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Abstract: Appetite loss is a common phenomenon in end-stage renal disease (ESRD) patients un-
dergoing maintenance hemodialysis (HD). We aimed to (i) adapt and validate a Spanish language
version of the Council on Nutrition Appetite Questionnaire (CNAQ) and (ii) to identify psychological
and biological factors associated with diminished appetite. We recruited 242 patients undergoing HD
from four hemodialysis centers to validate the Spanish-translated version of the CNAQ. In another
set of 182 patients from three HD centers, the Appetite and Diet Assessment Tool (ADAT) was used
as the gold standard to identify a cut-off value for diminished appetite in our adapted questionnaire.
The Beck Depression Inventory (BDI), Beck Anxiety Inventory (BAI), Distorted Thoughts Scale (DTS),
Dialysis Malnutrition Score (DMS), anthropometric, values and laboratory values were also measured.
Seven items were preserved in the adapted appetite questionnaire, with two factors associated with
flavor and gastric fullness (Cronbach’s alpha = 0.758). Diminished appetite was identified with a
cut-off value ≤25 points (sensitivity 73%, specificity 77%). Patients with diminished appetite had a
higher proportion of females and DMS punctuation, lower plasmatic level of creatinine, blood urea
nitrogen, and phosphorus. Appetite score correlated with BDI score, BAI score and DTS. Conclusions:
This simple but robust appetite score adequately discriminates against patients with diminished
appetite. Screening and treatment of psychological conditions may be useful to increase appetite and
the nutritional status of these patients.

Keywords: hemodialysis; appetite; depression; anxiety; distorted thoughts

1. Introduction

Appetite loss is a common phenomenon in end-stage renal disease (ESRD) patients
undergoing maintenance hemodialysis (HD) [1] and is a remarkable cause of protein–
energy wasting syndrome [2]. Appetite loss is associated with symptoms of depression and
anxiety [3], high concentrations of pro-inflammatory cytokines [4,5], hospitalization [6],
diminished quality of life [7], and increased mortality [8]. Despite the high prevalence of
nutritional disorders, there is not a standard method to assess appetite loss. The Appetite
and Diet Assessment Tool (ADAT) is a nutrition-specific instrument [9] that has been used
to measure anorexia prevalence in patients on hemodialysis [10]. A poor score is associated
with adverse clinical outcomes such as hospitalization and risk of death [6].
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Appetite is the state of motivation to eat [11], and it is subjected to several psychologi-
cal and biological factors [12]. Previous studies have highlighted outage, gastrointestinal
disturbances (e.g., gastric distention, constipation, impaired gastric emptying) [13,14], and
even taste disturbances [15] as elements related to appetite loss in ESRD patients. The
importance of the distinction of affective from somatic depressive symptoms in patients
treated with hemodialysis has recently been reported due to the fact that affective symp-
toms predict 3-year mortality [16]. It is not clear whether appetite loss (a somatic symptom)
is overlapped by uremia, inadequate hemodialysis, or psychiatric disturbances related to
hemodialysis such as depression and anxiety [16].

On the other hand, appetite loss is a potential cause of the abovementioned complica-
tions and is intimately and bilaterally related to symptoms of depression and anxiety [3,17].
Furthermore, cognitive distortions are often neglected as a potential factor related to
anorexia [18,19]. Addressing the factors related to low appetite and establishing its re-
lationship with psychological symptoms may be relevant to improve the effectiveness
of nutritional interventions. Particularly in Spanish-speaking countries, such as Mexico,
where the incidence of ESRD is one of the most elevated in the world, the rate could be as
high as 594 per million population, with 135 per thousand receiving dialysis [20].

The purpose of this work was to adapt and validate a Spanish language modified
version of the Council on Nutrition Appetite Questionnaire [21], and additionally to
investigate the psychological and biological factors associated with appetite loss.

2. Materials and Methods
2.1. Patients and Study Protocol

The study included adult patients from three HD units located in two regions of
Mexico: 242 patients who were enrolled for the validation of the appetite questionnaire
(aged between 18 and 80 years old, 39% were women) and 182 patients (aged between 18
and 80 years old, 40% were women) who were enrolled for the analysis of factors related
to low appetite. All patients had at least three months treatment with HD (3 times per
week), with no hospitalization the month prior to the study. Clinical and biochemical
variables from each patient were obtained from the clinical chart. Appetite, the Dialysis
Malnutrition Score, the depression symptoms score, anxiety score, and the Distorted
Thoughts Scale results were obtained from previously validated questionnaires. The
protocol was approved by the Bioethics and Research Committees of the Instituto Nacional
de Cardiología Ignacio Chávez (protocol number 17-1015). Each participant was informed
of the nature of the study, agreed to participate, and signed a consent form.

2.2. Nutritional Status Evaluation

Body weight was taken on a midweek dialysis day after termination of treatment.
Height was obtained from the patient’s chart to calculate the body mass index (BMI)
value. The mid-arm circumference was measured with a plastic tape on the non-
vascular access arm. Triceps skinfold thickness was measured with a conventional
skinfold caliper using standard technique. The average of three measurements was
obtained. The mid-arm muscle circumference was calculated using the next formula:
mid-arm muscle circumference = mid-arm circumference—3.142 × triceps skinfold.
Patients with protein energy waste syndrome were identified when they showed at
least three of the following criteria: albumin <3.3 g/dL, body mass index <3.8 g,
mid-arm muscle circumference <25.3 (male patients) or <23.2 (female patients), and
normalized protein nitrogen appearance <0.8 g/kg/day [22,23]. Laboratory values
(albumin, creatinine, hemoglobin, phosphorus, calcium, and blood urea nitrogen) were
measured immediately before the dialysis in the midweek session. For assessment of
the nutritional status, we used the Dialysis Malnutrition Score (DMS), which consists
of 7 variables based on (a) a patient’s medical history: weight change, dietary intake,
gastrointestinal symptoms, functional capacity, and comorbidity; and (b) a physical
exam: loss of fat stores and signs of muscle wasting. Each DMS component has four
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levels of severity, from 1 (normal) to 5 (very severe). The sum of 7 components results
in an overall score ranging from 7 (normal) to 30 (very severe). The DMS was applied
by the same dietitian to all participants [24].

2.3. Appetite Assessment

The questionnaire used to assess appetite level was based on the Council on Nutrition
Appetite Questionnaire, which includes 8 Likert-type items with a five-point scale for
each [21]. The total appetite score ranges from 8 (worst appetite) to 40 (best appetite). The
score was translated from English to Spanish by three independent experts to obtain a
Spanish version.

We extracted a consecutive sample of 242 patients with ESRD from four hemodialysis
units in four states in Mexico. For validation of the appetite questionnaire, we followed the
method previously used to assess the psychometric properties of a questionnaire applied
to patients with ESRD [25]. A randomized sample of 50% of this population was obtained
in order to do an exploratory analysis followed by a confirmatory analysis as described
below (Section 2.5). With the remaining 50% of participants, another confirmatory analysis
was carried out to compare both models.

A receiver operator characteristic (ROC) curve analysis was performed on the total
appetite score to identify a cut-off value for reduced appetite. We consider the Appetite
and Diet Assessment Tool (ADAT) question as the gold standard [6,26]; that is, “During the
past week, how would you rate your appetite?”, which has a 5-point Likert scale: (1) very
good, (2) good, (3) fair, (4) poor, and (5) very poor. We considered an answer of “fair”,
“poor”, or “very poor appetite” as diminished appetite in the new appetite scale [4].

