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Abstract

Protein energy wasting (PEW) is a major challenge in CKD. Objective: To assess PEW in predialysis
patients on their first visit to a nephrologist. Methods: Three day dietary intake of 484 CKD stage 3
patients was taken. Appetite was assessed with ADAT. Patients were divided into groups based on
appetite and BMI. Results: Male and female parameters are serum albumin 3.7 + 0.84/3.68.8 *
0.81 g/dL, total protein 7.02 * 1.27/6.94 * 1.26 g/dL, creatinine 4.68 + 4.19/3.74 * 3.36 mg%
creatinine clearance 33.22 + 30.48/37.55 + 33.87 ml/minute, BMI 22.60 * 4.29/23.43 % 4.77kg/m?
energy/kg 16.97 * 0.65/16.8 + 0.64, protein g/kg 0.65 * 0.28/0.64 * 0.30, carbohydrate g/kg
2.98 + 1.54/2.98 + 0.1.36, fat g/kg 2.98 + 0.23/2.79 * 0.22, respectively. As appetite decreased, di-
etary protein and energy intake decreased significantly. Appetite in males and females: Average
14.46%, 4.13%, poor 9.7%, 18.18%, anorexic 13.2%, 7.4%. Income had strong correlation with
BMI (p 0.000), dietary protein (p 0.000), energy (p 0.000) and carbohydrate (p 0.000). Appetite
correlated with creatinine (p 0.019), dietary energy, protein, carbohydrate and fat (p 0.000) in-
take. BMI correlated (p 0.000) with fat, carbohydrate, energy and creatinine clearance. ANOVA
showed significant difference within and between appetite groups in energy, protein, fat, carbo-
hydrate, creatinine clearance (p 0.000) and serum albumin (p 0.025). There was significant dif-
ference in protein (p 0.026), energy intake (p 0.000) and creatinine clearance (p 0.038) within and
between BMI groups. Based on income, there was significant difference among groups in BMI (p
0.000), energy (p 0.019), protein (p 0.031) and albumin (0.001).
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1. Introduction

In chronic kidney disease (CKD) progressive decline of glomerular filtration rate (GFR) is associated with sig-
nificant reduction in food intake. Approximately one third of chronic dialysis patients suffer from fair or poor
appetite which is related directly to poor patient outcome [1]-[3].

Appetite regulation in renal disease is a complex network of synergistic and antagonistic interactions among
hormones, peptides, and cytokines which modulate neuro-chemical systems involved in feeding and energy
balance. This is confounded and influenced by other factors such as the dialysis treatment, length of treatment,
the modality of dialysis, age, psycho-social Issues, and co-morbid conditions. Appetite regulation involves play
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of several hormones like ghrelin and neuropeptide Y'Y as an appetite stimulant, and cholecystokinin, glucagon-
like peptide-1 as appetite inhibitors, leptin, a potent appetite inhibitor; the vagal system; and the brain, which in-
tegrates the stimuli in the hypothalamus area. In nondialyzed chronic renal failure patients and in maintenance
dialysis patients, anorexia is related to accumulation of anorexigenic compounds, inflammatory cytokines, and
alterations in appetite regulation, such as amino acid imbalance, which increases the transport of free tryptophan
across the blood-brain barrier thus creating a hyperserotoninergic state which is associated with low appetite.

Treatment of anorexia involves counseling, starting dialysis treatments in uremic chronic kidney disease pa-
tients, increasing the dialysis dose, and possibly using appetite stimulants. However, it is not clear whether and
to what extent a reduced appetite is related to the elements of MICS, especially inflammation, in these persons.
Anorexia may indeed be a key component in the development and maintenance of PEM, inflammation, and
MICS in these patients. An abnormally low appetite per se may be a risk factor in dialysis patients for such un-
favorable outcomes as erythropoietin hyporesponsiveness, poor QoL, and increased mortality and hospitaliza-
tion [4]. In a study on 331 maintenance hemodialysis patients (MHD) patients 62% reported normal (good to
very good) appetite, 38% reported diminished appetite (fair to poor). With this background we conducted a
study using self-reported appetite, body mass index and income as indicators of protein energy wasting (PEW)
in predialysis patients on their first visit to a nephrologist.

