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Improving Albumin Levels Among Hemodialysis Patients: A
Community-Based Randomized Controlled Trial

Janeen B. Leon, MS, RD, LD, Jeffrey M. Albert, PhD, Gina Gilchrist, RD, LD, Irving Kushner, MD,
Edith Lerner, PhD, Suzanne Mach, MS, RD, LD, Angela Majerle, RD, LD, David Porter, BA,

Edmond Ricanati, MD, Laurine Sperry, RD, LD, Catherine Sullivan, BS,
Jennifer Zimmerer, MS, RD, LD, and Ashwini R. Sehgal, MD

Background: Low albumin level is a strong predictor of mortality and morbidity among hemodialysis patients, yet
ew interventions are available to improve albumin levels. Moreover, the relative importance of nutritional barriers
ersus inflammation in contributing to hypoalbuminemia is unclear. We sought to determine whether targeting
pecific nutritional barriers will improve albumin levels. Methods: We conducted a randomized controlled trial
nvolving 180 patients with baseline albumin levels less than 3.7 g/dL (<37 g/L) at 44 long-term hemodialysis
acilities. Study coordinators identified and intervened on specific barriers present among intervention patients,
hereas control patients continued to receive the usual care. Barriers targeted included poor nutritional knowl-
dge, poor appetite, help needed with shopping or cooking, low fluid intake, inadequate dialysis dose, depression,
ifficulty chewing, difficulty swallowing, gastrointestinal symptoms, and acidosis. Results: At baseline, interven-

ion and control patients had similar albumin levels, dietary intakes, levels of inflammatory markers, and numbers
f nutritional barriers. After 12 months, intervention patients had greater increases in albumin levels compared with
ontrol patients (�0.21 versus �0.06 g/dL [�2.1 versus �0.6 g/L]; P < 0.01), as well as greater increases in energy
ntake (�4.1 versus �0.6 Kcal/d/kg; P < 0.001) and protein intake (�0.13 versus �0.06 g/d/kg; P < 0.001). The
ntervention appeared most effective for barriers related to poor nutritional knowledge, help needed with shopping
r cooking, and difficulty swallowing. About half the subjects had elevated levels of inflammatory markers, but
here was no relationship between change in levels of albumin and inflammatory markers. Conclusion: A nutrition
ntervention tailored to patient-specific barriers resulted in modest improvements in albumin levels regardless of
evels of inflammatory markers. Am J Kidney Dis 48:28-36.
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Editorial, p. 171

YPOALBUMINEMIA frequently is present
in hemodialysis patients and correlates

trongly with mortality and morbidity.1,2 Estab-
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ishing the causality of this relationship would
equire showing that interventions that correct
ypoalbuminemia also improve mortality and
orbidity.3 However, few good strategies exist

o improve albumin levels in hemodialysis pa-
ients. Moreover, many hemodialysis patients
ave high levels of C-reactive protein, an acute-
hase reactant that is elevated in patients with
nflammatory states.4-6 Because albumin levels
ecrease in patients with inflammatory states, it
s unclear to what extent hypoalbuminemia is a
esult of malnutrition or simply a reflection of
nflammatory states.

We reasoned that efforts to improve albumin
evels should be based on an understanding of
atient-specific barriers. In previous work, we
dentified a number of potentially modifiable
utritional barriers, including poor nutritional
nowledge, poor appetite, help needed with shop-
ing or cooking, low fluid intake, and inadequate
ialysis dose.7 We also pilot tested an interven-
ion tailored to the presence or absence of these
arriers in individual hemodialysis patients.8

ther investigators have identified depression,
ifficulty chewing, difficulty swallowing, gastro-

ntestinal symptoms, and acidosis as other poten-

al of Kidney Diseases, Vol 48, No 1 (July), 2006: pp 28-36
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IMPROVING ALBUMIN LEVELS 29
ially modifiable nutritional barriers.9-11 We now
eport results of a full-scale community-based
andomized controlled trial targeting patient-
pecific nutritional barriers. To better understand
he role of inflammatory states in modifying the
utcome of this intervention, we also measured
evels of 2 inflammatory markers (C-reactive
rotein and serum amyloid A).6

