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Abstract: A low-protein diet (LPD) is recommended to patients with non-dialysis advanced chronic
kidney disease (CKD) for delaying renal function decline. However, this approach potentially
prevents an adequate calorie and micronutrient intake. We examined the influence of an LPD
including a renal-specific oral nutrition supplement (RONS) on the nutrition status of patients with
stage 3b–5 CKD. This multicenter, open-label study prospectively enrolled patients over 18 years of
age, with an estimated glomerular filtration rate (eGFR) between 10 and 45 mL/min/1.73 m2, serum
albumin ≥3.0 g/dL, and body mass index ≤30 kg/m2. All participants implemented the LPD with
one serving of RONS daily for 6 months. Daily energy intake, nutrition status, renal function, and
quality of life were assessed before and after the intervention. Of 53 enrolled patients, 35 (66.0%)
completed the study. We found that RONS use increased patients’ energy intake and maintained
their serum albumin, nutritional status, and quality of life. Body weight and handgrip strength
increased significantly at 6 months after enrollment (p = 0.0357); eGFR slightly decreased at 3 and
6 months after enrollment, suggesting that patients’ residual renal function was preserved. Our
findings support the conclusion that patients with non-dialysis advanced CKD may benefit from
additional RONS besides their regular diet. Patients with advanced CKD receiving RONS might
achieve better nutrition and delay renal function decline.

Keywords: serum albumin; renal insufficiency; chronic; nutritional status; dietary supplements; diet;
protein-restricted

1. Introduction

Chronic kidney disease is associated with high morbidity and mortality [1]. Its global
prevalence is estimated at around 13.4%. In Taiwan, the prevalence of CKD lies similarly
at 12%, and about 7% of the entire population suffers CKD from stage 3 to 5 [2]; however,
only 4% of the patients with CKD are aware of this disease, and early-stage CKD is poorly
recognized in Taiwan [2,3]. Promotion of CKD’s disease awareness and delaying renal
function decline require a multidisciplinary approach, including lifestyle modification,
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nutrition intervention, medications, and allocating additional healthcare resources. The
National Health Insurance Administration in Taiwan initiated a comprehensive CKD
shared-care program for those with CKD at stages 3b–5 to slow down disease progression
to end-stage renal disease (ESRD). The Taiwan Society of Nephrology has also established
a committee consisting of nephrologists, nurses, and dieticians to enhance patients’ CKD
education and staff training [4]. Multiple options are available for reducing disease and
socioeconomic burdens among patients with CKD. Among these therapeutic options,
dietary modification can be relatively convenient to decrease patients’ susceptibility to
adverse influences.

In addition to restricting dietary phosphorus, potassium, and fluid intake, the main-
stay of dietary recommendations for the non-dialyzed CKD population includes protein
limitation and the optimization of energy intake [5]. A Cochrane review concluded that
a very-low-protein diet could reduce the risk of renal progression to dialysis among pa-
tients with advanced non-diabetic CKD, since a higher dietary protein intake might be
associated with glomerular hyperfiltration and accelerate glomerular damage [6]. Protein
restriction also reduces nitrogenous waste production and minimizes uremia [7]. On the
other hand, a higher energy intake is required, since patients with early-stage CKD are
found to have an increased catabolism related to inflammation, leading to the develop-
ment of protein–energy wasting (PEW) [8]. Adequate caloric intake can be an important
concurrent treatment in addition to lowering dietary protein. However, LPD for patients
with non-dialysis CKD may offer insufficient calories and induce malnutrition, further
worsening PEW [6]. A recent meta-analysis found that the PEW increased the severity of
CKD [9]. Another study further concluded that oral nutrition supplements might prevent
nutritional status deterioration in patients receiving chronic dialysis [10]; however, little
is known about the influence of oral nutritional supplementation in patients with earlier
stages of CKD or in those with non-dialysis CKD. Huang et al. found that excess protein
or inadequate calorie intake occurred with a lower estimated glomerular filtration rate
(eGFR) in Taiwanese patients with CKD at stages 3 to 5 [11,12]. The need for an increased
energy intake poses a dilemma for patients with advanced CKD who are receiving LPD.
According to a U.S. National Health and Nutrition Examination Survey (NHANES), the
mean protein intake of the general population was higher than the recommended level
of 0.8 g/kg actual body weight per day. A more recent analysis of the NHANES found
that older individuals actually had a lower daily protein intake (<0.8 g/kg/day), likely
due to an overall reduction in nutrient and energy intake associated with ageing [13].
Similarly, Moore et al. discovered a reduction in protein intake with a greater CKD severity
in the U.S. population [14]. These findings support the utility of LPD in managing patients
with CKD, while maintaining sufficient energy intake potentially further benefits patients
with advanced CKD. Therefore, it can be tempting to use a renal-specific oral nutrition
supplement (RONS) as a convenient and effective approach to improve the nutritional
status of patients with advanced CKD.

This study aimed to determine whether a therapeutic strategy consisting of provid-
ing LPD with an additional serving of RONS per day, along with nutrition counseling
performed by registered dieticians, could maintain nutritional status in patients with
non-dialysis stage 3b–5 CKD.

2. Materials and Methods
2.1. Participants and Study Design

This prospective, multicenter, single-arm, and open-label study (NCT02046746) was
performed in accordance with the Declaration of Helsinki and approved by the Institutional
Review Board of Kaohsiung Medical University Chung-Ho Memorial Hospital (approval
number: KMUHIRB-2013-09-04(II)) and by that of Taipei Veterans General Hospital (ap-
proval number: VGHIRB 2014-10-003C). Written informed consent was obtained from all
participants. These patients were enlisted in the Multidisciplinary Pre-ESRD Educational
Program (MPE) established by the National Health Insurance in Taiwan. MPE is a program
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widely established in over 600 healthcare institutions in Taiwan. Patients enrolled in the
MPE were educated and routinely followed up for clinical interviews, laboratory examina-
tions, nutritional assessments, and evaluation of the feasibility of relevant interventions, in
order to prevent CKD progression and the development of CKD-related complications.

