 1% in HD patients,
respectively (Table 1).

There were significant associations between the pre-
valence of PEW with gender (p < 0.01), the age of
patients (p < 0.001), microinflammation (p < 0.01),
and dietary intakes of energy and protein (p < 0.05;
Table 2). No significant associations however were
found between the prevalence of PEW with HD vintage
and dialysis adequacy (Table 2).

Results of this study showed that dietary intakes of
energy and protein were lower than recommended

intakes in 88% and 84.5% of HD patients, respectively
(Table 1).

The prevalences of various types of PEW in HD
patients were 20.5% for type I (inadequate energy and/
or protein intake without inflammation), 65.5% for type
IIa (inadequate energy and/or protein intake with inflam-
mation), and 14% for type IIb (adequate energy and
protein intake with inflammation; Table 3).

Mean dietary intakes of energy and protein did not
differ significantly between HD patients with PEW
types I and IIa (Table 3); however, dietary intakes of
energy and protein were significantly lower in HD
patients with PEW type I or type IIa, when compared to
HD patients with PEW type IIb (p < 0.01; Table 3).

Mean serum CRP was significantly higher in HD
patients with PEW type IIa or type IIb, when compared
to HD patients with PEW type I (p < 0.001; Table 3).

In HD patients with PEW type I, who do not have
inflammation, mean serum albumin was in the normal
range (>4 g/dL), whereas in HD patients with PEW type
IIa or type IIb, who have inflammation, this concentration
was in themildly deficient range (3.5–3.99 g/dL; Table 3).

There were no significant differences among HD
patients with PEW type I, IIa, and IIb with regard to
HD vintage and dialysis adequacy (Table 3).

Of all the HD patients without PEW, based on SGA,
about 3.5% had type 0 normal nutritional status (ade-
quate energy and protein intake without inflammation),
34% had type I normal nutritional status (inadequate
energy and/or protein intake without inflammation),
55.5% had type IIa normal nutritional status (inadequate
energy and/or protein intake with inflammation), and 7%
had type IIb normal nutritional status (adequate energy
and protein intake with inflammation; Table 3).

Mean dietary intakes of energy and protein were sig-
nificantly lower in HD patients with normal nutritional
statuses types I and IIa, when compared to HD patients
with normal nutritional statuses types 0 and IIb (p <
0.01; Table 3).

Mean serum CRP was significantly higher in HD
patients with normal nutritional statuses types IIa and
IIb, when compared to HD patients with normal nutri-
tional statuses types 0 and I (p < 0.001; Table 3).

In HD patients with normal nutritional statuses types
0, I, IIa, and IIb, the mean serum albumin concentration
was in the normal range (>4 g/dL), with no significant
differences (Table 3). In addition, no significant differ-
ences were observed among HD patients with normal
nutritional statuses types 0, I, IIa, and IIb with regard to
HD vintage and dialysis adequacy (Table 3).

DISCUSSION

This study showed that the prevalences of mild-to-
moderate and severe PEW were 60.5% and 1%, respec-
tively, in adult HD patients of TehranHD centers in Iran,
a finding in agreement with those of previous studies from

Table 1. Characteristics of the HD patients and prevalence of
PEW, and inadequate intakes of energy and protein.

Characteristics All patients (n ¼ 291)

Age (year)
18–40 45 (15.5%)
41–60 99 (34%)
>60 147 (50.5%)

Sex
Men 164 (56%)
Women 127 (44%)

Dialysis vintage (year)
�1 60 (21%)
1–5 149 (51%)
5–10 61 (21%)
>10 21 (7%)

Dialysis adequacy (Kt/V)
<1.2 113 (46%)
�1.2 133 (54%)
Diabetes 114 (39%)
Hepatitis C 16 (5.5%)
Serum creatinine (mg/dL) 9 � 0.2
Serum urea (mg/dL) 123 � 1.7

Prevalence
Well nourished 112 (38.5%)
Mild-to-moderate PEW 175 (60.5%)
Severe PEW 3 (1%)
Inadequate energy intake 275 (88%)
Inadequate protein intake 246 (84.5%)

Note: Serum creatinine and urea are presented as mean� standard
error (SE).
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various countries; Tayyem et al., in a study from Jordan,
showed that 56.2% of HD patients had mild-to-moderate
PEW and 5.6% had severe PEW.25 In the study by
Tapiawala et al., the prevalences of mild-to-moderate
and severe PEW were 58 and 0%, respectively.26 Morais
et al., in a study from Brazil, reported that based on a
modified SGA, 90.9% HD patients had moderate PEW
and 4.6% had severe PEW.6 In a study conducted in
Stockholm, Sweden, Qureshi et al. reported the preva-
lences of mild and moderate-to-severe PEW to be 51%
and 13%, respectively.27