2. Methods

This was a prospective, cross sectional and observational study conducted in the out-patient department. A total
of 480 (348 male and 140 female) patients in CKD 3 stage patients were included in the study. Inclusion criteria
were first visit of a CKD patient to a nephrologist referred by non-nephrologist physician. Data were collected
between year 2013 and 2014. Inclusion criteria for selection of patients were: 1) chronic kidney disease (CKD)
patients referred by non-nephrologist physician to a nephrologist; 2) patient was visiting a nephrologist for the
first time; and 3) it was not a follow-up visit. Since patients were referred by a non nephrologist physician
therefore on their first visit, the biochemical tests which were available from medical record were serum creati-
nine, albumin, total protein, calcium, and urinary protein.

Evaluation of dietary intake: Three days dietary intake was taken. Dietary intake was taken with the help of
standard measuring cups and bowls in an interview. The patients were shown bowls (of different capacities) and
cups and were asked to identify the bowl and cup which represented their food intake. Patients were shown por-
tion sizes in order to get as close to their actual dietary intake. Dietary intake was assessed from 3-day diet, in-
terview assisted, recalls administered concurrently with the ADAT. Three days dietary intake was taken by a di-
etician in a structured dietary interview and the response was noted on proformas. Dietary energy, protein, fat,
carbohydrate, calcium and phosphorus intake was analyzed using standard standard National Institute of Nutri-
tion (NIN) Hyderabad table for nutrient values of foods (NIN 1991).

2.1. Measures of Nutritional Status

Subjective assessment of appetite: The Appetite and Diet Assessment Tool (ADAT) [5] was used to determine
appetite on first visit of the patient. Self reported appetite was assessed by using a simple questionnaire. The as-
sessment was done in an interview by a dietician with Appetite and Diet Assessment Tool (ADAT) [4]. The as-
sessment was interview based. The first three ADAT questions were related to appetite. The responses to the
first question—during the past week, how would you rate your appetite—adhered to a 5-point Likert scale: 1)
very good, 2) good, 3) fair, 4) poor and 5) very poor. The second question was if there had been a change in ap-
petite in the past week and the third question was if appetite had increased, remained the same, or decreased [5].
Patients were divided into four groups depending upon self reported appetite: normal, average, poor and anorexic.

Anthropometric measurements included height in centimeters and body weight in kilograms. Patients were
divided into four groups based on body mass index (BMI) [6]. Patients were divided into four groups based on
BMI: normal BMI > 23 kg/m?, overweight BMI > 23 kg/m? < 27 kg/m?, obese BMI > 27 kg/m” and underweight
BMI < 18 kg/m? Blood pressure was recorded.

Results: the biochemical profile of the patients was male and female is given in Table 1. In males and females
serum albumin was 3.7 + 0.84/ 3.68.8 + 0.81 g/dL, total protein 7.02 + 1.27/6.94 + 1.26 g/dL, creatinine 4.68 +
4.19/3.74 + 3.36 mg% creatinine clearance 33.22 + 30.48/37.55 + 33.87 ml/minute respectively. BMI was
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22.60 + 4.29/23.43 + 4.77 kg/m?. Intake of dietary energy/kg/d was 16.97 + 0.65/16.8 + 0.64, protein g/kg/d
0.65 + 0.28/0.64 + 0.30, carbohydrate g/kg/d 2.98 + 1.54/2.98 + 0.1.36, and fat g/kg 2.98 + 0.23/2.79 £ 0.22, for
males and females respectively (Table 2). Urinary protein was 3.64 + 1.37 mg% in males and 3.39 + 11.46 mg%
in females. Dietary intake according to BMI is given in Table 3. Energy intake was less than recommended die-
tary intake (30 - 35 kcal/kg/d). The deficit was 16 - 17 kcals/kg/d but protein intake was according to recom-
mended dietary intake i.e. 6.0 g/kg/d. Out of 480 patients, serum albumin levels of 357 patients were available
254 male 103 female, out of which serum albumin of 161 patients was below 3.8 g/dL and of 196 was above 3.8
g/dL. However, mean serum albumin was less than 3.8 g/dL, a criterion for diagnosing protein energy wasting
(PEW).