Patients were eligible if their age was over 18 years at the screening visit, pro-
vided an informed consent, were male or nonpregnant female, had an eGFR between
10 and 45 mL/min/1.73 m2, a serum albumin level ≥3.0 g/dL, a body mass index (BMI)
≤30 kg/m2, HbA1c ≤9.0% at screening, were willing to follow the protocol, and were not
expected to receive dialysis during the next 18 months. Exclusion criteria included those
with type 1 diabetes mellitus, who presented a malnourished state defined as having a
subjective global assessment (SGA) score between 1 and 3, had known infectious diseases,
prior cardiovascular events, bleeding disorders, gastrointestinal illnesses, overt diabetic
retinopathy or neuropathy, or significant neurological or psychiatric disorder, had been
hospitalized within 3 months prior to enrollment; had elective surgery planned over the
course of the study; had substances abuse including alcohol; consumed substances that
would interfere with the study measures; were allergic to any study product ingredients.

2.2. Sample Size Calculation

The sample size was estimated using albumin data based on findings from the nutri-
tional supplementation group in Montes-Delgado et al.’s study [15], using SAS Release 9.3.
A sample size of 18 participants was obtained. Such number of subjects had 80% power
to detect a difference in mean albumin (−0.661 mg/dL) from baseline to the 6th month
based on a standard deviation (SD) of differences (±1.071 mg/dL). The calculation was
performed by paired t-test with one-sided significance level of p < 0.05.

2.3. Nutrition Intervention

All participants received standard care provided by multi-disciplinary teams at the
participating institutes. During the 6-month period of the intervention, all participants were
counseled by registered dieticians at baseline, 3rd month, and 6th month. The dieticians
assisted all participants in maintaining an LPD in conjunction with one serving of RONS
(Abbott Suplena®/Nepro LP®, Abbott Nutrition, Taipei, Taiwan: 425 kcal, 11 g protein,
23 g fat, 46 g carbohydrate, vitamins, and minerals). Dietary principles for the LPD included
avoiding foods rich in sodium, phosphorus, and potassium. The individualized conditions
of each participant were taken into consideration to establish daily energy and protein
intake targets. Portion control of food groups was individualized for each participant to
meet protein and energy intake targets. Anthropometric measurements, laboratory tests,
dietary evaluation, appetite assessment, and handgrip strength were performed at baseline,
3rd month, and 6th month after enrollment. Quality of life (QoL) was assessed at baseline
and at the 6th month. To assess participants’ adherence to RONS consumption, they were
requested to consume ≥75% of the prescribed servings.

2.4. Anthropometric Measurements

Body composition parameters including total body protein, skeletal muscle mass,
fat-free mass, total body fat mass, and body fat were analyzed by bioelectrical impedance
(Inbody 220, Seoul, Korea). Handgrip strength was measured with a hand-held dynamome-
ter. The placement of the dynamometer was standardized by adjusting the distal interpha-
langeal joints of the finger to just below the handle, with the arm adducted and the elbow
at flexed at 90◦. The final strength was defined as the average of three measurements.

2.5. Laboratory Tests

A fasting blood sample was drawn from a superficial arm vein and analyzed for
the following items: albumin, total cholesterol, triglycerides, low-density lipoprotein
(LDL)–cholesterol, serum glucose, HbA1c, blood urea nitrogen (BUN), uric acid, creatinine,
sodium, potassium, phosphorous, calcium, high-sensitivity C-reactive protein (CRP), home-
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ostatic model assessment for insulin resistance (HOMA-IR, calculated as fasting glucose
[mg/dL] × fasting insulin [µU/mL]/405). All biochemical measurements were analyzed
by the Department of Medical Technology at the Kaohsiung Medical University Chung-Ho
Memorial Hospital.

2.6. Nutrition-Related Parameters

Prior to each hospital clinic visit, the participants were instructed by the dieticians
to record in a food diary all foods and beverages consumed in three days, including two
weekdays and one weekend day, for nutrient intake assessment. Using the food diaries, the
hospital dieticians evaluated the average intakes of total energy (kcal/day, kcal/kg/day)
and protein (g/day, g/kg/day). All participants were scheduled to meet with the dietician
at baseline, 3rd month, and 6th month to strengthen and encourage their adherence to the
study protocol. Compliance to dietary energy intake (DEI) and dietary protein intake (DPI)
was assessed and recorded by the dieticians.

2.7. Quality of Life

QoL was evaluated using World Health Organization Quality of Life-BREF (WHOQOL-
BREF Taiwan Version) [16]. The WHOQOL-BREF instrument comprises 26 items, which
measure the following broad domains: physical health, psychological health, social rela-
tionships, and environment.

2.8. Statistical Analysis

Both evaluable and intention-to-treat (ITT, defined as participants who consumed at
least one study product per day) analyses were performed. Continuous variables were ana-
lyzed using parametric analyses unless the variable significantly deviated from the normal
distribution, in which case suitable nonparametric analyses were used. The residuals from
the parametric were used to check for deviation from the normal distribution. A variable
was declared non-normal if the Shapiro–Wilk test p-value was <0.001. Categorical variables
were analyzed using tests of association. The primary outcome of interest was changes in
serum biochemistry, nutritional status, and quality of life from baseline to the 3rd and the
6th month, and these results were compared between different time points using Student’s
t-test. All data are presented as mean ± SD unless otherwise indicated. Statistical analyses
were performed using SAS version 9.4. The analysis of covariance model was fitted for the
variables’ change from baseline to the 3rd month and from baseline to the 6th month for
comparison between the non-diabetic and the diabetic groups with baseline as a covariate.
For changes from the 3rd month to the 6th month, the analysis of variance model was fitted.
When the data were not normal, a two-sample two-sided Wilcoxon rank-sum test was used
to compare the groups.

3. Results

There were 53 eligible participants initially recruited. Of these, eight participants
never consumed the RONS within the one-month period. During the 6-month interven-
tion, 10 participants consumed less than 75% of RONS and were excluded. A total of
35 participants completed the study and all assessments. Figure 1 illustrates the track-
ing information based on extensions to the Consolidated Standards of Reporting Trials
(CONSORT) Statement for nonpharmacological studies [17].
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Figure 1. CONSORT flow diagram.