METHODS

ubjects and Facilities
All 47 long-term hemodialysis facilities in northeast Ohio

greed to participate. We pilot tested our methods at 1
onveniently located facility, excluded 2 very small facili-
ies, and used a random-number generator to assign the
emaining 44 facilities to an intervention or control group.
o determine eligibility, study coordinators abstracted medi-
al records to identify patients for whom the most recent
erum albumin level and mean serum albumin level for the
revious 3 months were both less than 3.70 g/dL (�37.0
/L) by means of the bromcresol green method or less than
.40 g/dL (�34.0 g/L) by means of the bromcresol purple
ethod.12 This ensured that only patients with persistently

ow albumin levels were included. We selected these albu-
in cutoff values because about one third of dialysis patients

ationally have values less than these thresholds.1 Addi-
ional patient eligibility criteria were age of 18 to 85 years
nd receiving dialysis for at least 9 months. We excluded
ew patients because the first several months of dialysis
reatment often is a time of changes in diet and nutritional
arameters.13 We also excluded subjects who could not
articipate (did not speak English, mentally impaired) or
ere likely to have unique nutritional issues (ie, nursing
ome residents, patients with cirrhosis, acquired immunode-
ciency syndrome, active malignancy, terminal illness, tube
eedings, and total parenteral nutrition). We obtained in-
ormed consent from eligible patients, and each was given
25 at the beginning and again at the end of the trial to thank
hem for their participation. This study was approved by the
nstitutional Review Board of MetroHealth Medical Center,
leveland, OH.
Before entering the study, all subjects received nutritional

are from their facility’s registered dietitian. This included
utritional status assessment, monthly laboratory test result
eview, and education regarding the renal diet. On average,
acility dietitians were responsible for 124 patients per
ull-time equivalent and had worked for 10 years as renal
ietitians.

utritional Parameters, Quality of Life, and
nflammatory Markers

Study coordinators abstracted medical records of interven-
ion and control subjects to obtain demographic characteris-
ics (age, sex, race, ethnicity), medical characteristics (cause
f renal failure, time receiving dialysis, number of comorbid
onditions), and nutritional parameters (albumin level, post-

ialysis weight, dietary intake). Number of comorbid condi- h
ions was calculated based on the presence or absence of the
ollowing 10 disease categories: coronary artery disease,
ongestive heart failure, peripheral vascular disease, cerebro-
ascular disease, depression or psychosis, previous solid
umor or hematologic malignancy, connective tissue disease,
sthma or chronic obstructive pulmonary disease, diabetes
ellitus, and drug or alcohol abuse. Albumin levels gener-

lly were available on a monthly basis, whereas postdialysis
eight was available after every dialysis treatment (typically
3 treatments/mo). Dietary intake was assessed at the begin-
ing and again at the end of the trial by using two 24-hour
ietary recalls. This involved 1 dialysis day and 1 nondialy-
is day, generally within a 2-week period.14 Study coordina-
ors performed a brief nutrition-focused history and physical
xamination (referred to as a subjective global assessment)
t the beginning and end of the trial. Patients with inad-
quate protein stores will be noted to have low muscle mass
nd/or edema on this focused examination.15,16 Study coor-
inators also assessed patient quality of life at the beginning
nd end of the trial by using several subscales (related to
eneral health, physical functioning, emotional well-being,
ocial function, pain, and dialysis-related symptoms) of the
idney Disease Quality of Life questionnaire.17 A predialy-

is blood sample was obtained from each patient at the
eginning and end of the study and sent to a single central
aboratory for measurement of 2 inflammatory markers
C-reactive protein and serum amyloid A).

dentification of Barriers
Study coordinators abstracted medical records and inter-

iewed intervention and control subjects to determine the
resence of 10 specific nutritional barriers. Categorization of
arriers was based on our pilot study, as well as previous
ork by other investigators.7,8,18,19

Poor nutritional knowledge. Patients identified high-
rotein foods from a list of 10 high-protein foods (eg, eggs,
eef, fish) and 10 minimal-protein or nonprotein foods (eg,
hips, carrots, bread). Patients with 5 or more incorrect
esponses were categorized as having this barrier.

Poor appetite. Patients rated their overall appetite, as
ell as their appetite for 12 common high-protein foods,

uch as eggs, beef, cheese, and peanut butter, by using a
-point Likert scale ranging from very good to very poor.
atients with fair/poor overall appetite or fair/poor appetite
or 4 or more specific foods were categorized as having this
arrier.
Help needed with shopping or cooking. Patients were

sked whether they needed additional help with shopping or
ooking. Patients who said yes were categorized as having
his barrier.