Dietary calcium intake was low. However low serum calcium level was within normal range (normal range
8.5 - 10.2 mg/dL)) in males but not in females. Although dietary phosphorus intake was within recommended
intake (800 - 1000 mg/d KDOQI), the serum phosphorus was above normal range: 2.7 - 4.6 mg/dL.

Appetite and dietary intake: 162 (male126 female 36) patients had normal appetite and 325 (male 222, fe-
male103) had average to poor appetite (Table 4). As appetite decreased dietary protein and energy intake de-
creased significantly (Table 3). Out of 480 patients, 0.20% males and 26.2% females reported normal appetite,
14.5% males and 4.16% females reported average appetite, 16.6% males and 9.79% females, and 13.3% males
and 7.5% females were anorexic (Table 4). Income had strong correlation with BMI (p 0.000), dietary protein (p

Table 1. Anthropometric and biochemical profile of males and females.
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M: Male; F: Female; D: Dietary; Cho: Carbohydrate; K: Potassium; Na: Sodium; Ca: Calcium; P: Phosphorus; Creatclear: Creatinine clearance; S: serum.

Table 2. Nutrient intake of males and females.

=)
> O > c c = 2
< o 2 0 T 2 3 L Sz = S =3 Y o E o o
o] ™ @ &= s =< = I < > g g < g
) c S c @ [SRO) ST R=) ] o) [a] o [a]
w ya o a0 F a
12} 12} 3 i 2 T
© o < o : <
N N N @ — N 3 © To) H
© © N o — <t
o H N o =1 b
s + + + + + + + + +
IN] @© © S o~ I ~ @ Q
N = < S o N ~ N o o
— — o ™ o N ~ 9 S
IN — < >
~ ™ ©
© © 3
o o ©
© © @ @ ™ © S + > o
N~ N~ N
o o — S — < © N ™
[ + + + + +l he + od +l +
] N < — o N ™ S w e X
) © - ~ : S 9 S o
© o o
9 X o o N = o ©
N ™ ~

M: Male; F: Female; D: Dietary; Cho: Carbohydrate; K: Potassium; Na: Sodium; Ca: Calcium; P: Phosphorus; Creat clear: Creatinine clearance; S: serum.
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Table 3. Energy and protein intake based on Body Mass Index (BMI).

BMI Normal Underweight Severely Underweight
N% 52.8% 15% 5.71%
Energy Intake kcal/kg 17.2+9.0 17.0+10.0 1591+11.1
Protein Intake g/kg/d 06+0.34 05+04 0.56 £0.44

Table 4. Appetite, protein and energy intake.

Varible/Sex Normal Average Poor Anorexic
N (m/f) 1/126 N(m/f) 70/20 N (m/f) 88/47 N (m/f) 64/36
Protein g/kg /Male 0.79+0.23 0.58+£0.17 0.50 £0.20 0.27+0.17
Protein g/kg /Female 0.79+0.23 0.56 £0.16 0.48 £0.15 0.29+0.20
Energy cal/kg /Male 21.57+7.85 25+3.70 12.36 +4.26 6.92 +4.36
Energy cal/kg /Female 21.19+581 14.67 +3.09 12.79 +3.92 7.25+ 3.95

0.000), energy (p 0.000) and carbohydrate (p 0.000).

2.2. Association of Self-Reported Appetite with Other Parameters

Appetite correlated with creatinine (p 0.019), dietary energy, protein, carbohydrate and fat (p 0.000) intake. BMI
correlated (p 0.000) with fat, carbohydrate, energy and creatinine clearance. Creatinine clearance was positively
associated with energy intake p 0.035, carbohydrate (p 0.004), body weight (p 0.000) and BMI (p 0.000). Anova
showed significant difference within and between appetite groups in energy, protein, fat, carbohydrate, creati-
nine clearance (p 0.000) and serum albumin (p 0.025). There was significant difference in protein (p 0.026)
energy intake (p 0.000) and creatinine clearance (p 0.038) within and between BMI groups.

Association of income with other parameters: Income had strong correlation with BMI (p 0.000), dietary pro-
tein (p 0.000) energy (p 0.000) and carbohydrate (p 0.000). Based on income there was significant difference
between groups in energy (p 0.019), protein (p 0.031), albumin (p 0.001) and BMI (p 0.000).