The study biochemical data are shown in in Table 1. No significant changes in serum
albumin were observed in this study. Compared to baseline, serum creatinine increased,
and eGFR decreased significantly at the 3rd and 6th months. Diabetic patients showed
insignificant changes in eGFR; however, there was an increasing trend in eGFR in the
last half of the study. For non-diabetic patients, eGFR decreased significantly at the 6th
month. Additionally, HbA1c and HOMA-IR increased significantly, while LDL decreased
significantly at the 6th month. Other metabolic parameters did not significantly differ at
either the 3rd or the 6th month.

Table 1. Biochemical parameters at the three study time points for patients with CKD Stage 3b–5 receiving a renal-specific
oral nutrition supplement (RONS).

Baseline
(n = 35)

3rd Month
(n = 35) p-Value ‡ 6th Month

(n = 35) p-Value §

Blood chemistry
Albumin (g/dL) 4.13 ± 0.31 (4.10) 4.12 ± 0.32 (4.10) 0.429 4.12 ± 0.32 (4.10) 0.407

Blood urea nitrogen
(mg/dL) 34.49 ± 12.58 (32.00) 35.83 ± 11.80 (37.00) 0.245 34.94 ± 12.67 (34.00) 0.749

Creatinine (mg/dL) 2.34 ± 0.76 (2.20) 2.45 ± 0.81 (2.30) 0.037 * 2.51 ± 0.96 (2.30) 0.016 *,†

eGFR (ml/min/1.73 m2) 27.77 ± 10.02 (28.00) 26.40 ± 9.54 (25.00) 0.044 * 26.11 ± 9.97 (26.00) 0.031 *
Nondiabetic group (n = 26) 25.69 ± 10.12 (25.00) 24.50 ± 9.73 (21.50) 0.161 24.00 ± 9.84 (23.00) 0.042 *

Diabetic group (n = 5) 33.78 ± 7.24 (33.00) 31.89 ± 6.75 (32.00) 0.092 32.22 ± 7.98 (32.00) 0.403
Uric acid (mg/dL) 6.52 ± 1.62 (6.20) 6.39 ± 1.56 (6.30) 0.277 6.50 ± 1.61 (6.30) 0.931

HbA1c (%) 5.77 ± 0.75 (5.60) 5.87 ± 0.70 (5.70) 0.079 5.91 ± 0.78 (5.70) 0.021 *,†

Glucose (mg/dL) 103.46 ± 25.06 (99.00) 100.54 ± 12.76 (102.00) 0.627 † 103.54 ± 24.68 (103.00) 0.107 †

Insulin (µIU/mL) 6.55 ± 4.61 (5.40) 8.77 ± 10.20 (5.70) 0.311 † 8.63 ± 10.83 (6.00) 0.119 †

HOMA-IR 1.74 ± 1.46 (1.25) 2.05 ± 2.32 (1.35) 0.563 † 2.51 ± 4.49 (1.61) 0.023 *,†

Cholesterol (mg/dL) 190.74 ± 36.20 (191.00) 180.43 ± 40.93 (173.00) 0.187 180.77 ± 48.69 (176.00) 0.203
Triglycerides (mg/dL) 124.69 ± 55.65 (116.00) 136.00 ± 77.36 (110.00) 0.182 146.43 ± 99.64 (133.00) 0.098 †

LDL (mg/dL) 108.74 ± 28.46 (109.00) 98.09 ± 30.68 (88.00) 0.072 95.57 ± 36.37 (89.00) 0.026 *
Sodium (mmol/L) 140.77 ± 2.56 (141.00) 140.54 ± 2.31 (141.00) 0.481 140.29 ± 2.70 (141.00) 0.155

Potassium (mmol/L) 4.38 ± 0.58 (4.30) 4.43 ± 0.49 (4.40) 0.382 4.42 ± 0.65 (4.40) 0.583
Calcium (mg/dL) 9.26 ± 0.33 (9.20) 9.21 ± 0.38 (9.20) 0.362 9.18 ± 0.41 (9.20) 0.205

Phosphorus (mg/dL) 3.85 ± 0.67 (3.70) 3.84 ± 0.68 (3.70) 0.943 3.95 ± 0.67 (4.00) 0.148
CRP (mg/L) 1.13 ± 1.43 (0.50) 2.22 ± 4.23 (0.50) 0.099 2.12 ± 4.09 (0.50) 0.166 †

eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance;
LDL, low-density lipoprotein; CRP, C-reactive protein. Data are presented as mean ± SD (median). † Signed-Rank Test was used after the
Shapiro–Wilk test as the data did not follow a normal distribution. ‡ p-value of change from baseline to the 3rd month. § p-value of change
from baseline to the 6th month. * Statistical significance (p < 0.05).

The nutritional and anthropometric profiles are reported in Table 2. Daily energy
intakes were significantly elevated at the 3rd and 6th months (+183.35 ± 209.47 kcal/day,
p < 0.0001 at 3rd month; +188.98 ± 225.21 kcal/day, p < 0.0001 at the 6th month). Protein
intakes showed an insignificant change compared to baseline. The mean body weight
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and BMI were significantly increased at the 3rd and 6th months. Total body mineral and
total body fat mass were significantly elevated at the 6th month. Handgrip strength was
significantly improved at both time points, while the QoL scores (total or domain-related)
were maintained (data not shown).

Table 2. Nutritional and anthropometric parameters of the for patients with CKD Stage 3b–5 receiving a renal-specific oral
nutrition supplement (RONS).