PEW leads to a poor quality of life and increased
morbidity and mortality in HD patients.10 Inadequate
energy and protein intakes are among the main causes of
PEW in HD patients.4 Our study showed that dietary
intakes of energy and protein in a large percentage of HD
patients (88% and 84.5%, respectively) were lower than
recommended intakes and there was a significant asso-
ciation between the prevalence of PEW with dietary
intakes of energy and protein. Available literature shows
that the most significant cause for these inadequate
intakes in HD patients is anorexia.5 Evidence shows

Table 3. Prevalence of various types of PEW and normal nutritional statuses in the HD patients and a comparison of their characteristics.

Various types of PEW

Parameters PEW type I (n ¼ 36) PEW type IIa (n ¼ 115) PEW type IIb (n ¼ 25)

Prevalence (%) 20.5 65.5 14.0
Dietary energy intake (kcal/kgbw/d) 22 � 1.2� 21 � 0.5� 33 � 1.0
Dietary protein intake (g/kgbw/d) 0.85 � 0.05� 0.79 � 0.02� 1.30 � 0.04
Serum CRP (mg/L) 1.2 � 0.1 7.5 � 0.2�� 7.1 � 0.4��

Serum albumin (g/dL) 4.15 � 0.04 3.98 � 0.03��� 3.98 � 0.07
Dialysis vintage (month) 59 � 10 53 � 5.0 55 � 7.5
Dialysis adequacy (Kt/V) 1.4 � 0.07 1.2 � 0.03 1.2 � 0.07

Various types of normal nutritional statuses

Type 0 (n ¼ 4) Type I (n ¼ 38) Type IIa (n ¼ 62) Type IIb (n ¼ 8)

Prevalence (%) 3.5 34.0 55.5 7.0
Dietary energy intake (kcal/kgbw/d) 40 � 3.9 25 � 1.2���� 22 � 0.8���� 42 � 3.1
Dietary protein intake (g/kgbw/d) 1.5 � 0.17 0.9 � 0.05���� 0.8 � 0.03���� 1.6 � 0.11
Serum CRP (mg/L) 0.9 � 0.4 1.3 � 0.1 6.6 � 0.3����� 6.2 � 0.7�����

Serum albumin (g/dL) 4.4 � 0.08 4.4 � 0.06 4.2 � 0.04 4.2 � 0.10
Dialysis vintage (month) 69 � 17 51 � 11 42 � 4 61 � 23
Dialysis adequacy (Kt/V) 1.1 � 0.09 1.3 � 0.06 1.17 � 0.04 1.14 � 0.15

Notes: All values are presented as mean � SE, except prevalence.
�p< 0.01 versus type IIb; ��p< 0.001 versus type I; ���p< 0.05 versus type I; ����p< 0.01 versus types 0 and IIb; and �����p< 0.001 versus types
0 and I.

Table 2. Prevalence of PEW in the HD patients based on different factors.

PEW

Variable Yes No p-Value

Sex
Men 89 (54%) 75 (46%) <0.01
Women 89 (71%) 37 (29%)

Age (year)
<60 59 (45%) 73 (55%) <0.001
�60 119 (75%) 39 (25%)

Dialysis vintage (year)
�5 122 (59%) 86 (41%) NS
>5 56 (68%) 26 (32%)

Dialysis adequacy (Kt/V)
�1.2 86 (65%) 47 (35%) NS
<1.2 67 (60%) 45 (40%)

Microinflammation
Yes (hs-CRP > 3 mg/L) 140 (67%) 69 (33%) <0.01
No (hs-CRP � 3 mg/L) 37 (46%) 43 (54%)

Dietary intakes of energy and protein
Adequate energy and protein intake 6 (33%) 12 (67%) <0.05
Inadequate energy and/or protein intake 172 (63%) 100 (37%)

Note: NS, nonsignificant.