Low fluid intake. Study coordinators examined flow
heets for the first 6 treatments of the enrollment month.
atients with a mean interdialytic weight gain less than 2.5%
f their dry weight were categorized as having this barrier.
Inadequate dialysis dose. Patients with a mean Kt/V

ess than 1.2 during the previous 3 months were categorized
s having this barrier. Because missed treatments do not
ffect Kt/V, patients with more than 2 missed treatments
uring the previous 3 months also were categorized as

aving this barrier.
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LEON ET AL30
Depression. Patients completed the Beck Depression
nventory, a standard screening questionnaire for depres-
ion. Patients with scores of 15 or higher were categorized as
aving this barrier.19

Difficulty chewing. Patients were asked if they had diffi-
ulty chewing and answered by using a 4-point Likert scale
anging from never to always. Patients who always or
ometimes had difficulty chewing were categorized as hav-
ng this barrier.

Difficulty swallowing. Patients were asked if they had
ifficulty swallowing and answered by using a 4-point
ikert scale ranging from never to always. Patients who
lways or sometimes had difficulty swallowing were catego-
ized as having this barrier.

Gastrointestinal symptoms. Patients were asked if they
ad heartburn or nausea. Patients who answered yes were
ategorized as having this barrier.

Acidosis. Patients whose predialysis bicarbonate level
as less than 22 mEq/L (�22 mmol/L) were categorized as
aving this barrier.18 Blood samples were collected in serum
eparator tubes, allowed to clot for 30 minutes, and then
ere centrifuged and refrigerated. Study staff transported

he separated samples on ice to a central laboratory within 24
ours for analysis.

ntervention Group
Study coordinators educated all intervention patients about

he meaning and importance of good nutritional status. They
hen provided feedback and recommendations to interven-
ion patients. The information was provided during a dialysis
reatment and tailored to the specific barriers present. Study
oordinators also communicated information about barriers
o facility dietitians and modified recommendations based
n feedback from these dietitians. Facility dietitians were
sked to reinforce study coordinator recommendations when
hey met with their study patients.

Poor nutritional knowledge. Study coordinators edu-
ated patients about high-protein foods by using a variety of
nteractive activities (eg, puzzles, nutrition label reading),
elf-teaching activities (eg, word searches, crossword
uzzles), and educational handouts.
Poor appetite. Study coordinators recommended increas-

ng the intake of specific foods for which patients had
reserved appetite. Study coordinators also provided pa-
ients with limited amounts of supplements, such as commer-
ially available enteral nutrition drinks and cookies.

Help needed with shopping or cooking. Study coordina-
ors, in collaboration with facility dietitians and social work-
rs, explored the possibility of obtaining help from family,
riends, and social support agencies. Subjects most often
entioned a need for a shopper’s aide to assist with carrying

ags or providing transportation to stores and a need for
ooking assistance because of fatigue and functional status
imitations.

Low fluid intake. Study coordinators, in collaboration
ith facility dietitians, recommended that patients add a
rotein-containing beverage to their diet (eg, a commercially
vailable enteral nutrition supplement). Study coordinators
rovided patients with limited amounts of supplements.
Inadequate dialysis dose. Study coordinators deter-

ined potential reasons for inadequate dialysis dose (under- m
rescription, noncompliance with prescribed treatment time,
atheter use) and shared this information with patients’
ephrologists.20

Depression. Study coordinators shared elevated Beck
epression Inventory scores with patients’ social workers

nd nephrologists and recommended that patients be evalu-
ted and, if appropriate, treated for depression.

Difficulty chewing. Study coordinators recommended
hat patients see their nephrologist, primary care physician,
nd/or dentist for evaluation.

Difficulty swallowing. Study coordinators recommended
hat patients see their nephrologist and/or primary care
hysician for evaluation (eg, barium swallow). In some
ases, difficulty swallowing was linked to difficulty chewing.

Gastrointestinal symptoms. Study coordinators recom-
ended that patients see their nephrologist and/or primary

are physician for evaluation.
Acidosis. Study coordinators shared bicarbonate levels

ith patients’ nephrologists and recommended that nephrolo-
ists address reversible causes of acidosis, increase dialysate
icarbonate concentrations, and/or prescribe oral bicarbon-
te supplements.