Baseline
(n = 35)

3rd Month
(n = 35) p-Value ‡ 6th Month

(n = 35) p-Value §

Nutritional status and
intakes

Body weight (kg) 61.67 ± 11.35 (63.30) 62.76 ± 10.93 (64.75) < 0.001 * 62.98 ± 10.85 (65.00) < 0.001 *
Body Mass Index (kg/m2) 23.58 ± 3.43 (24.02) 24.01 ± 3.27 (24.84) < 0.001 * 24.10 ± 3.26 (24.55) < 0.001 *

Daily energy intake
(kcal/d)

1470.77 ± 330.69
(1486.67)

1654.12 ± 251.59
(1630.00) < 0.001 * 1659.75 ± 245.40

(1595.67) < 0.001 *

Total energy intake
(kcal/kg/d) 24.14 ± 5.11 (24.35) 26.81 ± 4.68 (26.78) < 0.001 * 26.82 ± 4.79 (25.98) < 0.001 *

Total protein intake (g/d) 47.98 ± 12.81 (48.33) 49.90 ± 11.64 (48.10) 0.277 50.79 ± 11.63 (48.60) 0.140
Total protein intake

(g/kg/d) 0.78 ± 0.19 (0.81) 0.80 ± 0.16 (0.80) 0.612 0.81 ± 0.18 (0.77) 0.358

Body composition and
handgrip strength

Total body protein (kg) 8.67 ± 1.54 (8.10) 8.76 ± 2.01 (8.50) 0.801 † 8.76 ± 1.76 (8.55) 0.379 †

Total body mineral (kg) 2.95 ± 0.51 (2.88) 2.98 ± 0.60 (2.87) 0.230 † 3.02 ± 0.52 (2.98) 0.005 *
Skeletal muscle mass (kg) 24.12 ± 4.65 (22.50) 24.41 ± 6.02 (23.70) 0.586 † 24.99 ± 6.33 (23.80) 0.216 †

Fat-free mass (%) 62.19 ± 15.78 (64.30) 60.24 ± 17.10 (61.60) 0.682 † 58.99 ± 17.64 (61.85) 0.854 †

Total body fat mass (kg) 16.93 ± 7.16 (17.70) 17.58 ± 6.84 (17.10) 0.070 † 18.09 ± 6.56 (18.00) 0.011 *,†

Body fat (%) 27.47 ± 10.77 (28.10) 28.71 ± 12.59 (26.60) 0.175 † 28.39 ± 11.10 (26.65) 0.707 †

Handgrip strength (kg) 26.97 ± 7.71 (27.50) 27.54 ± 7.54 (27.32) 0.038 * 28.00 ± 7.87 (28.50) 0.036 *,†

eGFR, estimated glomerular filtration rate. Data are presented as mean ± SD (median). † Signed-Rank Test was used after the Shapiro–Wilk
test as the data did not follow a normal distribution. ‡ p-value of change from baseline to the 3rd month. § p-value of change from baseline
to the 6th month. * Statistical significance (p < 0.05).

Table 3 describes the changes in the inter-group differences of glycemia-related data
stratified by diabetes status. The changes of the glycemic-related data were not significantly
different between diabetic and non-diabetic patients at the 3rd or 6th month, except for
fasting blood glucose. Changes in fasting blood glucose at the 6th month were significantly
higher for diabetic patients.

Table 3. Glycemia-related data at each study time point for the nondiabetic group compared to the diabetic group.

Baseline 3rd Month p-Value ‡ 6th Month p-Value § p-Value ¶

Nondiabetic
(n = 26)

Diabetic
(n = 9)

Nondiabetic
(n = 26)

Diabetic
(n = 9)

Nondiabetic
(n = 26)

Diabetic
(n = 9)

Glucose
(mg/dL)

99.42 ±
8.86 (99.50)

115.11 ±
47.10

(96.00)

99.27 ±
10.50

(101.50)

104.22 ±
18.07

(110.00)
0.408

96.46 ±
20.96

(102.00)

124.00 ±
24.14

(120.00)
0.820 0.012 *

HOMA-IR 1.50 ± 1.13
(1.19)

2.44 ± 2.10
(1.64)

1.73 ± 1.40
(1.37)

2.95 ± 3.89
(1.28) 0.549 1.69 ± 1.23

(1.48)
4.90 ± 8.49

(1.76) 0.128 † 0.092

HbA1c (%) 5.48 ± 0.23
(5.50)

6.62 ± 1.08
(6.40)

5.60 ± 0.30
(5.60)

6.63 ± 0.94
(6.60) 0.408 5.63 ± 0.42

(5.55)
6.73 ± 1.02

(6.60) 0.649 0.985 †

Insulin
(µIU/mL)

5.93 ± 4.10
(5.05)

8.34 ± 5.73
(6.90)

7.45 ± 5.77
(5.85)

12.59 ±
17.78 (4.70) 0.162 6.89 ± 4.49

(6.00)
13.67 ±

19.92 (6.00) 0.327 0.365

Data are presented as mean ± SD (median). The analysis of covariance model was fitted for the variables’ change from baseline to the 3rd
month and from baseline to the 6th month for comparison between the diabetic and the non-diabetic groups with baseline as a covariate.
For change from the 3rd month to 6th month, the analysis of variance model was fitted. When the data were not normal, the two-sample
two-sided Wilcoxon rank sum test was used to compare the groups. † Signed-Rank Test was used after the Shapiro–Wilk test as the data did
not follow a normal distribution ‡ Difference in changes of values between the nondiabetic and the diabetic groups at baseline versus the
3rd month. § Difference in changes of values between the nondiabetic and the diabetic groups at the 3rd month versus baseline. ¶ Difference
in changes of values between the nondiabetic and diabetes groups at the 6th month versus baseline. * Statistical significance (p < 0.05).
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4. Discussion

In this study, we tested whether a RONS in addition to an LPD prescription for
patients with CKD at stage 3b to 5 could maintained their nutritional status and quality of
life, using a before–after design. Although the case number was modest, our pilot study
showed that incorporating a RONS to the regimen of an LPD significantly improved energy
intake and maintained the nutritional status of patients with stage 3b–5 CKD. We observed
no change in serum albumin, which was a positive finding, and significant increases in
body weight and handgrip strength among the study participants, suggesting that our
approach of dietary supplementation might preserve or improve CKD patients’ nutritional
status. These findings lend support to the notion that a nutritional intervention may benefit
CKD patients requiring dialysis and even those not requiring it and that such approach
potentially enhances CKD patients’ quality of life.