3. Discussion

PEW is a distinct condition in chronic kidney disease (CKD) patients. It is a major challenge and one of the
strongest predictor of mortality in patients with CKD. PEW is multifactorial. Uremia due to decline in renal
function causes reduced dietary intake, anorexia, inflammation, imbalance between anabolic and catabolic hor-
mones and eventually poor nutritional status. These factors along with chronic infections and comorbid condi-
tions lead to PEW [7].

Serum albumin is used for monitor nutritional status. Hypoalbuminemia may result from reduced protein
and/or calorie intake, uremia, metabolic acidosis, albuminuria, inflammation, or infection. A cross sectional
study on 52 patients demonstrated serum albumin levels < 3.7 g/dL for 3 months [8]. Evidence indicates that
surrogates of PEW, such as, low serum levels of albumin or inadequate protein intake, correlate with mortality.
Measuring the serum levels of albumin remains the simplest test that is readily available. Indeed, a low serum
albumin concentration is by far the strongest predictor of poor outcomes and mortality, at least in patients on di-
alysis, when compared with any other risk factor, including the traditional risk factors (hypertension, hypercho-
lesterolemia, diabetes mellitus, and obesity) and the nonconventional risk factors (measures of anemia, mineral
and bone surrogates, and dialysis modality) [9]. In our study, serum albumin levels were low (mean 3.68 + 0.81
g/dL) indicating PEW. The United States Renal Data System (USRDS) database results have shown that every 1
g/dL fall in the serum albumin level is associated with a 39% increase in the risk of cardiovascular death [10].
The association between serum albumin levels and mortality is highly incremental and linear. Study on 42 MHD
hospitalized patients has shown that mean protein and calorie intakes were 10 kcal/kg and 0.4 g protein/kg and
during the first 48 hrs of hospitalization 14% of patients met estimated kcal needs and only 7% met their protein
needs [11]. PEW sets in during CKD stage 3 or even earlier partially due to inadequate nutritional management
in predialysis phase and becomes clinically evident when GFR is < 15 - 10 ml/min [12]. Our study population
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was in CKD stage 3 and as has been shown in results the dietary energy and protein intake was less than rec-
ommended intake, which was strongly influenced by appetite, income and creatinine clearance.

However, it is still not clear if low serum levels of albumin in patients with CKD are a surrogate of inadequate
protein intake or other conditions related to PEW, such as inflammation and comorbidity [13]. Association of
hypoalbuminemia with poor outcomes in non dialysis and dialysis CKD patients is not disputed. In this study
though protein intake was between 0.6 - 0.75 g/kg/d, serum albumin and energy intake was significantly low
which explained that proteinuria (>3.0 g) inflammation and low energy intake caused hypoalbuminemia. Appe-
tite may be influenced by the elaboration of cytokines and the acute phase response. Since data were collected
on the patient’s first visit to a nephrologist, only basic investigations like serum creatinine, albumin and total
protein were available, and CRP [14] was not available, therefore it could only be assumed that reason for low
serum albumin level was underlying inflammation. ANOVA showed significant difference within and among
appetite groups in energy, protein, fat, carbohydrate, creatinine clearance, and serum albumin (p 0.025). There
was also significant difference in protein (p 0.026), energy intake (p 0.000), and creatinine clearance (p 0.038)
within and between BMI groups.

Poor/very poor appetite was associated with lower dietary energy, protein, carbohydrate and fat (p 0.000) in-
take. BMI correlated (p 0.000) with fat, carbohydrate, energy and creatinine clearance. The dietary energy defi-
cit was 16 - 17 kcals/kg/d but protein intake was according to recommended dietary intake i.e. 6.0 g/kg/d. Die-
tary protein and energy intakes are often reduced in maintenance haemodialysis patients. In this study, we found
that dietary protein intake was below levels recommended by the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative (K/DOQI) Nutrition Guidelines (0.6 g/kg/day) in those with low BMI and average
to poor appetite. Energy intake fell below K/DOQI targets (>30% below K/DOQI recommendations of 30 -
35 kcal/kg/day), particularly among those with poorer appetite. Therefore, more detailed nutritional assessments
are needed in future to help detect PEM.