2.4. Psychological Questionnaires

The Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI) are scales
used to measure depressive and anxiety symptoms in these ESRD patients [27–29]. They
are both 21-item scales that address cognitive and somatic depression or anxiety symptoms,
respectively, and are both widely used in general and clinical populations. The estimated
reliability (Cronbach’s alpha) of the Mexican version of the BAI was 0.83 for a general
population [30]. The reliability of the BDI was 0.87 for a general population [31]. The
distorted thoughts scale (DTS) [18,19] was developed to assess irrational negative thinking
in HD patients through 30 items comprising four subscales (perfectionism, catastrophism,
negative self-labeling, and dichotomous thinking). The validation of this scale in a sample
of 255 ESRD patients showed a Cronbach’s alpha of 0.93, and all subscales had positive
correlations with both depression and anxiety symptoms [18].

2.5. Statistical Analysis

Since most variables did not have a normal distribution (Kolmogorov–Smirnov test),
they were described by the median (percentiles 25–75%). Data were compared between
patients with low appetite versus normal appetite with Mann–Whitney U tests or chi-
squared tests. The variables independently associated with malnutrition were identified by
multiple logistic regression analysis. A p-value < 0.05 was defined as statistically significant.

The validation of the appetite questionnaire was performed with an exploratory
analysis via the following steps: (a) we compared the discriminative power of each item
comparing the highest and lowest punctuations through a t-test; (b) the directionality of
the items was assessed using crossed tables; (c) internal reliability was evaluated using
Cronbach’s alpha statistical analysis; (d) orthogonal analysis was used to identify the items
that belonged to each dimension of the scale; (e) the usefulness of the component structure
was tested using the Kaiser–Meyer–Olkin (KMO) test (sample adequacy index) and Barlett’s
sphericity test; (f) items that were located in two or more component dimensions of the
scale were excluded [32].

Subsequently, we executed the confirmatory factorial analysis (CFA) by means of
the maximum likelihood method, pondering a multifactorial model of two domains with
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the covariance of measurement errors. From the previous exploratory analysis, structural
equations were estimated to calculate the following indices: Chi-squared test (X2), Chi-
squared model index (CMIN), X2/degrees of freedom (CMIN/df ), both for parsimony
analysis of the model measures; adjusted goodness of fit index (GFI) and its complementary
indices, the Tucker–Lewis (TLI) and the comparative goodness of fit index (CFI) indices;
root mean square error of approximation (RMSEA) [33,34].

3. Results
3.1. Appetite Score Validation
3.1.1. Exploratory Analysis

After strictly ensuring that there were no empty cells and checking the directionality
in the crossed tables, as well as the discrimination capacity of all items (t-test with a p-value
less than 0.001), item 8 (“Most of the time I feel...”) was eliminated from the questionnaire
and the following analyses because it was located simultaneously within two factors,
leaving seven items with factor loads of at least 0.40 that were distributed in two factors
(factor 1 = 0.739, 3 items; factor 2 = 0.656, 4 items), Table 1. The total internal consistency
of the questionnaire (Cronbach’s alpha) was α = 0.758, which explains 57.6% of the total
variance; the average of the total scores = 24.6 ± 4, variance = 16.1, with an F value = 376.6,
116 df, p ≤ 0.000 in Hotelling’s t-square test. Bartlett’s sphericity test yielded an estimator of
181.9, 21 degrees of freedom (df ), p < 0.001, confirming non-identity in the correlation matrix.
On the other hand, the KMO indicator was close to the value of 1 (0.783), confirming the
sample adequacy. The final version of the validated questionnaire is shown in Appendix A.

Table 1. Exploratory factor analysis of The Council on Nutrition Appetite Questionnaire (CNAQ) in a random sample of
121 Mexican patients with end-stage renal disease on hemodialysis. Total Cronbach’s alpha = 0.758; total mean = 24.6 ± 4;
total variance = 16.1; Hotelling’s t-squared test, F = 376.6, 116 df, p ≤ 0.000; Total explained variance = 57.6%.

Item

Factorial Load
Item

Mean ± SDFactor 1
(3 Items)

Factor 2
(4 Items)

APPET 5 “Compared to when I was
younger, food tastes . . . ” 0.885 2.83 ± 0.68

APPET 4 “Food tastes . . . ” 0.783 3.79 ± 0.84
APPET 1 “My appetite is . . . ” 0.667 3.59 ± 0.97
APPET 6 “Normally I eat . . . ” 0.737 3.66 ± 0.83
APPET 3 “I feel hungry . . . ” 0.704 2.96 ± 1.06

APPET 7 “I feel sick or nauseated
when I eat . . . ” 0.681 4.20 ± 1.04

APPET 2 “When I eat . . . ” 0.558 3.59 ± 0.87
Alpha value of the factor 0.739 0.656

Percentage of explained variance 28.9 28.7
Mean 10.20 14.40

Standard deviation 2.01 2.66
Factor variance 4.05 7.09

Intraclass factor correlation 0.724 0.644
Lower value 0.627 0.529
Higher value 0.799 0.737

F value 3.63 2.81
p value ≤0.001 ≤0.001

APPET refers to each one of the items of the appetite questionnaire; SD = standard deviation.

3.1.2. Confirmatory Analysis

The following steps were applied under the maximum likelihood method to the
2 factors obtained in the previous exploratory analysis to evaluate their adjustment through
a confirmatory factor analysis (CFA): (1) identification of the model through its components
(endogenous and exogenous variables, as well as the unobserved variables to be identified
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by the model), whereby the total of the variables was less than the non-redundant elements
of the matrix, including residual errors, which converged in an overidentified model that
can clearly be identified, and hence a recursive model emerged; (2) for specification of the
model, which was based on the factorial structure previously explained in the exploratory
analysis, the latent variables were shown as ovals and the observed variables as rectangles,
while the measurements and residual errors were shown as small ovals; (3) for estimation of
the parameters, the AMOS program was used, with which the maximum likelihood method
was applied using standardized estimators such as R2 (multiple squared correlations), the
covariance of each estimator, the indices to be modified, and the critical proportions for
the differences; (4) for evaluation of fit, all coefficients were rigorously reviewed, making
sure that they were below acceptable limits (for example, that there were no negative or
non-significant errors of variance, standardized coefficients greater than 1, or very high
standard errors relative to some estimated coefficient; since the value of the correlations
was less than 0.300, it could be verified that collinearity was not observed in the measured
variables [35], or extreme or univariate scores [36]. Symmetry observed in all variables was
excellent (values less than 1 ± 10 points) [37].

The models obtained from the confirmatory analysis are shown in Figure 1. For model
1, the absolute measurements of the total fit, the value of the chi-square (15.02, p = 306,
13 df ), and the value of its adjusted complement (CMIN/DF = 1.155) were excellent,
verifying the nullity in the errors of the variances and covariances of the model, which fits
the sample, as recommended by experts [33].
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Figure 1. Confirmatory analysis models. F1 = factor 1 (related to the perceived flavor of the food); F2 = factor 2 (re-
lated to the perception of gastric fullness). Items: APPET 1 = “My appetite is . . . ”; APPET 2 = “When I eat . . . ”;
APPET 3 = “I feel hungry . . . ”; APPET 4 = “Food tastes . . . ”; APPET 5 = “Compared to when I was younger, food
tastes . . . ”; APPET 6 = “Normally I eat . . . ”; APPET 7 = “I feel sick or nauseated when I eat . . . ”;. APPET refers to each
one of the items of the appetite questionnaire.
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It was observed that the comparative measures of global adjustment, both the Com-
parative Fit Index (CFI = 0.988), as well as the measure that considers the complexity of the
model (Tucker–Lewis Index = 0.980), easily exceeded the ideal, indicating an excellent fit.
The parsimony indices (PCFI = 0.612) and goodness of fit (GFI = 0.967, AGFI = 0.928) easily
exceeded the acceptable limits, so the model was classified as complex [38]. The mean
square root index of the approximation error (RMSEA = 0.036, CI95% = 0.000–0.101), which
penalizes the increase in the complexity of the model, gave an error value well below the
threshold of 0.08 and close to zero, confirming an almost perfect fit of the data model [33].

The confirmatory analysis was repeated with the remaining 50% of the randomly
drawn data to compare the results in both subsamples. Table 2 shows this comparison, as
well as the resulting indices for each calculated model.