Findings from prior meta-analyses identified that oral nutrition supplements (ONS)
might improve the nutritional status and potentially reduce complications in patients
under chronic dialysis [10,18]. RONS, with a specific focus on reducing sodium, phos-
phorus, and potassium content relative to conventional ONS, have also been shown to
restore dialysis patients’ serum albumin, increase their dry weight, and potentially lower
inflammation [19]. The correction of malnutrition is presumed to attenuate dialysis pa-
tients’ risk of protein–energy wasting (PEW), potentially prolonging their survival and
decreasing the healthcare burden [20]. Indeed, a recent Cochrane meta-analysis concluded
that ONS increased dialysis patients’ serum pre-albumin, albumin, and anthropometric
parameters, especially in those who were malnourished, although a mortality benefit was
inconsistent [21]. On the other hand, among non-dialysis patients with CKD, evidence
regarding the effect of combining LPD with renal-specific ONS on their outcomes remains
limited [15,22,23]. A prior study recruiting 33 patients with variable CKD severities receiv-
ing an in-house RONS for replacing inter-meal snacks found patients’ weight increased
significantly, with unaltered serum albumin and renal function [23]. Another short-term
one-week intervention study reported that the administration of one type of RONS for re-
placing 30% daily energy improved energy intake without disturbing electrolyte/acid-base
balances or compromising renal function among patients with stages 3 to 4 non-diabetic
CKD [22]. Montes Delgado et al. found that 6 months of RONS use in patients with CKD
already receiving LPD improved their adherence to the LPD prescription, better main-
tained patients’ nutritional status, and preserved their renal function compared to those not
receiving RONS [15]. It is worth noteing that RONS use in patients with non-dialysis CKD
potentially brings advantages similar to those in patients under chronic dialysis, including
albumin restoration and nutritional parameter maintenance. Moreover, the above findings
further suggested that RONS might obviate barriers to the continuous implementation of
LPD through complication reduction and sharpening adherence. Our findings further add
to the current evidence by showing that RONS may enhance muscular performance (better
hand grip strength) and decrease body fat without causing electrolyte imbalances or in-
creasing inflammation severity among non-dialysis patients with CKD (Tables 1 and 2). As
sarcopenia and frailty have been found to coexist with poor appetite and taste dysfunction
in patients with CKD [24,25], it is expected that the administration of RONS to those with
non-dialysis CKD and sarcopenia/frailty may prevent their further nutritional worsening
and potentially improve outcomes.

In patients with advanced CKD, achieving optimal energy intake is also an important
task. In this study, registered dieticians recommended a daily 1695 kcal and 45 g protein
intake to the participants, and the actual energy intake increased from 1471 to 1660 kcal/day
under the dieticians’ supervision. Protein intake presumably did not increase significantly
during the study period compared to that at baseline, as reflected by the stable serum
albumin level. In addition, participants’ energy intake conformed to the Kidney Disease
Outcomes Quality Initiative (KDOQI) guideline recommendations [5]. However, at the
end of this study (6th month), we observed slightly decreased eGFR levels compared to
the baseline values. Possible explanations for this phenomenon include dietary changes,
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an increased skeletal muscle mass among the participants, and/or the progression of
CKD severity. After further analyses, we discovered that the rate of eGFR decline was
lower between the 3rd and the 6th month (26.40 to 26.11 mL/min/1.73 m2) than between
baseline and the 3rd month (27.77 to 26.40 mL/min/1.73 m2). In the Modification of Diet
in Renal Disease (MDRD) study, the average rate of decline of GFR was 3.8 mL/min/year
among patients with baseline GFRs from 25 to 55 mL/min/1.73 m2 [26]. Kalantar-Zadeh
and Foque previously revealed that a reduction in protein intake could reduce afferent
arteriole perfusion pressure and intraglomerular pressure, limiting the reduction in GFR;
meanwhile, the amelioration of interstitial fibrosis could further lessen kidney damage [27].
In this study, serum creatinine increased slightly by 0.10 ± 0.28 mg/dL from baseline to
the 3rd month and by 0.07 ± 0.31 mg/dL from the 3rd month to the 6th month, among the
35 patients with stages 3b–5 CKD. We believe that it is more likely the different participants’
CKD stages and the increase in skeletal muscle mass, although not statistically significant,
contributed to the observed elevation of creatinine level. Moreover, an initial reduction
in eGFR may be translated into long-term renal function benefits, according to long-
term results involving eGFR trajectories among CKD patients receiving renin–angiotensin
system blockers [28].

Our results also showed that the handgrip strength significantly increased at both the
3rd and the 6th month and the values were higher than the cutoff value defined by the Asian
Working Group for Sarcopenia (muscle mass < 26 kg in men and <18 kg in women) [29].
Handgrip strength, a prognostic marker in Taiwanese patients with non-dialysis CKD [30],
also increased significantly during our study. These data suggest that prescribing an
LPD with RONS can assist in satisfying the nutritional requirement among patients with
non-dialysis CKD by providing additional calories and nutrients and preventing protein
catabolism, followed by less muscle mass loss.

We found a significant increase in HOMA-IR and HbA1c at the 6th month compared
to baseline, although the glucose or insulin levels did not significantly increase. Differences
in changes involving glucose, but not HOMA-IR, from baseline, were significant between
patients with and without diabetes mellitus. Insulin resistance is common in patients
with CKD and is closely linked to increased inflammation [31]. Insulin levels frequently
fluctuate in patients with CKD [32]. Nonetheless, fluctuations in insulin levels among our
study participants might not be significant enough to influence their clinical outcomes.
Besides, mean HbA1c significantly increased at the 6th month among all participants
including the non-diabetic ones. Although it is possible that the presence of CKD increased
participants’ HbA1c levels slightly [31,33], the minor changes in HbA1c levels in this study
and their interpretation may not be clinically important, since multiple factors may affect
the results of the HbA1c assay [34]. Nonetheless, how to optimally manage blood glucose
in patients with CKD is a challenging issue, and the quality of dietary carbohydrate remains
a critical element in nutritional education and related interventions. Since we used a RONS
containing carbohydrates with a low glycemic index in this study, we believe that RONS
might not interfere with glycemic control in patients with non-dialysis CKD.

Interestingly, we showed that the administration of RONS to patients with non-
dialysis CKD rendered their QoL stationary. Frequently, QoL decreases as the severity
of CKD rises [35,36], albeit study results can be heterogenous [37]. These discrepancies
in reported findings may stem from the tools used, the etiology of CKD, the degree of
patient’s adherence to their prescriptions of RONS, etc. In this study, we suggest that our
dieticians might have exerted a positive influence on the patients through educating them
and their caregivers about the benefits of LPD as well as of RONS. Such indirect influence
might increase patients’ adherence to a trial regimen and enhance the effect of RONS.