During the next 12 months, study coordinators met
onthly with patients to reinforce these recommendations,
onitor progress, and answer questions. Study coordinators

lso updated patients’ dietitians monthly. Because the study
oordinators carried out the intervention, it was not possible
or them to be blinded to patients’ assignments to interven-
ion versus control groups. There were no adverse events or
ide effects associated with the intervention.

ontrol Group
Control patients continued to receive usual care from their

ephrologists, dietitians, and social workers. Study coordina-
ors met monthly with control patients and administered
uestionnaires related to dietary intake, nutritional barriers,
nd/or quality of life. However, neither control patients nor
heir providers received feedback from study coordinators.

ollow-Up Procedures
All patients were recruited between February 2002 and

eptember 2003 and followed up for 12 months or until they
ied, moved, received a transplant, or were hospitalized (and
id not return to outpatient dialysis by the end of the study).
uring this interval, medical records of intervention and

ontrol patients were abstracted on a monthly basis to obtain
ata for nutritional parameters and barriers.

utcomes
A primary outcome is change in serum albumin level. To

btain more precise estimates, the final albumin level of
ach patient is defined as the mean of albumin measure-
ents in the final 3 months of study participation, whereas

aseline albumin level is the mean of albumin measurements
n the 3 months before subject enrollment. Change in albu-
in level was calculated as final minus baseline albumin

alue. Because we expected it would take about 3 months
or our intervention to have an effect, patients who died,

oved, withdrew, or became mentally incompetent in the
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IMPROVING ALBUMIN LEVELS 31
rst 3 months were not included in the main analysis
Fig 1).8

Because improved albumin levels may decrease mortality,
e defined another primary composite outcome that com-
ined change in albumin level and survival. Specifically, we
xamined the proportion of patients who had an increase in
lbumin level of 0.20 g/dL or greater (�2.0 g/L) and
urvived to the end of the study. We selected 0.20 g/dL (2.0
/L) because it corresponds to a 25% decrease in the odds of
eath in observational studies.2

Secondary outcomes were changes in values for other
utritional parameters (weight, dietary intake, subjective
lobal assessment), whether patients overcame specific nutri-
ional barriers, and changes in quality of life. Patients with a
pecific barrier at baseline were considered to have over-
ome the barrier if they no longer met the definition of the
arrier at the end of the trial. For example, subjects with
aseline Beck Depression Inventory scores of 15 or higher
ere categorized as overcoming the depression barrier if

heir final scores were less than 15.

tatistical Analysis
Because facilities comprised the unit of randomization,

ur main analyses account for clustering of patients by
acility. Specifically, we compared change in albumin level
or intervention versus control patients by using an adjusted

Fig 1. Flow of participants through the trial.
-test that reflects this clustering. Similarly, we used an p
djusted chi-square test that reflects clustering to compare
he proportion of patients in each group who achieved the
omposite outcome of increase in albumin level of 0.20 g/dL
r greater (�2.0 g/L) and survival. Baseline characteristics
f intervention versus control patients and changes in nutri-
ional parameters, specific barriers, and quality of life were
ompared by using chi-square test for categorical variables
r Mann-Whitney rank-sum test for continuous variables.
e used Spearman correlation coefficient to determine the

elationship between change in levels of albumin and inflam-
atory markers. JMP and SAS statistical software were used

or all analyses (both from SAS Institute Inc, Cary, NC). We
erformed a post hoc power calculation and estimated that
ur trial of 180 patients had greater than 90% power to
etect a difference in albumin levels between intervention
nd control patients of 0.065 g/dL (0.65 g/L) with a 2-tailed
of 0.05. We also estimated that we had greater than 80%

ower to detect a difference of 15% in the composite
utcome between intervention and control patients.21

RESULTS

ubject and Facility Characteristics

Of 44 long-term hemodialysis facilities, 41 (93%)
ere free standing (versus hospital based) and 35

80%) were for profit. Figure 1 shows the flow of
articipants through the trial. Of all ineligible pa-
ients, about 80% in both groups were excluded
ecause their albumin levels were too high. One
undred eighty patients completed the trial, includ-
ng 86 intervention subjects and 94 control sub-
ects. One hundred forty eligible subjects declined
o participate, and another 27 subjects died, with-
rew, moved, or became mentally impaired before
eaching the evaluation phase. These 167 nonpar-
icipants did not differ from the 180 participants in
emographic characteristics, time receiving dialy-
is, or baseline albumin level.