Table 2. Goodness of fit indices of the confirmatory model resulting from 2 factors in kidney patients (n = 242) using the
method of maximum likelihood.

Statistics Desirable Criterion Model #1 (n = 122) Model #2 (n = 122) Interpretation

Absolute fit X2/df
(CMIN/df ) Less than 2 or 3 (CMIN/df ) = 1.155 (CMIN/df ) = 1.239

The errors of the model
are null with the sample

used and the absolute fit is
excellent

Goodness of fit index
(GFI)

>0.900
Preferential > 0.950 GFI = 0.967 GFI = 0.964 Good fit

Comparative goodness of
fit index (CFI) >0.900, Preferential > 0.950 CFI = 0.988 CFI = 0.980 Acceptable comparative fit

Root mean square residual
(RMR) Near zero RMR = 0.040 RMR = 0.036

Model error close to zero,
almost perfect fit of model

to data

Root mean square error of
approximation (RMSEA)

Less than 0.08, close to
zero

RMSEA = 0.036
(0.000–0.101)

RMSEA = 0.045
(0.000–0.106)

Model error close to zero,
almost perfect fit of model

to data

X2 = Chi-squared test; df = degrees of freedom; CMIN = Chi-squared model index.

3.2. Factors Associated with Low Appetite

We used the second sample of 182 patients to evaluate the association of the final
total appetite score (and the two factors of appetite) with other study variables (Table 3).
The total appetite score and the two factors had significant negative correlations with the
dialysis malnutrition score, depression, and anxiety scores, and a positive correlation with
serum phosphorus levels. The total appetite score and factor 2 showed significant positive
and negative correlations with serum albumin and distorted thoughts score, respectively.
No significant correlations between appetite score and hemoglobin, calcium, or blood urea
nitrogen (BUN) were found.

Table 3. Spearman’s correlation analysis between the appetite score, malnutrition variables, and psychological
variables (n = 182).

Appetite Score

Variables Total Score Factor 1 Factor 2

Dialysis malnutrition score −0.227 ** −0.217 ** 0.154 *
Albumin (g/dL) 0.258 ** 0.135 0.294 **

Creatinine (mg/dL) 0.116 0.121 0.082
Hemoglobin (mg/dL) 0.039 0.012 0.074
Phosphorus (mg/dL) 0.252 ** 0.173 * 0.217 **

Calcium (mg/dL) −0.040 −0.066 −0.008
BUN (mg/dL) 0.108 0.034 0.122

Total depression score −0.372 ** −0.313 ** −0.339 **
Total anxiety score −0.362 ** −0.310 ** −0.317 **

Distorted thoughts score −0.222 ** −0.133 −0.238 **

Note: * p < 0.05; ** p < 0.01.
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To identify those patients with reduced appetite, we used the ADAT appetite question
as the gold standard, as described in the Methods section. In this sample of 182 patients,
the responses to the ADAT question were: very good (N = 21, 11.5%), good (N = 105,
57.7%), fair (N = 42, 23.1%), poor (N = 8, 4.4%), and very poor (N = 6, 3.3%). We obtained a
group of 56 patients with diminished appetite (which included those with responses of fair,
poor, or very poor appetite in the ADAT question) and a group of 126 patients who had
no reduced appetite (which included those with responses of good or very good appetite
in the ADAT question). The ROC curve analysis of the total appetite score showed that
the best cut-off value in the new appetite score for diminished appetite was ≤25 points,
with a sensitivity of 73%, a specificity of 77%, an area under the curve (AUC) score of 0.86
(0.8 –0.9, CI 95%, p < 0.001), and an orthogonal distance of 0.35 to the optimum value (0,1)
(Figure 2).
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Figure 2. Receiver operator characteristic (ROC) curve analysis of the total appetite score to determine
the optimum cut-off value for low appetite. An answer of “poor”, “very poor”, or “regular” appetite
in the ADAT question was considered as the reference value. The best value to identify those with
low appetite was a total appetite score ≤ 25 points, with a sensitivity of 73%, specificity of 77%, and
an orthogonal distance of 0.35 to the optimum value (0,1). The area under the curve (AUC) score was
0.86 (0.8–0.9, CI 95%, p < 0.001)

Table 4 shows the anthropometric variables, laboratory results, dialysis malnutrition
scores, and psychological variables compared by appetite level. Patients with an appetite
score ≤ 25 points (fair, poor, and very poor appetite) were considered to have a diminished
appetite. This group of patients shows a higher proportion of females; lower educational
level; less remunerated work; and lower creatinine, phosphorus, and blood urea nitrogen
(BUN) compared to the group without disturbed appetite. Patients with diminished
appetite also exhibited higher dialysis malnutrition, depression, and anxiety scores for
both somatic and cognitive symptoms and distorted thoughts scores for all subscales
(perfectionism, catastrophism, negative self-labeling, and dichotomous thinking). No
differences regarding age, marital status, body mass index, percentage of ideal weight, mid-
arm circumference, tricipital skinfold, mid-arm muscle circumference, normalized protein
nitrogen appearance, the proportion of patients with PEW, the proportion of patients with
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diabetes mellitus, HD vintage, HD session time, albumin, hemoglobin, or calcium were
observed between groups.

Table 4. Anthropometric variables, laboratory results, dialysis malnutrition scores, and psychological variables compared
by appetite level in 182 ESRD patients treated with chronic HD.

Diminished Appetite Score (≤25 points)

Yes (N = 56) No (N = 126) p-Value

Age (years) 52 (40–62) 48 (34–58) 0.064
Female sex 31 (55%) 42 (33%) 0.008

Educational level
0.021Elementary 48 (86%) 89 (71%)

High school or higher 8 (14%) 37 (29%)
Marital status

0.837Single 18 (32%) 39 (31%)
Couple 38 (68%) 87 (69%)

Remunerated work 8 (14%) 37 (29%) 0.021
Diabetes mellitus 25 (45%) 54 (43%) 0.872

HD vintage (months) 24 (9–42) 24 (9–48) 0.780
HD session time (hours) 3.8 (3.0–4.0) 3.5 (3.0–4.0) 0.983

Albumin (g/dL) 3.7 (3.4–4.1) 3.8 (3.4–4.3) 0.496
Creatinine (mg/dL) 8.6 (6.8–10.4) 9.9 (7.5–12) 0.025

Hemoglobin (mg/dL) 9.4 (7.9–10.4) 8.9 (7.7–10.4) 0.443
Phosphorus (mg/dL) 4.6 (3.8–6.7) 5.8 (4.5–7.5) 0.019

Calcium (mg/dL) 8.9 (8.3–9.4) 8.7 (8.1–9.4) 0.554
BUN (mg/dL) 54 (47–69) 64 (50–76) 0.038

Body mass index (Kg/m2) 23.3 (21.6–27.9) 24.2 (21.4–29.1) 0.497
Percentage of ideal weight 101.6 (93.9–114.3) 105.6 (93.3–121.4) 0.408

Mid-arm circumference (cm) 25.5 (23.3–28.4) 26.5 (24.0–29.5) 0.252
Tricipital skinfold (cm) 1.3 (0.9–1.6) 1.2 (0.9–1.6) 0.977

Mid-arm muscle circumference 21.6 (19.5–23.7) 22.8 (20.7–24.7) 0.074
nPNA (g/kg/day) 1.12 (0.83–1.35) 1.16 (0.87–1.48) 0.412

Dialysis malnutrition score 16 (13–19) 14 (12–17) 0.032
PEW (%) 15 (27%) 27 (21%) 0.429

Total depression score 15 (7–23) 7 (3–12) <0.001
Somatic symptoms 11 (6–16) 6 (2–9) <0.001

Cognitive symptoms 3 (1–8) 1 (0–4) 0.001
Total anxiety score 15 (7–23) 7 (3–12) <0.001

Somatic symptoms 8 (3–15) 4 (1–7) <0.001
Cognitive symptoms 3 (1–5) 0 (0–3) <0.001

Distorted thoughts score 56 (48–72) 44 (37–59) <0.001
Catastrophism 23 (16–28) 15 (12–25) 0.001

Dichotomous thinking 16 (10–20) 11 (9–25) 0.046
Negative self-labelling 9 (7–13) 7 (6–11) 0.001

Perfectionism 8 (6–11) 5 (5–7) <0.001

Note: ESRD = end-stage renal disease; HD = hemodialysis; BUN = blood urea nitrogen; nPNA = normalized protein nitrogen appearance;
PEW = protein energy waste syndrome.