Our study has its strengths and limitations. A major limitation of this study is its lack of
a control group and the relatively small sample size for a single-arm study. However, given
the meager evidence addressing the utility of RONS use in patients with non-dialysis stages
3b–5 CKD, our pilot and proof-of-concept study is expected to partly answer the question
whether RONS influence nutritional endpoints and quality of life in these patients. For
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patients with CKD already receiving multidisciplinary care including a regular dietician
input, the addition of RONS to the existing nutritional care regimen helps them meet
their goals of adequate energy and protein intake. Potential benefits include a healthier
body weight, greater muscle mass, and greater handgrip strength, while maintaining
nutritional status and serum albumin levels. On the contrary, such measure should be
closely monitored, in order to detect occult progression of CKD severity. A comprehensive
CKD care strategy must be undertaken to reduce the socio-economic burdens patients
already sustain. Based on our findings, we suggest that RONS may serve as an alternative
dietary supplementation option for patients with advanced CKD. A controlled, large-scale,
prospective study including patients with early or non-dialysis CKD may be needed to
validate our results and to determine whether an LPD with RONS truly benefits patients
with an earlier stage of CKD.

5. Conclusions

In conclusion, our results support the conclusion that patients with non-dialysis ad-
vanced CKD (stages 3b–5) already receiving multi-disciplinary pre-dialysis care may benefit
from additional RONS besides their regular diet. Assisted by dieticians for promoting
patients’ adherence to LPD, patients with advanced CKD receiving RONS might achieve
better nutrition without accelerated renal function decline. Larger trials including patients
with earlier CKD are required for verification.

Author Contributions: Conceptualization, O.J.K., S.-J.H., and M.-C.H.; methodology, O.J.K., S.-J.H.,
and M.-C.H.; formal analysis, M.Y.; writing—original draft preparation, O.J.K.; writing—review and
editing, S.-J.H., M.-C.H., C.-C.L., T.-Y.T., H.-Y.L., M.Y.-H.W., R.W.-Y.C.; funding acquisition, S.-J.H.,
M.-C.H., C.-C.L., T.-Y.T., and H.-Y.L. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by Abbott Nutrition, Taiwan.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Kaohsiung Medical
University Chung-Ho Memorial Hospital (approval number: KMUHIRB-2013-09-04(II)) and by that
of Taipei Veterans General Hospital (approval number: VGHIRB 2014-10-003C).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data shown in this study are available on request from the corre-
sponding author.

Acknowledgments: The authors thank Formosa Biomedical Technology Corporation CRO Division
for the editorial work.

Conflicts of Interest: The authors M.-C.H., H.-Y.L., C.-C.L., T.-Y.T., and S.-J.H. declare no conflict
of interest. M.Y is an employee of Cognizant Technologies Solution Pvt. Ltd., a Contract Research
Organization, which provides statistical services to Abbott Nutrition. O.J.K., R.W.-Y.C., and M.Y.-H.W.
are employees of Abbott Nutrition.

Abbreviations

BMI Body Mass Index
BUN Blood Urea Nitrogen
CKD Chronic Kidney Disease
CRP C-reactive protein
DEI Dietary Energy Intake
DPI Dietary Protein Intake
eGFR estimated Glomerular Filtration Rate
HbA1c glycated Hemoglobin



J. Pers. Med. 2021, 11, 1360 10 of 11

HOMA-IR Homeostatic Model Assessment for Insulin Resistance
ITT Intention-To-Treat
KDOQI Kidney Disease Outcomes Quality Initiative
LDL Low-Density Lipoprotein
LPD Low-Protein Diet
MDRD Modification of Diet in Renal Disease
MPE Multidisciplinary Pre-ESRD Educational Program
NHANES National Health and Nutrition Examination Survey
ONS Oral Nutrition Supplements
PEW Protein–Energy Wasting
RONS Renal-Specific Oral Nutrition Supplement
QoL Quality of Life
SD Standard Deviation
SGA Subjective Global Assessment

References
1. Hill, N.R.; Fatoba, S.T.; Oke, J.L.; Hirst, J.A.; O’Callaghan, C.A.; Lasserson, D.S.; Hobbs, F.D. Global prevalence of chronic kidney

disease—A systematic review and meta-analysis. PLoS ONE 2016, 11, e0158765. [CrossRef] [PubMed]
2. Wen, C.P.; Cheng, T.Y.; Tsai, M.K.; Chang, Y.C.; Chan, H.T.; Tsai, S.P.; Chiang, P.H.; Hsu, C.C.; Sung, P.K.; Hsu, Y.H.; et al. All-cause

mortality attributable to chronic kidney disease: A prospective cohort study based on 462,293 adults in Taiwan. Lancet 2008, 371,
2173–2182. [CrossRef]

3. Hwang, S.J.; Tsai, J.C.; Chen, H.C. Epidemiology, impact and preventive care of chronic kidney disease in Taiwan. Nephrology
2010, 15 (Suppl. 2), 3–9. [CrossRef]

4. Wu, M.Y.; Wu, M.S. Taiwan renal care system: A learning health-care system. Nephrology 2018, 23 (Suppl. 4), 112–115. [CrossRef]
[PubMed]

5. Ikizler, T.A.; Burrowes, J.D.; Byham-Gray, L.D.; Campbell, K.L.; Carrero, J.J.; Chan, W.; Fouque, D.; Friedman, A.N.; Ghaddar, S.;
Goldstein-Fuchs, D.J.; et al. KDOQI clinical practice guideline for nutrition in CKD: 2020 update. Am. J. Kidney Dis. 2020, 76,
S1–S107. [CrossRef]

6. Ko, G.J.; Obi, Y.; Tortorici, A.R.; Kalantar-Zadeh, K. Dietary protein intake and chronic kidney disease. Curr. Opin. Clin. Nutr.
Metab. Care 2017, 20, 77–85. [CrossRef]

7. Fouque, D.; Laville, M. Low protein diets for chronic kidney disease in non diabetic adults. Cochrane Database Syst. Rev. 2009,
CD001892. [CrossRef]