Intervention and control patients had similar
aseline demographic characteristics, medical
haracteristics, nutritional parameters, and inflam-
atory marker levels (Table 1). The 2 groups

lso had a similar total number of nutritional
arriers, although they differed somewhat on
pecific nutritional barriers. Intervention patients
ere more likely to have low fluid intake and
ifficulty swallowing, whereas control patients
ere more likely to have poor appetite. The most

ommon barriers in both groups were poor nutri-
ional knowledge and poor appetite.

hanges in Nutritional Parameters

As listed in Table 2, intervention patients had
.5-fold greater increases in albumin levels com-

ared with control patients (mean, 0.21 � 0.04
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LEON ET AL32
SE] versus 0.06 � 0.03 g/dL [2.1 � 0.4 versus
.6 � 0.3 g/L]; P � 0.01). Forty-two percent of
ntervention patients and 29% of control patients
chieved the composite albumin/survival out-
ome, but this difference was of marginal statisti-

Table 1. Baseline Characteristic

ean age (y)
emale (%)
ace (%)
Black
White
Other
ispanic (%)
ause of renal failure (%)
Diabetes
Hypertension
Glomerulonephritis
Other
ean no. of comorbid conditions
ean years receiving dialysis
ean duration of treatment (min)
sing high-flux dialyzer (%)
ype of vascular access (%)
Fistula
Graft
Catheter
ean Kt/V
lbumin (g/dL)
ean postdialysis weight (kg)
ean body mass index (kg/m2)
ean energy intake (Kcal/d/kg)
ean protein intake (g/d/kg)
ubjective global assessment (%)
Well nourished
Mildly to moderately malnourished
Severely malnourished
-Reactive protein (mg/L)
-Reactive protein � 10 mg/L (%)
erum amyloid A (mg/L)
erum amyloid A � 10 mg/L (%)
otal no. of barriers
pecific barriers (%)
Poor nutritional knowledge
Poor appetite
Help needed with shopping or cooking
Low fluid intake
Inadequate dialysis dose
Depression
Difficulty chewing
Difficulty swallowing
Gastrointestinal symptoms
Acidosis

NOTE. To convert albumin in g/dL to g/L, multiply by 10.
al significance (P � 0.06). Intervention patients (
lso had increased energy and protein intake
ompared with control patients. On average, in-
ervention patients increased their energy intake
y 333 � 70 Kcal/d, whereas control patients
ecreased their energy intake by 47 � 66 Kcal/d

tervention and Control Subjects

ntion
86)

Control
(n � 94) P

60 0.35
53 0.50

59
38 0.20
3
1 0.95

49
24 0.73
14
13

.9 2.1 0.38

.8 3.1 0.47
228 0.93
76 0.39

26
49 0.24
26

.46 1.40 0.17

.40 3.40 0.90

.3 78.0 0.30

.0 27.9 0.40

.3 19.9 0.73

.83 0.83 0.90

40
55 0.60
4

19 0.81
46 0.15
32 0.35
54 0.45

.2 3.1 0.74

44 0.69
74 0.04
23 0.12
12 0.02
19 0.06
31 0.94
33 0.67
13 �0.01
33 0.20
27 0.74
s of In

Interve
(n �

62
58

45
51
3
1

45
24
20
10
1
2

227
70

35
37
28
1
3

81
29
20
0

48
49
3

18
57
46
60
3

41
60
34
26
9

31
36
31
24
24
P � 0.001). Most of this increase (�70%)
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IMPROVING ALBUMIN LEVELS 33
ccurred on nondialysis days. Similarly, interven-
ion patients increased their protein intake by
0.7 � 3.3 g/d, whereas control patients de-
reased their protein intake by 4.7 � 3.2 g/d (P

0.001). There were no differences in postdialy-
is weight or subjective global assessment.

hanges in Nutritional Barriers

Of the 76 patients with poor nutritional
nowledge at baseline, intervention patients

Table 2. Changes in Nutritiona

lbumin (g/dL)
hange in albumin � 0.20 g/dL and survived (%)
ostdialysis weight (kg)
ody mass index (kg/m2)
nergy intake (Kcal/d/kg)
rotein intake (g/d/kg)
ubjective global assessment (%)
Improved
No change
Worsened

oor nutritional knowledge
Subjects with barrier
Overcame barrier (%)

oor appetite
Subjects with barrier
Overcame barrier (%)
elp needed with shopping or cooking
Subjects with barrier
Overcame barrier (%)

ow fluid intake
Subjects with barrier
Overcame barrier (%)

nadequate dialysis dose
Subjects with barrier
Overcame barrier (%)
epression
Subjects with barrier
Overcame barrier (%)
ifficulty chewing
Subjects with barrier
Overcame barrier (%)
ifficulty swallowing
Subjects with barrier
Overcame barrier (%)
astrointestinal symptoms
Subjects with barrier
Overcame barrier (%)

cidosis
Subjects with barrier
Overcame barrier (%)

