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Appetite as a predictor of malnutrition in end-stage
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Background and Objectives: Patients with chronic kidney disease (CKD) undergoing hemodialysis (HD) are at
high risk for malnutrition. This study aimed to 1) Investigate the prevalence of malnutrition among CKD patients
undergoing maintenance HD; 2) Assess level of knowledge and appetite among patients; 3) Identify potential
predictors of malnutrition. Methods and Study Design: This cross-sectional study included 71 CKD patients on
HD who were recruited from two principal outpatient dialysis centers located in Jeddah, Saudi Arabia. Data were
collected using an interviewer-administered questionnaire which included sociodemographic and health characteristics, nutritional status (assessed using the Patient-Generated Subjective Global Assessment [PG-SGA]), biochemical data, nutritional knowledge, and appetite status (assessed using Council of Nutrition Appetite Questionnaire [CNAQ]). Results: Forty-four percent of patients included in this study were malnourished, and over half of
the patients had limited nutritional knowledge and appetite. Hemoglobin level and the CNAQ score were found to
be independently negatively associated with the PG-SGA score (B: -1.03 [95% confidence interval (CI): -1.99, 0.08] and B: -0.37 [95% CI: -0.64, -0.11], respectively). Conclusions: Renal healthcare professionals should assess the nutritional status of HD patients and identify barriers to adequate nutrition. Patients with poor appetite
should specifically be targeted for nutrition-focused evaluation and management.
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INTRODUCTION
Chronic kidney disease (CKD) is a public health concern
affecting around 9% of the population globally.1 As CKD
progresses to end-stage renal disease (ESRD), patients
must be treated by dialysis or transplantation.2 The Saudi
Center for Organ Transplantation estimated the number of
patients on hemodialysis (HD) to be around 15,590 patients, and projected rising numbers if the prevalence of
diabetes and hypertension remained on the rise.3
Malnutrition refers to poor nutritional status resulting
from inadequate dietary intake, poor absorption, or excessive loss of nutrients.4 In patients with CKD, malnutrition
may result from multiple factors, such as metabolic and
hormonal derangements, infections, and poor energy and
protein intake associated with poor appetite and taste.5,6
The nutritional status of CKD patients could be further
aggravated by the dialysis procedure and advanced uremia. During HD, patients lose approximately 8 g of free
amino acids.7 The HD procedure has also been shown to
decrease protein synthesis and increase resting energy
expenditure and protein breakdown, posing higher risk
for malnutrition among patients. To compensate for the
effect of HD and to maintain a stable nutritional status,
the Kidney Disease Outcomes Quality Initiative (KDOQI)
Clinical Practice for Nutrition recommends a protein consumption of 1.0-1.2 g/kg/day and energy intake of 25-35

kcal/kg/day.2
The multiple dietary restrictions recommended to CKD
patients between HD sessions may be difficult to achieve
and may result in poor diet quality and, ultimately, malnutrition.8 HD patients are often required to carefully restrict their diets to avoid excess accumulation of phosphate, potassium, sodium, and fluids due to deteriorated
kidney function.9 Health care teams usually work with the
patient to maintain safe levels and to encourage adequate
intake of energy and nutrients. However, successful nutritional management requires sufficient knowledge of
foods to be restricted and careful adherence to dietary
recommendations.
The existing evidence suggest a high prevalence of
malnutrition among CKD patients, ranging between 22%
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and 55%.10-13 However, recent data in Saudi Arabia are
lacking. This study aimed to 1) Investigate the prevalence
of malnutrition among CKD patients undergoing maintenance HD; 2) Assess level of knowledge and appetite
among patients; 3) Identify potential predictors of malnutrition. Such data are needed to support the development
of evidence-based interventions in order to improve the
nutritional status of CKD patients.
METHODS
This cross-sectional study included 71 patients recruited
from two principal outpatient dialysis centers located in
Jeddah, Saudi Arabia. The study included CKD patients
on HD for at least one year, with normal cognitive function, requiring dietary restriction of phosphorus, potassium, and sodium, and residing in Saudi Arabia (Figure 1).
Written consents were obtained from adult patients and
parents of children. The study protocol and procedures
were approved by the Unit of Biomedical Ethics at King
Abdulaziz University Hospital [Reference No. 50-19].
Data remained anonymous for all patients to maintain
confidentiality.
Measures
Data were collected using an interviewer-administered
questionnaire, wherein questions and response options
were read aloud, and answers were recorded by trained
health care research team members. Content validity of
the questionnaire was evaluated by four experts in the
field who rated the questionnaire items, and modifications
were made accordingly.
Study outcome: nutritional status
The Patient-Generated Subjective Global Assessment
(PG-SGA) score was utilized to evaluate the nutritional
status, which has been previously validated among CKD
patients.14-16 The numerically scored PG-SGA consists of
self-reported medical history (history of weight change,
changes in food intake, nutrition-related symptoms, and
functional capacity) and physical examination assessed
by the examiners to assess muscle and fluid status and fat