8. Kovesdy, C.P.; Kopple, J.D.; Kalantar-Zadeh, K. Management of protein-energy wasting in non-dialysis-dependent chronic kidney
disease: Reconciling low protein intake with nutritional therapy. Am. J. Clin. Nutr. 2013, 97, 1163–1177. [CrossRef]

9. Carrero, J.J.; Thomas, F.; Nagy, K.; Arogundade, F.; Avesani, C.M.; Chan, M.; Chmielewski, M.; Cordeiro, A.C.; Espinosa-Cuevas,
A.; Fiaccadori, E.; et al. Global prevalence of protein-energy wasting in kidney disease: A meta-analysis of contemporary
observational studies from the international society of renal nutrition and metabolism. J. Ren. Nutr. 2018, 28, 380–392. [CrossRef]

10. Liu, P.J.; Ma, F.; Wang, Q.Y.; He, S.L. The effects of oral nutritional supplements in patients with maintenance dialysis therapy: A
systematic review and meta-analysis of randomized clinical trials. PLoS ONE 2018, 13, e0203706. [CrossRef]

11. Huang, M.C.; Chen, M.E.; Hung, H.C.; Chen, H.C.; Chang, W.T.; Lee, C.H.; Wu, Y.Y.; Chiang, H.C.; Hwang, S.J. Inadequate energy
and excess protein intakes may be associated with worsening renal function in chronic kidney disease. J. Ren. Nutr. 2008, 18,
187–194. [CrossRef]

12. Chen, M.E.; Hwang, S.J.; Chen, H.C.; Hung, C.C.; Hung, H.C.; Liu, S.C.; Wu, T.J.; Huang, M.C. Correlations of dietary energy and
protein intakes with renal function impairment in chronic kidney disease patients with or without diabetes. Kaohsiung J. Med. Sci.
2017, 33, 252–259. [CrossRef] [PubMed]

13. Krok-Schoen, J.L.; Archdeacon Price, A.; Luo, M.; Kelly, O.J.; Taylor, C.A. Low dietary protein intakes and associated dietary
patterns and functional limitations in an aging population: A NHANES analysis. J. Nutr. Health Aging 2019, 23, 338–347.
[CrossRef]

14. Moore, L.W.; Byham-Gray, L.D.; Scott Parrott, J.; Rigassio-Radler, D.; Mandayam, S.; Jones, S.L.; Mitch, W.E.; Osama Gaber, A.
The mean dietary protein intake at different stages of chronic kidney disease is higher than current guidelines. Kidney Int. 2013,
83, 724–732. [CrossRef] [PubMed]

15. Montes-Delgado, R.; Guerrero Riscos, M.A.; Garcia-Luna, P.P.; Martin Herrera, C.; Pereira Cunill, J.L.; Garrido Vazquez, M.;
Lopez Munoz, I.; Suarez Garcia, M.J.; Martin-Espejo, J.L.; Soler Junco, M.L.; et al. Treatment with low-protein diet and caloric
supplements in patients with chronic kidney failure in predialysis. Comparative study. Rev. Clin. Esp. 1998, 198, 580–586.

16. Lin, M.-R. The WHOQOL-Taiwan Group: Introduction to the development of the WHOQOL-Taiwan version. Chin. Public Health
2000, 19, 315–324.

17. Boutron, I.; Moher, D.; Altman, D.G.; Schulz, K.F.; Ravaud, P.; Group, C. Extending the CONSORT statement to randomized trials
of nonpharmacologic treatment: Explanation and elaboration. Ann. Intern. Med. 2008, 148, 295–309. [CrossRef]

http://doi.org/10.1371/journal.pone.0158765
http://www.ncbi.nlm.nih.gov/pubmed/27383068
http://doi.org/10.1016/S0140-6736(08)60952-6
http://doi.org/10.1111/j.1440-1797.2010.01304.x
http://doi.org/10.1111/nep.13460
http://www.ncbi.nlm.nih.gov/pubmed/30298659
http://doi.org/10.1053/j.ajkd.2020.05.006
http://doi.org/10.1097/MCO.0000000000000342
http://doi.org/10.1002/14651858.CD001892.pub3
http://doi.org/10.3945/ajcn.112.036418
http://doi.org/10.1053/j.jrn.2018.08.006
http://doi.org/10.1371/journal.pone.0203706
http://doi.org/10.1053/j.jrn.2007.08.003
http://doi.org/10.1016/j.kjms.2017.03.002
http://www.ncbi.nlm.nih.gov/pubmed/28433072
http://doi.org/10.1007/s12603-019-1174-1
http://doi.org/10.1038/ki.2012.420
http://www.ncbi.nlm.nih.gov/pubmed/23302719
http://doi.org/10.7326/0003-4819-148-4-200802190-00008


J. Pers. Med. 2021, 11, 1360 11 of 11

18. Stratton, R.J.; Bircher, G.; Fouque, D.; Stenvinkel, P.; de Mutsert, R.; Engfer, M.; Elia, M. Multinutrient oral supplements and
tube feeding in maintenance dialysis: A systematic review and meta-analysis. Am. J. Kidney Dis. 2005, 46, 387–405. [CrossRef]
[PubMed]

19. Sezer, S.; Bal, Z.; Tutal, E.; Uyar, M.E.; Acar, N.O. Long-Term oral nutrition supplementation improves outcomes in malnourished
patients with chronic kidney disease on hemodialysis. JPEN J. Parenter Enteral. Nutr. 2014, 38, 960–965. [CrossRef]

20. Chao, C.T.; Tang, C.H.; Cheng, R.W.; Wang, M.Y.; Hung, K.Y. Protein-Energy wasting significantly increases healthcare utilization
and costs among patients with chronic kidney disease: A propensity-score matched cohort study. Curr. Med. Res. Opin. 2017, 33,
1705–1713. [CrossRef]

21. Mah, J.Y.; Choy, S.W.; Roberts, M.A.; Desai, A.M.; Corken, M.; Gwini, S.M.; McMahon, L.P. Oral protein-based supplements
versus placebo or no treatment for people with chronic kidney disease requiring dialysis. Cochrane Database Syst. Rev. 2020, 5,
CD012616. [CrossRef]

22. Satirapoj, B.; Prapakorn, J.; Punpanich, D.; Pongsuparbchon, C.; Supasyndh, O. The effect of ONCE Renal on minerals and
electrolytes in predialysis patients with chronic kidney disease. Int. J. Nephrol. Renovasc. Dis. 2016, 9, 81–86. [CrossRef] [PubMed]

23. Wu, P.-Y.; Su, C.-T.; Chang, H.-W.; Lan, A.; Yang, S.-H. The effect of a nutritional supplement on chronic kidney disease patients. J.
Food Nutr. Res. 2016, 4, 115–120.