The logistic regression analysis in Table 5 shows that after controlling for female
sex, age, and diabetes mellitus, diminished appetite was independently associated with
depression and anxiety symptoms and distorted thoughts score.
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Table 5. Logistic regression analysis of factors related to diminished appetite (total score ≤ 25 points) in 182 ESRD patients
treated with HD.

Univariate Multivariate

O.R. (I.C.95%) p O.R. (I.C.95%) p

Age (years) 1.02 (1.00–1.04) 0.08 1.02 (1.00–1.05) * 0.05
Female sex 2.48 (1.30–4.72) <0.01 2.66 (1.36–5.17) * <0.01

Elementary education 2.49 (1.08–5.78) 0.03 1.97 (0.77–5.00) & 0.15
Remunerated work 0.40 (0.17–0.93) 0.03 0.50 (0.20–1.28) & 0.15

Dialysis malnutrition score 1.07 (0.99–1.17) 0.10 1.04 (0.95–1.13) & 0.43
Creatinine (mg/dL) 0.92 (0.85–1.00) 0.06 0.96 (0.88–1.06) & 0.42

Phosphorus (mg/dL) 0.85 (0.72–0.99) 0.05 0.86 (0.73–1.01) & 0.07
BUN (mg/dL) 0.99 (0.98–1.00) 0.09 0.99 (0.97–1.00) & 0.10

Total depression score 1.09 (1.05–1.13) <0.01 1.08 (1.04–1.13) & <0.01
Somatic symptoms 1.15 (1.07–1.22) <0.01 1.14 (1.06–1.22) & <0.01

Cognitive symptoms 1.11 (1.08–1.23) <0.01 1.16 (1.06–1.27) & <0.01
Total anxiety score 1.11 (1.05–1.16) <0.01 1.10 (1.04–1.15) & <0.01

Somatic symptoms 1.14 (1.07–1.22) <0.01 1.13 (1.06–1.21) & <0.01
Cognitive symptoms 1.23 (1.09–1.38) <0.01 1.20 (1.06–1.35) & <0.01

Distorted thoughts score 1.03 (1.02–1.05) <0.01 1.03 (1.02–1.06) & <0.01

* The odds ration (O.R.) values were obtained from one model, which included age and female sex. & The O.R. values were obtained from a
model adjusted by age and female sex. BUN = blood urea nitrogen

4. Discussion

The main contribution of this work was successfully adapting a Spanish language
version of the Council on Nutrition Appetite Questionnaire to assess appetite in ESRD
patients treated with hemodialysis, demonstrating the reliability and validity of the new
questionnaire (Figure 3). This instrument preserves seven of the eight original items.
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Figure 3. Diagram of the main contributions of the current study. The adapted questionnaire is a simple, valid, and reliable
tool to assess appetite level in Spanish-speaking patients treated with hemodialysis. The ROC curve analysis showed
that a low score discriminates against those patients with diminished appetite, with a potential application as a screening
tool. Depression symptoms, anxiety symptoms, and distorted thoughts are independent factors of diminished appetite.
Treatment of these psychological variables may be useful to improve appetite level.

Through the confirmatory analysis, we proved that the theoretical structural model
fits satisfactorily the data gathered in our population according to the most important
reliability and validity indices [33,35–38]. The data obtained from both random samples (for
exploratory and confirmatory analysis) shows that factors 1 and 2 were strongly associated.
We also concluded that the model is balanced and parsimonious, as was confirmed by the
most robust indicators of the fit of the model’s structure (CFI, RMR, and RMSEA) [34].
Along with the creation of the questionnaire, this work showed that the majority of ESRD



Nutrients 2021, 13, 1371 10 of 16

patients undergoing chronic HD with diminished appetite were females. We also found
metabolic and psychological differences, such as lower creatinine, BUN, and phosphorus
serum levels; and higher depression and anxiety (cognitive and somatic symptoms and
distorted thinking scores, including catastrophism, dichotomous thinking, negative self-
labeling, and perfectionism). Higher dialysis malnutrition scores was observed in patients
belonging to the diminished appetite category as well.

The main motivation for developing a new tool to evaluate appetite loss was the urge
to study patients’ perceptions associated with it. The ADAT question evaluates the appetite
level with only one question [39,40], while an advantage of our new tool is that it allows us
to evaluate two principal dimensions associated with appetite loss: factor 1 (related to the
perceived flavor of the food) and factor 2 (related to the perception of gastric fullness). The
study of these factors also permits us to explore the association of psychological appetite
dimensions with maladaptive cognitive modifications, malnutrition, mood disorders (phys-
ical and cognitive symptoms), and metabolic alterations. We adapted the CNAQ, which
was originally developed for elderly patients [21]. However, we managed to successfully
apply it to HD patients, which are also a malnutrition-susceptible population. The distinc-
tive features of this questionnaire will enable the inquiry of eating habits and psychological
and metabolic factors associated with appetite, and perhaps isolate the phenomenon from
cognitive distortion, as flavor-related factor 1 is not associated with cognitive distortion.
Nevertheless, the total appetite scale and its two factors are associated with depression
and anxiety symptoms, indicating a strong bond between depression and anxiety and
appetite level. In fact, we excluded question 8 from the original CNAQ because its factorial
load was included in both factor 1 and factor 2. Therefore, it was considered an imprecise
question to assess either factor.

Appetite assessment in ESRD patients is a complex task due to several potential
confounders inherent to the disease and its complications. Appetite modification is one of
the symptoms related to depression, anxiety, and uremia. Additionally, the interactions
among these symptoms synergically modify patients’ motivation to eat. The best method
to assess symptoms of depression in this population has been the object of debate. The BDI
is a well-grounded method to achieve this purpose in HD patients, using a higher cut-off
score from the general population [41–44]. Anxiety symptoms are less studied compared
to depression, although they are highly prevalent (approximately 22% measured by BAI
score) compared with the estimated 7.3% prevalence of anxiety disorders in the general
population [45], and are related to higher mortality in these patients [46]. It is important to
point out that even if the symptoms of mood and anxiety disorders also overlap, they belong
to different categories of mental illness and require focused management. Interestingly,
we found a larger proportion of females in the group with disturbed appetite in our
study, which had higher depressive and anxiety symptoms scores. It is well known that
depression and anxiety disorders are more prevalent in women than men [47,48]. Despite
the identification of biological and physiological factors related to a higher prevalence of
depression and anxiety, the reason for this difference remains unknown [49,50]. Moreover,
advanced age is a well-recognized risk factor for developing depression [51], although we
found no differences between groups in our study regarding age.

Depression modifies appetite levels via immune system dysregulation and endocrine
and nervous system imbalance [52], which leads to different subgroups of appetite modifi-
cations [53]. In this work, we focused on decreased appetite levels, as they pose a threat
to the health of patients undergoing HD. Appetite reduction is related to increased death
risk [4], hospitalization rates, diminished quality of life, elevated serum concentrations
of pro-inflammatory cytokines, and erythropoietin hyperresponsiveness [4]. Depressive
symptoms can be divided into cognitive and somatic symptoms, which refer to different
psychological dimensions and are of great importance in clinical practice. In fact, affective
(cognitive) symptoms of depression predict long-term mortality in patients treated with
hemodialysis [16]. We found higher scores for both somatic and cognitive symptoms in
patients with diminished appetite for depression and anxiety. As was demonstrated by
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multivariate analysis controlled by sex and age in this work, appetite loss was strongly
associated with total depression and anxiety score.