Figure 1. Flowchart of patient selection.

stores, comorbidity conditions, and metabolic stress. Total scores of the PG-SGA assessment tool typically range
between 0-35. A summative score ≥9 indicated malnutrition, and the higher score indicated a greater level of malnutrition.15
Sociodemographic and health characteristics, biochemical data, nutritional knowledge, and appetite
status
Sociodemographic data regarding patients’ sex, age, and
monthly income in Saudi Riyals were collected. Healthrelated data included years on dialysis, history of diabetes,
hypertension, anemia, and whether patients received dietary advice from a renal dietitian. Pre-dialysis biochemical data, including phosphorus, potassium, sodium, albumin and blood urea nitrogen (BUN) were collected from
patients’ electronic medical records.
Patients’ knowledge of restricted foods (food sources
rich in sodium, potassium, and phosphorus) was assessed
using the following questions: Which of these foods are
high in potassium (banana, apple, pomegranate, okra,
spinach, potatoes, cucumber), phosphorus (milk, nuts,
whole grain, apple), and sodium (canned foods, chips,
eggs, cucumber). Response options for each food item
were “Yes”, “No”, and “Not sure”. Correct answers were
recorded as “one”, while incorrect answers and answers
of “not sure” were recorded as “zero”. The knowledge
score for each nutrient was recorded, and the summative
score of the patient’s knowledge was calculated (maximum score=15). The patients were later categorized into
two groups (limited and good knowledge) according to
the median score.17
Patients’ appetite was assessed using the Council of
Nutrition Appetite Questionnaire (CNAQ).18 The CNAQ
is a screening tool that evaluates patients’ appetite using 8
items: appetite, fullness after eating, feeling hungry, taste
of food and flavor changes, meals eaten per day, feeling
nauseous after eating, and usual mood. Each item was
scored using a 5-point scale ranging from one to five. The
summative score ranges from 8 to 40, wherein the lower
score indicated a deteriorated appetite. Patients were clas-
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sified into one of the two groups according to the total
score of the CNAQ: poor appetite (CNAQ score 8 to 28)
and good appetite (CNAQ score 29 to 40).18
Statistical analysis
Data were described using descriptive analyses. Internal
validity of the CNAQ items was assessed using
Cronbach’s alpha. The associations between the PG-SGA
scores and sociodemographic and health variables, biochemical data, knowledge scores, and CNAQ scores were
tested using Chi-square test for categorical variables and
Spearman’s correlation test for continuous variables.
Man-Whiney test was used to investigate the associations
of the nutritional status (categorical variable) with continuous variables. Multiple linear regression analysis was
used to identify potential predictors of malnutrition
among the sample. We first ran separated unadjusted
models to examine the association of the PG-SGA score
with the CNAQ score (Model 1); then we ran two additional models; Model 2 was adjusted for patients’ age and
hemoglobin level whereas Model 3 was adjusted for patients’ age and phosphorus level. These two models were
ran separately to avoid the multicollinearity between hemoglobin and phosphorus. Two-sided tests were used for
all analyses, and a p<0.050 denoted significance. SPSS
version 24.0 (Armonk, NY) was used for data analyses.
RESULTS
Sociodemographic and health characteristics
According to the PG-SGA score, 43.7% of the patients
had mild to moderate malnutrition (n=31). Sociodemographic and health characteristics of the sample stratified
by the nutritional status are presented in Table 1. Patients’
age ranged between 13 and 82 years, of whom 54.9% (n=
39) were males. Over half of the patients reported month-
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ly household income of 5,000 Saudi Riyals or less (66.2%,
n=47). Hypertension was more prevalent among the sample (76.1%, n= 54) compared to diabetes (43.3%, n= 30)
and anemia (12.7%, n= 9). The majority of the patients
reported that they have been previously counseled by
dietitians for nutritional management (88.7%, n=63). No
significant association was observed between the nutritional status and any of the sociodemographic and health
characteristics among the patients.
The mean hemoglobin level among patients was
11.4±1.40 g/dL. The mean albumin, phosphorus, potassium, sodium, and BUN were 34.9±6.37 g/L, 1.68±0.44
mmol/L, 4.79±0.80 mmol/L, 136±3.08 mEq/L, and
21.1±5.27 mmol/L, respectively. Results of the correlational analyses between the biochemical data and PGSGA score are presented in Table 2. The PG-SGA score
was significantly negatively correlated with hemoglobin
(rs=-0.350, p<0.01) and phosphorus (rs=-0.250, p<0.05)
levels.
Patients’ nutritional knowledge and appetite
The mean knowledge score ranged between 0.00 and 15.0,
with a mean score of 10.2±4.23. Knowledge score of the
patients was not found to be correlated with the PG-SGA
score (rs=0.05, p>0.05), and the mean knowledge score of
malnourished patients (10.3±4.20) did not statistically
significantly differ from that of well-nourished patients
(10.1±4.30), p>0.05. According to the median score of
patients’ nutritional knowledge (12.0/15.0), about twothirds of patients had limited nutritional knowledge
(64.8%, n=46).
Cronbach’s alpha value of the CNAQ items indicated a
high level of internal consistency among the sample
(=0.90). The CNAQ scores of the sample ranged between 11 and 40, with a mean score of 27.1±5.15. Nearly