NOTE. To convert albumin in g/dL to g/L, multiply by 10.
ere 4 times more likely to overcome this 6
arrier by the end of the study (89% versus
2%; P � 0.001; Table 2). Intervention pa-
ients also were more likely to overcome barri-
rs related to help needed with shopping or
ooking (86% versus 55%; P � 0.01) and
ifficulty swallowing (74% versus 42%; P �
.05). A greater percentage of intervention
ompared with control patients also overcame
arriers related to poor appetite (33% versus
0%), inadequate dialysis dose (88% versus

eters and Nutritional Barriers

Intervention Control P

�0.21 �0.06 �0.01
42 29 0.06
�0.06 �0.50 0.52
�0.06 �0.18 0.62
�4.1 �0.6 �0.001
�0.13 �0.06 �0.001

16 16
77 76 0.93
7 9

35 41
89 22 �0.001

52 70
33 20 0.11

29 22
86 55 0.01

22 11
55 64 0.62

8 18
88 67 0.25

27 29
41 34 0.63

31 31
58 55 0.80

27 12
74 42 0.05

21 31
62 45 0.23

21 25
76 72 0.75
l Param
7%), and gastrointestinal symptoms (62% ver-
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LEON ET AL34
us 45%), but these differences were not statis-
ically significant (all P � 0.11).

The number of barriers remaining at the end of
he trial correlated strongly with change in albu-
in level for all patients. Mean increase in

lbumin level was 0.20 g/dL (2.0 g/L) in patients
ith no barriers remaining, whereas mean in-

rease was only 0.02 g/dL (0.2 g/L) in patients
ith 4 or more barriers remaining (Fig 2).

uality of Life

There were no differences between interven-
ion and control patients in quality-of-life sub-
cales, including general health, physical func-
ioning, emotional well-being, social function,
ain, and dialysis-related symptoms.

nflammatory Markers

There were no significant changes in mean
evels of C-reactive protein (mean change, �0.3
g/L; P � 0.21) or serum amyloid A (mean

hange, �5 mg/L; P � 0.15) during the trial.
here was no relationship between change in
lbumin level and baseline C-reactive protein
evel (correlation coefficient, 0.03; P � 0.69).
here also was no relationship between change

n albumin level and baseline serum amyloid A
evel (correlation coefficient, �0.003; P � 0.97).

DISCUSSION

We found that a nutrition intervention tailored
o patient-specific barriers resulted in modest
mprovements in albumin levels in hemodialysis

Fig 2. Final number of barriers remaining versus
hange in albumin levels among all patients. To con-
ert albumin in g/dL to g/L, multiply by 10.
atients. Although many patients had elevated a
evels of C-reactive protein and serum amyloid
, these inflammatory markers did not predict

hanges in albumin levels. This suggests that
ven patients with high levels of inflammatory
arkers can respond to nutritional interventions.
he graded relationship between number of bar-

iers and change in albumin level (Fig 2) further
upports the role of these nutritional barriers in
emodialysis patients. Our approach has the ad-
antages of being simple, low cost, and easy to
mplement.

By engaging the participation of virtually all
ialysis facilities and renal dietitians in a large
eographic area, we enhanced the generalizabil-
ty of our findings. With the exception of race
nd ethnicity, patient and facility characteristics
re approximately similar to national data.22 The
arge number of black subjects reflects the inner-
ity location of many of the participating facili-
ies, whereas the small number of Hispanic sub-
ects reflects the population of northeast Ohio.
nother strength of this study is its randomized
esign, which resulted in similar intervention
nd control groups in terms of patient demo-
raphic and medical characteristics, nutritional
arameters, inflammatory markers, and number
f nutritional barriers (Table 1).