Distorted thinking is associated with depression and anxiety symptoms in patients
undergoing HD and other chronic diseases [18,54,55]. In a previous study [19], we explored
the prevalence of distorted thoughts in our population and developed a psychological
intervention to improve this and other psychological aspects of patients undergoing HD.
The present study shows that cognitive distortion is strongly associated with diminished
appetite in univariate analysis. Additionally, this pattern was observed after multivariate
analysis, suggesting that cognitive distortion modifies appetite on its own, as is observed
in other psychopathologies [56], such as anorexia nervosa [57], mood disorders [58], and
chronic diseases [59], but is often a neglected phenomenon in ESRD.

Patients undergoing HD are subjected to several lifestyle changes, such as dietary
and fluid restrictions due to their medical condition. Their adherence to the treatment is
highly influenced by the patients’ environment, perceptions, and social support [60–63].
The explicit role of distorted thinking in dietary and fluid restriction adherence is un-
known. Interestingly, cognitive intervention therapy, which aims to cognitive restructuring
and relieve maladaptive thoughts [64], has a positive effect on adherence to HD fluid
restrictions [65].

Elevated serum phosphorus is a well-known risk factor for cardiovascular and all-
cause mortality in patients with ESRD [66–68]. We also found lower levels of serum
phosphorus in patients with diminished appetite. However, we did not observe a sig-
nificant correlation with diminished appetite after multivariate analysis. There was no
difference in albumin levels between patients with normal and diminished appetite, despite
its correlations with total appetite and factor 2 score. This is probably attributed to the
relatively moderate severity of malnutrition in our population. Creatinine levels were
lower in HD patients with diminished appetite within our study, as were BUN levels.
Creatinine levels are influenced by nutrition, inflammation, serum protein, and muscle
mass [4,69]. It is likely that creatinine and BUN are decreased by malnutrition and muscle
mass loss. However, neither creatinine nor BUN were associated with the diminished
appetite score after multivariate analysis. Additional limitations of this work include the
potential influence of cardiovascular, cerebrovascular, and peripheral vascular disease and
gastrointestinal disturbances, which were not assessed. Furthermore, we did not explore
other potential associated factors, such as total iron-binding capacity, subcutaneous fat,
and muscle wasting.

5. Conclusions

The adapted appetite score adequately discriminates against patients with diminished
appetite and discerns two main components of appetite in HD patients—perceived flavor
of food and perception of gastric fullness. Low scores on this scale are associated with
elevated dialysis malnutrition scores. Moreover, depression, anxiety, and distorted thinking
are independent factors of diminished appetite. Screening and treatment for psychological
conditions may be useful to increase appetite and the nutritional status of these patients.
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Appendix A

Spanish language appetite questionnaire adapted from the Council on Nutrition
Appetite Questionnaire (CNAQ). The English language equivalent texts for patient infor-
mation, administration instructions, and each item are shown in italics.

Cuestionario del nivel general de apetito
(Appetite Questionnaire)
Nombre (Name): __________________________________ Sexo (Sex): ______
Edad (Age): ____ Peso (Weight): ____ Talla (Height): ____ Fecha (Date): ____
Instrucciones de administración: Pida al participante que responda el cuestionario

encerrando las respuestas correctas y luego sume los resultados basados en la siguiente
escala numérica: a = 1, b = 2, c = 3, d = 4, e = 5.

Administration Instructions: Ask the subject to complete the questionnaire by circling the
correct answers and then tally the results based upon the following numerical scale: a = 1, b = 2,
c = 3, d = 4, e = 5.

1. Mi apetito es . . . (My appetite is . . . )

(a) Muy malo (very poor)
(b) Malo (poor)
(c) Normal (average)
(d) Bueno (good)
(e) Muy bueno (very good)

2. Cuando como . . . (When I eat . . . )

(a) Me lleno después de unos bocados (I feel full after eating only a few mouthfuls)
(b) Me lleno después de comer la tercera parte de la comida (I feel full after eating about

0ne-third of a meal)
(c) Me lleno después de haber comido la mitad de la comida (I feel full after eating over

half a meal)
(d) Me lleno después de haber comido casi toda la comida (I feel full after eating most of

the meal)
(e) Nunca me lleno (I hardly ever feel full)

3. Siento hambre . . . (I feel hungry . . . )

(a) Casi nunca (rarely)
(b) Ocasionalmente (occasionally)
(c) Parte del tiempo (some of the time)
(d) Casi todo el tiempo (most of the time)
(e) Todo el tiempo (all of the time)

4. El sabor de la comida es . . . (food tastes . . . )

(a) Muy malo (very bad)
(b) Malo (bad)
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(c) Regular (average)
(d) Bueno (good)
(e) Muy bueno (very good)

5. Comparado a cuando era más joven la comida me sabe . . . (Compared to when I
was younger, food tastes . . . )

(a) Mucho peor (much worse)
(b) Peor (worse)
(c) Igual (just as good)
(d) Mejor (better)
(e) Mucho mejor (much better)

6. Normalmente como . . . (Normally I eat . . . )

(a) Menos de una comida al día (less than one meal a day)
(b) Una comida al día (one meal a day)
(c) Dos comidas al día (two meals a day)
(d) Tres comidas al día (three meals a day)
(e) Más de tres veces al día (more than three meals a day)

7. Me siento mal o con nauseas cuando como . . . (I feel sick or nauseated when I eat . . . )

(a) La mayoría de las veces (most times)
(b) Frecuentemente (often)
(c) Algunas veces (sometimes)
(d) Casi nunca (rarely)
(e) Nunca (never)

Puntaje total (score): ____

References
1. Bossola, M.; Giungi, S.; Luciani, G.; Tazza, L. Appetite in Chronic Hemodialysis Patients: A Longitudinal Study. J. Ren. Nutr.

2009, 19, 372–379. [CrossRef]
2. Bossola, M.; Tazza, L.; Giungi, S.; Luciani, G. Anorexia in hemodialysis patients: An update. Kidney Int. 2006, 70, 417–422.

[CrossRef] [PubMed]
3. Bossola, M.; Ciciarelli, C.; Di Stasio, E.; Panocchia, N.; Conte, G.L.; Rosa, F.; Tortorelli, A.; Luciani, G.; Tazza, L. Relationship

Between Appetite and Symptoms of Depression and Anxiety in Patients on Chronic Hemodialysis. J. Ren. Nutr. 2012, 22, 27–33.
[CrossRef] [PubMed]

4. Kalantar-Zadeh, K.; Block, G.; McAllister, C.J.; Humphreys, M.H.; Kopple, J.D. Appetite and inflammation, nutrition, anemia,
and clinical outcome in hemodialysis patients. Am. J. Clin. Nutr. 2004, 80, 299–307. [CrossRef] [PubMed]

5. Carrero, J.J.; Qureshi, A.R.; Axelsson, J.; Avesani, C.M.; Suliman, M.E.; Kato, S.; Bárány, P.; Snaedal-Jonsdottir, S.; Alvestrand, A.;
Heimbürger, O.; et al. Comparison of nutritional and inflammatory markers in dialysis patients with reduced appetite. Am. J.
Clin. Nutr. 2007, 85, 695–701. [CrossRef]

6. Burrowes, J.D.; Larive, B.; Chertow, G.M.; Cockram, D.B.; Dwyer, J.T.; Greene, T.; Kusek, J.W.; Leung, J.; Rocco, M.V. Self-reported
appetite, hospitalization and death in haemodialysis patients: Findings from the Hemodialysis (HEMO) Study. Nephrol. Dial.
Transplant. 2005, 20, 2765–2774. [CrossRef]