Table 1. Sociodemographic and health characteristics and associations with the nutritional status†
Characteristics
Sex, n (%)
Male
Female
Age, mean (SD)
Monthly household income in SAR, n (%)
Less than 5000
5000 to less than 10000
Over 10000
Years on dialysis, mean (SD)
Diabetes, n (%)
no
yes
Hypertension, n (%)
no
yes
Anemia, n (%)
no
yes
Counseled by a dietitian, n (%)
no
yes
†

Nutritional status
Well-nourished
Malnourished
n=40 (56.3%)
n=31 (43.7%)

Total
n=71

p-value
0.621

23 (57.5)
17 (42.5)
49.2 (18.5)

16 (51.6)
15 (48.4)
52.6 (17.1)

39 (54.9)
32 (45.1)
50.7 (17.9)

24 (60.0)
9 (22.5)
7 (17.5)
6.33 (3.83)

23 (74.2)
5 (16.1)
3 (9.70)
5.77 (4.50)

47 (66.2)
14 (19.7)
10 (14.1)
6.08 (4.12)

24 (60.0)
16 (40.0)

17 (54.8)
14 (45.2)

41 (57.7)
30 (42.3)

13 (32.5)
27 (67.5)

4 (12.9)
27 (87.1)

17 (23.9)
54 (76.1)

37 (92.5)
3 (7.5)

25 (80.6)
6 (19.4)

62 (87.3)
9 (12.7)

6 (15.0)
34 (85.0)

2 (6.5)
29 (93.5)

8 (11.3)
63 (88.7)

0.592
0.438

0.253
0.662
0.055

0.136
0.259

Chi-square test was used for categorical variables and Spearman’s correlation test was used for continuous variables.
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Table 2. The correlation matrix of laboratory data, knowledge, and PG-SGA scores
Variable
Hgb (g/dL)
Phosphorus (mmol/L)
K (mmol/L)
Na (mEq/L)
BUN (mmol/L)
Albumin (g/L)
Knowledge score
CNAQ score