24. Chen, S.I.; Chiang, C.L.; Chao, C.T.; Chiang, C.K.; Huang, J.W. Gustatory dysfunction is closely associated with frailty in patients
with chronic kidney disease. J. Ren. Nutr. 2021, 31, 49–56. [CrossRef] [PubMed]

25. Sung, C.C.; Liao, M.T.; Chao, C.T. Independent determinants of appetite impairment among patients with stage 3 or higher
chronic kidney disease: A prospective study. Nutrients 2021, 13, 2863. [CrossRef]

26. Hunsicker, L.G.; Adler, S.; Caggiula, A.; England, B.K.; Greene, T.; Kusek, J.W.; Rogers, N.L.; Teschan, P.E. Predictors of the
progression of renal disease in the modification of diet in renal disease study. Kidney Int. 1997, 51, 1908–1919. [CrossRef]

27. Kalantar-Zadeh, K.; Fouque, D. Nutritional management of chronic kidney disease. N. Engl. J. Med. 2017, 377, 1765–1776.
[CrossRef]

28. Roscioni, S.S.; Heerspink, H.J.; de Zeeuw, D. The effect of RAAS blockade on the progression of diabetic nephropathy. Nat. Rev.
Nephrol. 2014, 10, 77–87. [CrossRef]

29. Chen, L.K.; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.; Krairit, O.; et al.
Sarcopenia in Asia: Consensus report of the Asian Working Group for Sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95–101.
[CrossRef]

30. Chang, Y.T.; Wu, H.L.; Guo, H.R.; Cheng, Y.Y.; Tseng, C.C.; Wang, M.C.; Lin, C.Y.; Sung, J.M. Handgrip strength is an independent
predictor of renal outcomes in patients with chronic kidney diseases. Nephrol. Dial. Transpl. 2011, 26, 3588–3595. [CrossRef]

31. Speeckaert, M.; Van Biesen, W.; Delanghe, J.; Slingerland, R.; Wiecek, A.; Heaf, J.; Drechsler, C.; Lacatus, R.; Vanholder, R.;
Nistor, I.; et al. Are there better alternatives than haemoglobin A1c to estimate glycaemic control in the chronic kidney disease
population? Nephrol. Dial. Transpl. 2014, 29, 2167–2177. [CrossRef] [PubMed]

32. Spoto, B.; Pisano, A.; Zoccali, C. Insulin resistance in chronic kidney disease: A systematic review. Am. J. Physiol. Renal. Physiol.
2016, 311, F1087–F1108. [CrossRef]

33. Bloomgarden, Z.; Handelsman, Y. How does CKD affect HbA1c? J. Diabetes 2018, 10, 270. [CrossRef] [PubMed]
34. Bonora, E.; Tuomilehto, J. The pros and cons of diagnosing diabetes with A1C. Diabetes Care 2011, 34 (Suppl. 2), S184–S190.

[CrossRef]
35. Perlman, R.L.; Finkelstein, F.O.; Liu, L.; Roys, E.; Kiser, M.; Eisele, G.; Burrows-Hudson, S.; Messana, J.M.; Levin, N.; Rajagopalan,

S.; et al. Quality of life in chronic kidney disease (CKD): A cross-sectional analysis in the Renal Research Institute-CKD study.
Am. J. Kidney Dis. 2005, 45, 658–666. [CrossRef] [PubMed]

36. Pagels, A.A.; Soderkvist, B.K.; Medin, C.; Hylander, B.; Heiwe, S. Health-Related quality of life in different stages of chronic
kidney disease and at initiation of dialysis treatment. Health Qual. Life Outcomes 2012, 10, 71. [CrossRef]

37. Venkateswaramurthy, N.; Islam, M.S.; Habeeba, R.C.; Sambathkumar, R. Assessment of quality of life in dialysis and non-dialysis
chronic kidney disease patients. Int. J. Pharm. Sci. Res. 2019, 10, 2970–2974. [CrossRef]

http://doi.org/10.1053/j.ajkd.2005.04.036
http://www.ncbi.nlm.nih.gov/pubmed/16129200
http://doi.org/10.1177/0148607113517266
http://doi.org/10.1080/03007995.2017.1354823
http://doi.org/10.1002/14651858.CD012616.pub2
http://doi.org/10.2147/IJNRD.S98179
http://www.ncbi.nlm.nih.gov/pubmed/27103839
http://doi.org/10.1053/j.jrn.2020.06.006
http://www.ncbi.nlm.nih.gov/pubmed/32773236
http://doi.org/10.3390/nu13082863
http://doi.org/10.1038/ki.1997.260
http://doi.org/10.1056/NEJMra1700312
http://doi.org/10.1038/nrneph.2013.251
http://doi.org/10.1016/j.jamda.2013.11.025
http://doi.org/10.1093/ndt/gfr013
http://doi.org/10.1093/ndt/gfu006
http://www.ncbi.nlm.nih.gov/pubmed/24470517
http://doi.org/10.1152/ajprenal.00340.2016
http://doi.org/10.1111/1753-0407.12624
http://www.ncbi.nlm.nih.gov/pubmed/29124865
http://doi.org/10.2337/dc11-s216
http://doi.org/10.1053/j.ajkd.2004.12.021
http://www.ncbi.nlm.nih.gov/pubmed/15806468
http://doi.org/10.1186/1477-7525-10-71
http://doi.org/10.13040/IJPSR.0975-8232.10(6).2970-74

	Introduction 
	Materials and Methods 
	Participants and Study Design 
	Sample Size Calculation 
	Nutrition Intervention 
	Anthropometric Measurements 
	Laboratory Tests 
	Nutrition-Related Parameters 
	Quality of Life 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