7. Zabel, R.; Ash, S.; King, N.; Juffs, P.; Bauer, J. Relationships between appetite and quality of life in hemodialysis patients. Appetite
2012, 59, 194–199. [CrossRef]

8. Gama-Axelsson, T.; Lindholm, B.; Bárány, P.; Heimbürger, O.; Stenvinkel, P.; Qureshi, A.R. Self-Rated Appetite as a Predictor of
Mortality in Patients With Stage 5 Chronic Kidney Disease. J. Ren. Nutr. 2013, 23, 106–113. [CrossRef] [PubMed]

9. Buckner, S.; Dwyer, J. Do we need a nutrition-specific quality of life questionnaire for dialysis patients? J. Ren. Nutr. 2003, 13, 295–302.
[CrossRef]

10. Oliveira, C.M.C.; Kubrusly, M.; Lima, A.T.; Torres, D.M.; Cavalcante, N.M.R.; JerÔnimo, A.L.C.; Oliveira, T.C.B. Correlation
between nutritional markers and appetite self-assessments in hemodialysis patients. J. Ren. Nutr. 2015, 25, 301–307. [CrossRef]

11. Drapeau, V.; King, N.; Hetherington, M.; Doucet, E.; Blundell, J.; Tremblay, A. Appetite sensations and satiety quotient: Predictors
of energy intake and weight loss. Appetite 2007, 48, 159–166. [CrossRef]

12. Berthoud, H.-R.; Morrison, C. The Brain, Appetite, and Obesity. Annu. Rev. Psychol. 2008, 59, 55–92. [CrossRef]
13. Bossola, M.; Muscaritoli, M.; Tazza, L.; Panocchia, N.; Liberatori, M.; Giungi, S.; Tortorelli, A.; Fanelli, F.R.; Luciani, G. Variables

associated with reduced dietary intake in hemodialysis patients. J. Ren. Nutr. 2005, 15, 244–252. [CrossRef] [PubMed]

http://doi.org/10.1053/j.jrn.2009.01.015
http://doi.org/10.1038/sj.ki.5001572
http://www.ncbi.nlm.nih.gov/pubmed/16775598
http://doi.org/10.1053/j.jrn.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/21684178
http://doi.org/10.1093/ajcn/80.2.299
http://www.ncbi.nlm.nih.gov/pubmed/15277149
http://doi.org/10.1093/ajcn/85.3.695
http://doi.org/10.1093/ndt/gfi132
http://doi.org/10.1016/j.appet.2012.02.016
http://doi.org/10.1053/j.jrn.2012.04.009
http://www.ncbi.nlm.nih.gov/pubmed/22739657
http://doi.org/10.1016/S1051-2276(03)00119-5
http://doi.org/10.1053/j.jrn.2014.09.006
http://doi.org/10.1016/j.appet.2006.08.002
http://doi.org/10.1146/annurev.psych.59.103006.093551
http://doi.org/10.1053/j.jrn.2005.01.004
http://www.ncbi.nlm.nih.gov/pubmed/15827898


Nutrients 2021, 13, 1371 14 of 16

14. Bossola, M.; Luciani, G.; Rosa, F.; Tazza, L. Appetite and Gastrointestinal Symptoms in Chronic Hemodialysis Patients. J. Ren.
Nutr. 2011, 21, 448–454. [CrossRef]

15. Lynch, K.E.; Lynch, R.; Curhan, G.C.; Brunelli, S.M. Altered Taste Perception and Nutritional Status Among Hemodialysis
Patients. J. Ren. Nutr. 2013, 23, 288–295.e1. [CrossRef]

16. Cheng, H.-T.; Ho, M.-C.; Hung, K.-Y. Affective and cognitive rather than somatic symptoms of depression predict 3-year mortality
in patients on chronic hemodialysis. Sci. Rep. 2018, 8, 5868. [CrossRef]

17. Simmons, W.K.; Burrows, K.; Avery, J.A.; Kerr, K.L.; Bodurka, J.; Savage, C.R.; Drevets, W.C. Depression-related increases and
decreases in appetite: Dissociable patterns of aberrant activity in reward and interoceptive neurocircuitry. Am. J. Psychiatry 2016,
173, 418–428. [CrossRef] [PubMed]

18. Lerma, A.; Salazar, E.; Perez-Grovas, H.; Bermúdez, L.; Gutiérrez, D.; Reyes Lagunes, I.; Bochiccio, T.; García, R.; Lerma, C.
Desarrollo y validación de un instrumento para la evaluación de distorsiones cognitivas en pacientes con insuficiencia renal
crónica terminal. Salud Ment. 2012, 35, 189–194.

19. Lerma, A.; Perez-Grovas, H.; Bermudez, L.; Peralta-Pedrero, M.L.; Robles-García, R.; Lerma, C. Brief cognitive behavioural
intervention for depression and anxiety symptoms improves quality of life in chronic haemodialysis patients. Psychol. Psychother.
Theory Res. Pract. 2017, 90, 105–123. [CrossRef]

20. Annual Data Report|USRDS. Available online: https://adr.usrds.org/2020/end-stage-renal-disease/11-international-
comparisons (accessed on 7 March 2021).

21. Wilson, M.M.G.; Thomas, D.R.; Rubenstein, L.Z.; Chibnall, J.T.; Anderson, S.; Baxi, A.; Diebold, M.R.; Morley, J.E. Appetite
assessment: Simple appetite questionnaire predicts weight loss in community-dwelling adults and nursing home residents. Am.
J. Clin. Nutr. 2005, 82, 1074–1081. [CrossRef]

22. Fouque, D.; Kalantar-Zadeh, K.; Kopple, J.; Cano, N.; Chauveau, P.; Cuppari, L.; Franch, H.; Guarnieri, G.; Ikizler, T.A.;
Kaysen, G.; et al. A proposed nomenclature and diagnostic criteria for protein-energy wasting in acute and chronic kidney
disease. Kidney Int. 2008, 73, 391–398. [CrossRef]

23. Noori, N.; Kopple, J.D.; Kovesdy, C.P.; Feroze, U.; Sim, J.J.; Murali, S.B.; Luna, A.; Gomez, M.; Luna, C.; Bross, R.; et al.
Mid-arm muscle circumference and quality of life and survival in maintenance hemodialysis patients. Clin. J. Am. Soc.
Nephrol. 2010, 5, 2258–2268. [CrossRef]

24. Kalantar-Zadeh, K.; Kleiner, M.; Dunne, E.; Lee, G.H.; Luft, F.C. A modified quantitative subjective global assessment of nutrition
for dialysis patients. Nephrol. Dial. Transplant. 1999, 14, 1732–1738. [CrossRef] [PubMed]

25. Lerma, A.; Ordónez, G.; Mendoza, L.; Salazar-Robles, E.; Rivero, J.; Pérez-Granados, E.; Pérez-Grovas, H.; Ruiz-Palacios, P.;
Ibarra, A.; Lerma, C. Psychometric properties of the resilience scale in Mexican patients with chronic hemodialysis. Salud
Ment. 2019, 42, 121–129. [CrossRef]

26. Burrowes, J.D.; Larive, B.; Cockram, D.B.; Dwyer, J.; Kusek, J.W.; McLeroy, S.; Poole, D.; Rocco, M.V. Effects of dietary intake,
appetite, and eating habits on dialysis and non-dialysis treatment days in hemodialysis patients: Cross-sectional results from the
HEMO study. J. Ren. Nutr. 2003, 13, 191–198. [CrossRef]

27. Brekke, F.B.; Amro, A.; Osthus, T.B.H.; Dammen, T.; Waldum, B.; Os, I. Sleep complaints, depression and quality of life in
Norwegian dialysis patients. Clin. Nephrol. 2013, 80, 88–97. [CrossRef] [PubMed]

28. Cukor, D.; Ver Halen, N.; Asher, D.R.; Coplan, J.D.; Weedon, J.; Wyka, K.E.; Saggi, S.J.; Kimmel, P.L. Psychosocial intervention
improves depression, quality of life, and fluid adherence in hemodialysis. J. Am. Soc. Nephrol. 2014, 25, 196–206. [CrossRef]

29. McKercher, C.M.; Venn, A.J.; Blizzard, L.; Nelson, M.R.; Palmer, A.J.; Ashby, M.A.; Scott, J.L.; Jose, M.D. Psychosocial factors in
adults with chronic kidney disease: Characteristics of pilot participants in the Tasmanian Chronic Kidney Disease study. BMC
Nephrol. 2013, 14, 83. [CrossRef]

30. Robles, R.; Varela, R.; Jurado, S.; Páez, F. Versión mexicana del inventario de ansiedad de Beck: Propiedades psicométricas. Rev.
Mex. Psicol. 2001, 18, 211–218.