© 2012 Informa Healthcare USA, Inc.
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that anorexia may be induced by uremic toxins, inflam-
mation, altered serum amino acid patterns, changes in
secretion of hormones and neurotransmitters affecting
the appetite, and by underlying illnesses such as infec-
tions and emotional disorders, particularly depression,
which occurs commonly in patients with chronic renal
failure.5,28 Other causes of inadequate energy and pro-
tein intakes in HD patients are the physical or economic
inability to purchase food, dental problems, reduced
food consumption to prevent hyperkalemia or hyperpho-
sphatemia, and further dietary restrictions because of
underlying illnesses such as diabetes.5,23,29

Another important cause of PEW in HD patients is
inflammation,7 and in our study, there was a significant
association between the prevalence of PEW with inflam-
mation. In HD patients, chronic inflammation may
result from the repeated contact of blood mononuclear
cells with dialysis tubes and dialyzer membranes, impu-
rities in the dialysis water and/or dialysis solution,
decreased clearance of inflammatory cytokines, and oxi-
dative and carbonyl stress.30 Inflammation may mediate
PEW through suppressing appetite and increasing skele-
tal muscle protein breakdown.7,31

In our study, a significant association was found
between PEW and gender. The frequency of PEW in
female HD patients was significantly higher when com-
pared to their male counterparts, which may be due to a
higher prevalence of emotional disorders, particularly
depression, in women,5 resulting in reduced food con-
sumption and consequently PEW. The frequency of
PEW was significantly higher in HD patients, aged �60
years, compared to those below the age of 60 years, which
may be due to a higher prevalence of infections, emo-
tional disorders, particularly depression, physical or eco-
nomic inability to purchase food, and dental problems.5

Since the two main causes of PEW in HD patients are
inadequate energy and/or protein intakes and inflamma-
tion, HD patients found to have PEW based on SGA,
according to their energy and protein intakes and inflam-
mation, can be classified into three groups7–9: (1) HD
patients with type I PEW (inadequate energy and/or
protein intake without inflammation), (2) HD patients
with type IIa PEW (inadequate energy and/or protein
intake with inflammation), and (3) HD patients with
type IIb PEW (adequate energy and protein intake with
inflammation). Available literature reveals no investiga-
tion documented worldwide on the prevalence of various
types of PEW in HD patients.

In our study, the prevalences of various types of PEW
in HD patients were 20.5% for type I, 65.5% for type IIa,
and 14% type IIb, indicating that PEW in the majority of
HD patients results from inadequate energy and/or pro-
tein intakes in combination with inflammation.

Considering the differences in the three types of PEW
in HD patients, treatment strategies for each type are
different; in HD patients with PEW type I, nutrition
counseling and adequate intakes of energy and protein
are probably sufficient for treatment;8 however, HD

patients with PEW type IIb, for adequate treatment,
require the chronic inflammation to be eliminated.8 In
recent years, several studies demonstrated that l-carni-
tine supplement could reduce inflammatory markers in
HD patients.32–36 In HD patients with PEW type IIa,
nutrition counseling and adequate intakes of energy and
protein in combination with elimination of chronic
inflammation are necessary for treatment.

Serum albumin concentration was lower in HD
patients with PEW types IIa and IIb, when compared to
HD patients with PEW type I, most probably because of
chronic inflammation inHD patients with PEW types IIa
and IIb. Serum albumin is a negative, acute phase
protein and inflammatory cytokines reduce albumin
synthesis in liver.30

In this study, HD patients without PEW based on
SGA, according to intakes of energy and protein and
inflammation, were classified into four groups: (1)
patients with type 0 normal nutritional status (adequate
energy and protein intake without inflammation), (2)
patients with type I normal nutritional status (inadequate
energy and/or protein intake without inflammation), (3)
patients with type IIa normal nutritional status (inade-
quate energy and/or protein intake with inflammation),
and (4) patients with type IIb normal nutritional status
(adequate energy and protein intake with inflammation).
Our results demonstrated the prevalence of various types
of normal nutritional statuses in HD patients to be 3.5%
type 0, 34% type I, 56% type IIa, and 6.5% type IIb.
Hence, this study showed that the majority of HD
patients without PEW had inadequate energy and/or
protein intake without inflammation or in combination
with inflammation; however, because the inadequacy of
intakes of energy and protein or inflammation are in the
early stages, the nutritional status of these HD patients
based on SGA appears to be still normal. Therefore, even
if HD patients based on SGA have no PEW, nutrition
specialists should assess their energy and protein intakes
and inflammation in these patients; the nutritional coun-
seling, adequate intakes of energy and protein, and elim-
ination of any inflammation could be effective in helping
them to prevent PEW.

In conclusion, PEW in Iranian HD patients is consid-
erably prevalent, with PEW type IIa being the most com-
mon type. It is important that HD patients without PEW
based on SGA also be monitored because they may be in
the early stages of energy and protein intake inadequacy
and inflammation.
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