Diminished appetite was also associated with decreased concentrations of biochemical markers of nutritional
status such as serum albumin and serum creatinine, and with anthropometric markers. Our results confirm and
extend previously published work [15]-[22]. The association of low GFRs with lower levels of nutritional para-
meters is potentially of substantial clinical importance. PEM is a common complication of patients undergoing
maintenance hemodialysis or chronic peritoneal dialysis. The average dietary energy intake in our cohort was
low, 17.0 £ 9.0 kcal/kg/day as their creatinine clearance was 37.5 + 33.8 ml/minute. These data are consistent
with the hypothesis that low energy intakes are a major contributor to PEM in patients with chronic renal failure.
As a corollary, maintenance of higher energy intakes in these individuals may prevent a decline in their nutri-
tional status [23]. The associations of appetite ratings with anthropometric and co-morbidity markers, however,
are new and would seem to suggest that anorexia gave rise to PEM. Sodium plays an important role in blood
pressure control in CKD as a result of alterations in sodium excretion by the kidneys. Blood pressure Less than
140/90 mmHg is important for retarding progression of disease. In this study blood pressure was well controlled
as all the patients were on antihypertensive treatment and dietary sodium intake was <2.4 g/d.

In our study income had strong correlation with BMI (p 0.000), dietary protein (p 0.000), energy (p 0.000)
and carbohydrate (p 0.000). Based on income there was significant difference among groups in energy (p 0.019),
protein (p 0.031), albumin (p 0.001) and BMI (p 0.000).

Very few studies have investigated independent associations between appetite and clinical outcomes. The re-
sults of the study by Kalantar-Zadeh et al. found significant and much larger effects (greater than 2-fold) after
testing for linear mortality effects across four appetite categories (i.e. very good, good, fair, and poor), and
nearly a 5-fold effect after dichotomizing the categories into two groups [i.e. normal (very good and good) and
anorexic (fair and poor)] [4] [15]. However, those results were derived from survival analyses using 25 deaths,
whereas our analyses incorporated 792 deaths. Part of this difference could also be attributed to the much heal-
thier cohort studied by Kalantar-Zadeh et al. as evidenced by their higher quality of life and serum albumin val-
ues. Longevity has consistently been observed in those patients with CKD who have a better nutritional status,
including larger muscle mass, fat mass, better appetite, and higher protein intake [4] [15]. A 10-year cohort
study has shown that serum albumin concentration is far superior as a predictor of 10-year mortality in hemo-
dialysis patients than inflammatory markers (C-reactive protein) or the intima-media thickness of the common
carotid artery [24]. PEW, therefore, seemed to be a strong predictor of mortality in patients with CKD, and im-
proving nutritional status by dietary and non-dietary interventions could be an important step toward improving

the outcomes in CKD [25].
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This study has shown that when oral dietary intake from regular meals cannot maintain adequate nutritional
status, nutritional supplementation should be administered orally, enterally, or parenterally. Nutritional supple-
mentation has been shown to be effective in replenishing protein and energy stores. Appetite stimulants, anti-
inflammatory interventions, and newer anabolic agents are emerging as novel therapies [26]. According to some
hypotheses, cardiac diseases such as heart failure may cause reduced appetite or anorexia and, if sufficiently se-
vere, may independently induce muscle wasting, which is also known as cardiac cachexia [27].

Weakness of the study: This was a one point cross sectional study and patients were not followed up for sub-
sequent changes in nutritional intake. The true effects of the impact of diminished appetite on the variables stu-
died may be underestimated.

Conclusion: As renal function declines, appetite worsens and dietary intake decreases. Energy intake is sig-
nificantly low in all groups. Low income is a risk factor for PEW in CKD. Timely and effective dietary inter-
ventions and nutritional support should correct PEW and improve outcomes in patients with CKD. Nutritional
assessment is important at the time of presentation of patient to a nephrologist, followed by periodical (monthly
or quarterly) assessment improvement or deterioration of existing PEW. Careful dietary intervention advising
high energy oral nutritional supplements should be advised for increasing serum albumin concentration if pro-
tein intake is appropriate.
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