31. Jurado, S.; Villegas, M.; Méndez, L.; Rodríguez, F.; Loperena, V.; Varela, R. The standardization of the Beck Depression Inventory
for Mexico City inhabitants. Salud Ment. 1998, 21, 26–31.

32. Furr, R.M. Scale Construction and Psychometrics for Social and Personality Psychology; SAGE Publications Ltd.: Thousand Oaks, CA,
USA, 2011.

33. Byrne, B.M. Structural Equation Modeling with AMOS: Basic Concepts, Applications, and Programming, 1st ed.; Routledge: New York,
NY, USA, 2001; Volume 20.

34. Ullman, J.B. Structural equation modeling: Reviewing the basics and moving forward. J. Personal. Assess. 2006, 87, 35–50.
[CrossRef]

35. Kline, R. Principles and Practice of Structural Equation Modeling; The Guilford Press: New York, NY, USA, 2010.
36. George, D.; Mallery, P. Using SPSS for Windows Step-by-Step: A Simple Guide and Reference; Aliyn & Bacon: Boston, MA, USA, 2010.
37. Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics, 7th ed.; Pearson: Boston, MA, USA, 2019; ISBN 0134790545.
38. Hu, L.T.; Bentler, P.M. Fit Indices in Covariance Structure Modeling: Sensitivity to Underparameterized Model Misspecification.

Psychol. Methods 1998, 3, 424–453. [CrossRef]
39. Sahathevan, S.; Se, C.H.; See, H.N.; Chinna, K.; Harvinder, G.S.; Chee, W.S.S.; Goh, B.L.; Gafor, H.A.; Bavanandan, S.;

Ahmad, G.; et al. Assessing protein energy wasting in a Malaysian haemodialysis population using self-reported appetite
rating: A cross-sectional study. BMC Nephrol. 2015, 16, 99. [CrossRef]

http://doi.org/10.1053/j.jrn.2010.09.003
http://doi.org/10.1053/j.jrn.2012.08.009
http://doi.org/10.1038/s41598-018-24267-5
http://doi.org/10.1176/appi.ajp.2015.15020162
http://www.ncbi.nlm.nih.gov/pubmed/26806872
http://doi.org/10.1111/papt.12098
https://adr.usrds.org/2020/end-stage-renal-disease/11-international-comparisons
https://adr.usrds.org/2020/end-stage-renal-disease/11-international-comparisons
http://doi.org/10.1093/ajcn/82.5.1074
http://doi.org/10.1038/sj.ki.5002585
http://doi.org/10.2215/CJN.02080310
http://doi.org/10.1093/ndt/14.7.1732
http://www.ncbi.nlm.nih.gov/pubmed/10435884
http://doi.org/10.17711/SM.0185-3325.2019.016
http://doi.org/10.1016/S1051-2276(03)00069-4
http://doi.org/10.5414/CN107916
http://www.ncbi.nlm.nih.gov/pubmed/23611520
http://doi.org/10.1681/ASN.2012111134
http://doi.org/10.1186/1471-2369-14-83
http://doi.org/10.1207/s15327752jpa8701_03
http://doi.org/10.1037/1082-989X.3.4.424
http://doi.org/10.1186/s12882-015-0073-x


Nutrients 2021, 13, 1371 15 of 16

40. Burrowes, J.D.; Powers, S.N.; Cockram, D.B.; McLeroy, S.L.; Dwyer, J.T.; Cunniff, P.J.; Paranandi, L.; Kusek, J.W. Use of an appetite
and diet assessment tool in the pilot phase of a hemodialysis clinical trial: Mortality and morbidity in hemodialysis study. J. Ren.
Nutr. 1996, 6, 229–232. [CrossRef]

41. Cohen, S.D.; Norris, L.; Acquaviva, K.; Peterson, R.A.; Kimmel, P.L. Screening, diagnosis, and treatment of depression in patients
with end-stage renal disease. Clin. J. Am. Soc. Nephrol. 2007, 2, 1332–1342. [CrossRef] [PubMed]

42. Watnick, S.; Wang, P.L.; Demadura, T.; Ganzini, L. Validation of 2 depression screening tools in dialysis patients. Am. J. Kidney
Dis. 2005, 46, 919–924. [CrossRef] [PubMed]

43. Chilcot, J.; Wellsted, D.; Da Silva-Gane, M.; Farrington, K. Depression on Dialysis. Nephron Clin. Pract. 2008, 108, c256–c264.
[CrossRef] [PubMed]

44. Cukor, D.; Cohen, S.D.; Peterson, R.A.; Kimmel, P.L. Psychosocial Aspects of Chronic Disease: ESRD as a Paradigmatic Illness. J.
Am. Soc. Nephrol. 2007, 18, 3042–3055. [CrossRef] [PubMed]

45. Craske, M.G.; Stein, M.B. Anxiety. Lancet 2016, 388, 3048–3059. [CrossRef]
46. Schouten, R.W.; Haverkamp, G.L.; Loosman, W.L.; Chandie Shaw, P.K.; van Ittersum, F.J.; Smets, Y.F.C.; Vleming, L.J.; Dekker,

F.W.; Honig, A.; Siegert, C.E.H. Anxiety Symptoms, Mortality, and Hospitalization in Patients Receiving Maintenance Dialysis: A
Cohort Study. Am. J. Kidney Dis. 2019, 74, 158–166. [CrossRef]

47. Pigott, T.A. Anxiety disorders in women. Psychiatr. Clin. N. Am. 2003, 26, 621–672. [CrossRef]
48. Cyranowski, J.M.; Frank, E.; Young, E.; Shear, M.K. Adolescent onset of the gender difference in lifetime rates of major depression.

A theoretical model. Arch. Gen. Psychiatry 2000, 57, 21–27. [CrossRef] [PubMed]
49. Albert, P.R. Why is depression more prevalent in women? J. Psychiatry Neurosci. 2015, 40, 219–221. [CrossRef]
50. McLean, C.P.; Anderson, E.R. Brave men and timid women? A review of the gender differences in fear and anxiety. Clin. Psychol.

Rev. 2009, 29, 496–505. [CrossRef]
51. Mosleh, H.; Alenezi, M.; Al johani, S.; Alsani, A.; Fairaq, G.; Bedaiwi, R. Prevalence and Factors of Anxiety and Depression in

Chronic Kidney Disease Patients Undergoing Hemodialysis: A Cross-sectional Single-Center Study in Saudi Arabia. Cureus 2020, 12.
[CrossRef]

52. Andréasson, A.; Arborelius, L.; Erlanson-Albertsson, C.; Lekander, M. A putative role for cytokines in the impaired appetite in
depression. Brain. Behav. Immun. 2007, 21, 147–152. [CrossRef]

53. Simmons, W.K.; Burrows, K.; Avery, J.A.; Kerr, K.L.; Taylor, A.; Bodurka, J.; Potter, W.; Teague, T.K.; Drevets, W.C. Appetite
changes reveal depression subgroups with distinct endocrine, metabolic, and immune states. Mol. Psychiatry 2020, 25, 1457–1468.
[CrossRef] [PubMed]

54. Smith, T.W.; Peck, J.R.; Milano, R.A.; Ward, J.R. Cognitive Distortion in Rheumatoid Arthritis: Relation to Depression and
Disability. J. Consult. Clin. Psychol. 1988, 56, 412–416. [CrossRef]

55. Smith, T.W.; O’Keeffe, J.L.; Christensen, A.J. Cognitive Distortion and Depression in Chronic Pain: Association with Diagnosed
Disorders. J. Consult. Clin. Psychol. 1994, 62, 195–198. [CrossRef]

56. Yurica, C.L.; DiTomasso, R.A. Cognitive Distortions. In Encyclopedia of Cognitive Behavior Therapy; Springer: Boston, MA, USA,
2006; pp. 117–122.