PG-SGA
-0.35**
-0.25*
-0.04
0.01
-0.142
-0.02
0.05
-0.39**

Hgb
-0.220
0.00
-0.03
0.25*
-0.01
0.08
0.21

Phosphorus
--0.16
-0.16
0.45**
-0.02
-0.03
0.11

K
----0.00
0.14
0.03
0.04
0.13

Na
-----0.19
0.14
0.17
-0.17

BUN
------0.19
-0.10
0.23

Albumin
------0.01
-0.01

Knowledge
--------0.11

PG-SGA: Patient-Generated Subjective Global Score; Hgb: hemoglobin; K: potassium; Na: sodium; BUN: blood urea nitrogen; CNAQ: Council of Nutrition Appetite Questionnaire.
*
Correlation is significant at the 0.050 level (2-tailed).
**
Correlation is significant at the 0.010 level (2-tailed).

Table 3. Multivariable linear regression analysis of PG-SGA scores
Variable
Unadjusted Model
Model 1
CNAQ score
Adjusted Models†
Model 2
CNAQ score
Hgb
Model 3
CNAQ score
Phosphorus

R2

B

SE

p-value

-0.44

0.13

0.001

-0.70, -0.18

0.14

-0.41
-1.11

0.13
0.46

0.003
0.019

-0.67, -0.15
-2.03, -0.19

0.24

-0.43
-3.22

0.13
1.51

0.002
0.069

-0.69, -0.17
-6.04, 0.23

0.20

PG-SGA: Patient-Generated Subjective Global Score; SE: standard error; Hgb: hemoglobin; CNAQ: Council of Nutrition Appetite Questionnaire.
†
Models 2 and 3 were adjusted for age.