The magnitude of improvements in albumin
evels is consistent with what we found in an
arlier pilot study.8 Three recent clinical trials
lso found improvements of approximately 0.2
o 0.3 g/dL (2 to 3 g/L) in serum albumin levels
fter administration of oral nutritional supple-
ents or appetite stimulants.23-25 Although these

rials had small sample sizes and were not ran-
omized, they further support the conclusion that
odest improvements in albumin levels in hemo-

ialysis patients are possible.
Our results have important implications for

atients, providers, and policy makers. Patients
hould be actively involved in improving their
utritional knowledge, reporting nutritional bar-
iers to providers, and trying to overcome barri-
rs and increase dietary intake. The level of
atient involvement required to improve albu-
in levels is much greater than that needed to

ddress other dialysis-related quality parameters,
uch as hemoglobin levels, which are largely
nder the control of providers. Providers should
outinely monitor not only albumin levels, but

lso the 10 specific nutritional barriers addressed
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n this clinical trial. In particular, we found that
roviders were unaware of the high prevalence
f depression, difficulty chewing, and difficulty
wallowing among their patients. Policy makers
hould ensure that sufficient personnel and re-
ources are available to address nutritional barri-
rs. Addressing the nutritional barriers we identi-
ed requires a moderate amount of time, as well
s collaboration among various providers (eg,
ietitians, social workers, nephrologists). How-
ver, dietitians and social workers typically are
esponsible for more than 100 patients apiece,
nd patient to provider ratios are likely to in-
rease further if reimbursement is reduced.26

ther key resources needed to address such
pecific barriers as nutritional supplements and
ental care currently are not covered by Medi-
are.

Our results also are relevant to the continued
tility of albumin level as a clinical performance
easure by the Medicare program.1 Clinical per-

ormance measures are indicators that deal with
mportant conditions for which quality of care is
ither variable or substandard and can be im-
roved by providers.27 Because our trial, as well
s 3 recent trials, showed improvements in albu-
in levels, it may be argued that providers should

e able to improve albumin levels in usual care
ettings, as well.23-25 However, improvements in
lbumin levels in these trials were modest and
equired additional personnel and resources not
vailable under current Medicare coverage. If
lbumin level continues to be used as a clinical
erformance measure, it should be with an under-
tanding that improvements in albumin levels are
ikely to be modest, that multiple providers have

role in improving albumin levels (not just
ietitians), and that additional resources may be
ecessary (such as supplements and dental care).
Compared with control patients, a greater pro-

ortion of intervention patients overcame 9 of
he 10 nutritional barriers (Table 2). However,
his difference was statistically significant only
or barriers related to poor nutritional knowl-
dge, help needed with shopping or cooking, and
ifficulty swallowing. The inability to find statis-
ically significant differences for other barriers
ikely is caused by a combination of the small
umbers of patients who had specific barriers
nd a limited impact of our intervention com-

ared with usual care. In particular, both our D
ntervention and usual care had little effect on
oor appetite and depression. Further refine-
ents of our approach may be needed to increase

ts potency for specific barriers. Moreover, the
omewhat larger number of subjects with poor
ppetite in the control group may have disadvan-
aged the control group because this barrier was
articularly difficult to overcome.
Several limitations must be considered in inter-

reting our results. First, improvements in albu-
in levels were modest. Second, we focused on
single geographic area. Third, it is possible that
ontrol patients improved in part because they
ere being observed (the Hawthorne effect) or
ecause control dietitians were influenced by
ntervention dietitians (contamination). How-
ver, both these effects would tend to decrease
he difference between control and intervention
atients; therefore, the measured effect size (albu-
in change, 0.21 � 0.06 � 0.15 g/dL [2.1 � 0.6
1.5 g/L]) may underestimate the value of our

ntervention. Fourth, we did not have sufficient
ower to rigorously evaluate the impact of our
ntervention on specific subgroups. Fifth, al-
hough we did not specifically try to exclude
atients with chronic inflammatory diseases or
igh C-reactive protein levels, it is possible that
ome of our exclusion criteria (eg, being a nurs-
ng home resident) may have had this effect in
ome cases. Thus, our intervention may not gen-
ralize to all patients with elevated levels of
nflammatory markers.

In conclusion, we recommend that providers
onitor and address specific nutritional barriers.
lthough our sample size and follow-up period

re insufficient to show an impact on patient
ortality and morbidity, larger observational stud-

es showed a link between albumin levels and
hese outcomes.2,28,29 Thus, overcoming patient-
pecific nutritional barriers has the potential to
nhance survival and decrease both hospitaliza-
ions and inpatient expenditures.
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