57. Jane Brooks, S.; Schiöth, H. Impulsivity and Compulsivity in Anorexia Nervosa: Cognitive Systems Underlying Variation in
Appetite Restraint from an RDoC Perspective. In Anorexia and Bulimia Nervosa; IntechOpen: London, UK, 2019.

58. Chamberlain, S.R.; Sakakian, B.J. The neuropsychology of mood disorders. Curr. Psychiatry Rep. 2006, 8, 458–463. [CrossRef]
59. Evers, A.W.M.; Kraaimaat, F.W.; Van Lankveld, W.; Jongen, P.J.H.; Jacobs, J.W.G.; Bijlsma, J.W.J. Beyond unfavorable thinking:

The illness cognition questionnaire for chronic diseases. J. Consult. Clin. Psychol. 2001, 69, 1026–1036. [CrossRef]
60. Kara, B.; Caglar, K.; Kilic, S. Nonadherence with Diet and Fluid Restrictions and Perceived Social Support in Patients Receiving

Hemodialysis. J. Nurs. Scholarsh. 2007, 39, 243–248. [CrossRef]
61. Kugler, C.; Vlaminck, H.; Haverich, A.; Maes, B. Nonadherence with Diet and Fluid Restrictions Among Adults Having

Hemodialysis. J. Nurs. Scholarsh. 2005, 37, 25–29. [CrossRef]
62. Luis, D.; Zlatkis, K.; Comenge, B.; García, Z.; Navarro, J.F.; Lorenzo, V.; Carrero, J.J. Dietary Quality and Adherence to Dietary

Recommendations in Patients Undergoing Hemodialysis. J. Ren. Nutr. 2016, 26, 190–195. [CrossRef]
63. Clark-Cutaia, M.N.; Ren, D.; Hoffman, L.A.; Burke, L.E.; Sevick, M.A. Adherence to Hemodialysis Dietary Sodium Recommenda-

tions: Influence of Patient Characteristics, Self-Efficacy, and Perceived Barriers. J. Ren. Nutr. 2014, 24, 92–99. [CrossRef]
64. Hofmann, S.G.; Asnaani, A.; Vonk, I.J.J.; Sawyer, A.T.; Fang, A. The efficacy of cognitive behavioral therapy: A review of

meta-analyses. Cognit. Ther. Res. 2012, 36, 427–440. [CrossRef] [PubMed]
65. Sharp, J.; Wild, M.R.; Gumley, A.I.; Deighan, C.J. A cognitive behavioral group approach to enhance adherence to hemodialysis

fluid restrictions: A randomized controlled trial. Am. J. Kidney Dis. 2005, 45, 1046–1057. [CrossRef] [PubMed]
66. Uribarri, J. Phosphorus metabolism and management in chronic kidney disease: Phosphorus Homeostasis in Normal Health

and in Chronic Kidney Disease Patients with Special Emphasis on Dietary Phosphorus Intake. Semin. Dial. 2007, 20, 295–301.
[CrossRef]

67. Noori, N.; Kalantar-Zadeh, K.; Kovesdy, C.P.; Bross, R.; Benner, D.; Kopple, J.D. Association of dietary phosphorus intake and
phosphorus to protein ratio with mortality in hemodialysis patients. Clin. J. Am. Soc. Nephrol. 2010, 5, 683–692. [CrossRef]
[PubMed]

http://doi.org/10.1016/S1051-2276(96)90071-0
http://doi.org/10.2215/CJN.03951106
http://www.ncbi.nlm.nih.gov/pubmed/17942763
http://doi.org/10.1053/j.ajkd.2005.08.006
http://www.ncbi.nlm.nih.gov/pubmed/16253733
http://doi.org/10.1159/000124749
http://www.ncbi.nlm.nih.gov/pubmed/18401193
http://doi.org/10.1681/ASN.2007030345
http://www.ncbi.nlm.nih.gov/pubmed/18003775
http://doi.org/10.1016/S0140-6736(16)30381-6
http://doi.org/10.1053/j.ajkd.2019.02.017
http://doi.org/10.1016/S0193-953X(03)00040-6
http://doi.org/10.1001/archpsyc.57.1.21
http://www.ncbi.nlm.nih.gov/pubmed/10632229
http://doi.org/10.1503/jpn.150205
http://doi.org/10.1016/j.cpr.2009.05.003
http://doi.org/10.7759/cureus.6668
http://doi.org/10.1016/j.bbi.2006.08.002
http://doi.org/10.1038/s41380-018-0093-6
http://www.ncbi.nlm.nih.gov/pubmed/29899546
http://doi.org/10.1037/0022-006X.56.3.412
http://doi.org/10.1037/0022-006X.62.1.195
http://doi.org/10.1007/s11920-006-0051-x
http://doi.org/10.1037/0022-006X.69.6.1026
http://doi.org/10.1111/j.1547-5069.2007.00175.x
http://doi.org/10.1111/j.1547-5069.2005.00009.x
http://doi.org/10.1053/j.jrn.2015.11.004
http://doi.org/10.1053/j.jrn.2013.11.007
http://doi.org/10.1007/s10608-012-9476-1
http://www.ncbi.nlm.nih.gov/pubmed/23459093
http://doi.org/10.1053/j.ajkd.2005.02.032
http://www.ncbi.nlm.nih.gov/pubmed/15957134
http://doi.org/10.1111/j.1525-139X.2007.00309.x
http://doi.org/10.2215/CJN.08601209
http://www.ncbi.nlm.nih.gov/pubmed/20185606


Nutrients 2021, 13, 1371 16 of 16

68. Kalantar-Zadeh, K.; Gutekunst, L.; Mehrotra, R.; Kovesdy, C.P.; Bross, R.; Shinaberger, C.S.; Noori, N.; Hirschberg, R.; Benner, D.;
Nissenson, A.R.; et al. Understanding sources of dietary phosphorus in the treatment of patients with chronic kidney disease.
Clin. J. Am. Soc. Nephrol. 2010, 5, 519–530. [CrossRef]

69. Kaysen, G.A.; Greene, T.; Daugirdas, J.T.; Kimmel, P.L.; Schulman, G.W.; Toto, R.D.; Levin, N.W.; Yan, G. Longitudinal and
Cross-Sectional Effects of C-Reactive Protein, Equilibrated Normalized Protein Catabolic Rate, and Serum Bicarbonate on
Creatinine and Albumin Levels in Dialysis Patients. Am. J. Kidney Dis. 2003, 42, 1200–1211. [CrossRef] [PubMed]

http://doi.org/10.2215/CJN.06080809
http://doi.org/10.1053/j.ajkd.2003.08.021
http://www.ncbi.nlm.nih.gov/pubmed/14655192

	Introduction 
	Materials and Methods 
	Patients and Study Protocol 
	Nutritional Status Evaluation 
	Appetite Assessment 
	Psychological Questionnaires 
	Statistical Analysis 

	Results 
	Appetite Score Validation 
	Exploratory Analysis 
	Confirmatory Analysis 

	Factors Associated with Low Appetite 

	Discussion 
	Conclusions 
	
	References