95% confidence interval
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half of the patients (56.3%, n=40) scored <29, indicating
poor appetite. The CNAQ score was found to be significantly positively correlated with the PG-SGA score
(rs=0.39, p<0.01); The mean CNAQ score of malnourished patients (25.8±5.16) was significantly lower than
that of well-nourished patients (28.0±4.99), p<0.05.
Predictors of nutritional status among HD patients
Multiple linear regression analysis was performed to examine the association between patients’ appetite and the
PG-SGA scores (Table 3). The adjusted models (Models
2 and 3) explained 24.0% and 20.0% of the variance in
the data, respectively. Patients’ appetite score was found
to be negatively associated with the PG-SGA score despite patients’ age and hemoglobin level (B: -0.41 [95%
confidence interval (CI): -0.67, -0.17]. Similarly, patients’
appetite score was negatively associated with the PGSGA score despite patients’ age and phosphorus level (B:
-0.43 [95% CI: -0.69, -0.17], respectively).
DISCUSSION
We aimed in this study to investigate the prevalence of
malnutrition, assess levels of knowledge and appetite, and
identify the potential predictors of malnutrition in CKD
patients undergoing HD. Our data showed that 43.7% of
the patients were malnourished, and over half of the patients had limited nutritional knowledge and poor appetite.
Deteriorated appetite predicted greater risk for malnutrition. In previous studies, malnutrition in HD patients was
found to independently predict all-cause mortality.19
Therefore, evaluating the nutritional status of individuals
on HD is necessary to improve patients’ quality of life
and prevent complications.
High prevalence of malnutrition among CKD patients
has been previously reported in multiple settings. For
example, a study conducted in Korea among 125 CKD
patients on HD reported that using the PG-SGA tool, onethird of the sample were found to be malnourished; Age,
household income, depression, appetite, and albumin status have been suggested to predict the risk of malnutrition.11 Another study conducted in Palestine reported that
nearly half of the patients were malnourished; The PGSGA score was not found to be associated with the presence of comorbid conditions, level of education, or occupation.12 In Saudi Arabia, recent data are lacking. A single-center study was carried out in Riyadh, Saudi Arabia,
in 2009 reported that approximately one-third of HD patients were malnourished.13 Another study conducted in
Jeddah, Saudi Arabia, in 2012 reported higher prevalence
of malnutrition among the sample (55%).10 As malnutrition appears to be prevalent among HD patients, it becomes necessary to identify factors that could influence
patients’ nutritional status in order to design effective
interventions.
CKD is characterized by a deterioration of kidney
function that affects the ability to excrete excess potassium, phosphate, and sodium from blood. Hence, many
patients are required to limit their intake of certain nutrients to maintain safe levels.9 The renal dietitians work
with CKD patients to maintain potassium, phosphate, and
sodium levels within normal range and to encourage adherence to renal diet while maintaining adequate energy
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intake.20 However, a sufficient level of knowledge regarding nutritional values of food and proper recognition of
restricted food items are necessary to reach optimal outcomes.
In the present study, the majority of patients were
counseled by renal dietitians yet presented limited nutritional knowledge. We hypothesized that the number of
sessions delivered by dietitians was probably insufficient
to achieve desired outcomes. Furthermore, the limited
education level of patients may interfere with their ability
to comprehend information provided. Therefore, patients
may benefit from a pre- and post-education knowledge
testing to ensure comprehension. A quasi-experimental
study conducted by Ford et al. evaluated the effectiveness
of monthly renal diet education among patients attending
outpatient dialysis centers using pre- and post-knowledge
tests; The data indicated significantly greater knowledge
at 6-months post education test in the intervention group
compared to controls, with a significantly lower serum
phosphate levels.20 Furthermore, patients on HD often
require psychological support and motivation to comply
with renal dietary restrictions. A previous study examined
the association of knowledge of dietary restrictions with
the dietary compliance among HD patients and no association was observed.17 Therefore, renal dietitians may utilize counseling techniques focusing on delivering information as well as motivating patients to comply with dietary restrictions. The patients may also benefit from regular educational sessions to enhance their knowledge on
foods to be restricted as well as alternative food options
to meet their energy requirements and prevent wasting,
and to answer possible questions that may arise while
adhering to the renal diet.
The multivariate regression analysis revealed that poor
appetite among HD patients independently predicts higher degrees of malnutrition. In fact, poor appetite among
CKD patients was evident in many studies, which has
been attributed to complex dysregulation of neuroendocrine pathways21 and to the presence of gastrointestinal
symptoms.22 A cohort study of 331 HD patients reported
a high prevalence of poor appetite (38%), which has been
linked to increased rate of hospitalization and mortality.23
Hence, renal health care professionals must assess and
evaluate the nutritional status of the renal patients. Patients with poor appetite need to be closely monitored,
and renal dietitians should address potential barriers to
adequate nutrition and tailor interventions according to
patient’s needs. Furthermore, future longitudinal studies
that investigate potential causes of poor appetite could
reveal possible intervention options to improve appetite
and nutritional status of HD patients.
The present study provides updated data on the prevalence of malnutrition among HD patients. Additionally, to
assess patients’ knowledge on renal diet, we developed a
culture-specific nutritional knowledge questionnaire that
can be utilized in practice as well as in future studies.
However, we did not assess the number of counseling
sessions delivered to patients. Future research may consider and investigate the number of sessions needed for
optimal outcomes. Furthermore, dietary intake of patients
was not evaluated in this study. Incorporation of dietary
assessment can aid in evaluating the effectiveness of
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nutritional counseling delivered to ESRD patients.24
Conclusion
In conclusion, high prevalence of malnutrition and limited knowledge on renal diet were observed among our
sample. Poor appetite independently predicted higher
levels of malnutrition. Renal healthcare professionals
should assess and evaluate the nutritional status of HD
patients and identify barriers to adequate nutrition. A special attention should be directed to patients with poor appetite for nutrition-focused evaluation and management.
Renal dietitians should ensure sufficient nutritional
knowledge of foods to be restricted as well as acceptable
food alternatives to maintain adequate intakes of energy
and nutrients.
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