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Abstract
Objective: It has been uncertain that low protein diet for patients with chronic kidney disease (CKD)
may predispose to malnutrition. The study aimed to investigate the effects of low protein diet on body
composition of CKD patients and analyze the influence of age.
Methods: Patients with glomerular filtration rate less than 45 mL/min/1.73m2 including 103 elderly
(70.7 ± 6.9 years old) and 56 non-elderly (49.8 ± 9.1 years old) CKD patients were enrolled. All patients
were educated by dietitians to take low protein diet and were followed up regularly every three
months. Their demographic data, underlying disease and body mass index (BMI) were reviewed and
recorded. Results of body composition measurement and laboratory tests were collected every three
months for one year.
Results: At baseline, the distribution of body composition was similar in non-elderly patients between
non-low and low protein groups. In the elderly, patients in low protein group had higher fat and lower
muscle percentage. In one-year follow-up, non-elderly patients did not present significant changes in
their BMI, serum albumin level and body compositions in both protein groups. Non-low protein group
in elderly patients had significant decrease in BMI and estimated glomerular filtration rate (eGFR) after
12 months (both p< 0.05). Determination in body composition showed decrease in fat and increase in
muscle component. In low protein group, their BMI was decreased and eGFR was not influenced. Fat
component was decreased and muscle percentage was increased in one-year follow-up.
Conclusions: In elderly CKD patients, low protein diet maintained good nutritional status and muscle
mass was preserved.
Key words: Body composition, chronic kidney disease, low protein diet, muscle mass.

Introduction
Patients with chronic kidney disease (CKD) are
usually recommended to maintain low protein diet to
slow down renal function deterioration [1]. It is
well-recognized that progressive decline of renal
function with aging is common [2]. However, higher
protein
intake
can
prevent
protein-energy
malnutrition in the elderly. Therefore, how to adjust
protein intake appropriately for the elderly with CKD

is an important issue. For elderly population without
CKD, the recommended protein intake is over 0.8
g/kg/day [3]. It has been estimated that 10 to 35 % of
elderly people take protein below minimal
requirement (0.7 g/kg BW/day) [4]. In order to
minimize the progression of sarcopenia, increased
protein intake to 1.0-1.3 g/kg/day was suggested [5].
In a national-wide study, glomerular filtration rate
http://www.medsci.org
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(GFR) less than 30 mL/min/1.73 m2 was an
independent factor associated with malnutrition for
older adults [6]. Collectively, it would be better to
individualize the amount of protein intake by close
monitoring renal function and muscle wasting status
in the elderly. Previous studies of body compositions
of patients with CKD are usually with small numbers
and mostly included patients with age less than 60 [7,
8]. The concern on safety of low protein diet for
elderly patients is raised but only little information is
available.
Anorexia, dietary restriction, acidosis, and
inflammation in CKD patients can increase the risks of
cachexia and protein-energy wasting syndrome [9].
Muscle wasting is associated with increased mortality
in patients with chronic illness [10-12]. Therefore, it is
indicated to assess body composition and monitor
muscle mass in these patients. Serial body
composition measurements can detect changes in
muscle mass and provide additional information of
nutritional status than common nutritional markers,
such as body weight, body mass index (BMI), and
serum albumin [12, 13]. Dual energy X-ray
absorptiometry (DXA) is the gold standard for body
composition assessment. However, the machine
occupies large space with high cost, and is not
recommended for routine clinical use.
In the present study, bioelectrical impedance
analysis (BIA) with tetra-polar impedance meter was
employed for the determination of body composition.
We analyzed the effects of low protein diet on body
compositions of CKD patients. We also compared the
alterations of body composition between elderly and
non-elderly patients.

Patients and methods
Patients with eGFR ≤ 45mL/min/1.73m2 (CKD
stage 3b) regularly followed up in nephrology clinics
were recruited. Patients were excluded if they had
chronic heart failure (New York Heart Association
Functional Classification System, ≥ stage III) or active
infection, and any of which might affect dietary
intake, such as swallowing difficulty or cancer under
treatments. Subjects with contraceptive devices,
metallic transplant, liquid filled catheter, or
pregnancy were excluded as well. This study was
approved by Chang Gung Medical Foundation
Institutional Review Board (101-3599B). All
participants involved gave written informed consent.
Demographic data including gender, age, body
weight, body height, BMI were collected. Diabetes
mellitus (DM) was defined as patients who were
receiving oral anti-diabetic or insulin treatment; with
fasting blood sugar ≥ 126 mg/dL or random blood
sugar ≥ 200 mg/dL with associated symptoms. Blood
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pressure was measured at every visit. Laboratory data
including serum creatinine, albumin, hemoglobin,
glycosylated
hemoglobin,
total
cholesterol,
high-density lipoprotein, low-density lipoprotein, and
triglyceride were measured at baseline and one year
later. The eGFR was calculated by using Modification
of Diet in Renal Disease (MDRD) formula [14]. The
participants received dietary counselling and their
body compositions were measured every three
months for one year. The registered dietitians
calculated the energy and protein intake of these CKD
patients from each interview. Dietary counselling was
individualized and focused on educating and
advising patients about food portions, selections and
preparations. For participants’ understanding and
encouraging them doing exercise, the registered
dietitians interpreted the results of body composition
measurement to all participants. The low protein
group was defined as average protein intake ≤ 0.8 g
protein /kg/day [15]. The rest of enrolled patients
were defined as non-low protein group. Age greater
than 60 was defined as the elderly group in the
present study.
Waist circumference was measured at the
midway between the lowest rib and iliac crest. The
participants were instructed to fast for 4-hours before
body composition measurement. The assessment of
body composition followed the manufactory’s
protocol of the bioelectrical impedance analysis (BIA)
(ioi 353, Jawon Medical, S. Korea). The BIA device
measured five body segments (right arm, right leg,
left arm, left leg, and trunk) via tetra-polar electrode
method using 8 touch electrodes. Appendicular
skeletal muscle mass (ASM) index is calculated as
muscle of limbs measured by BIA divided by height
squared (kg/m2) [16, 17].

Statistical methods
All statistical analyses were performed using
statistical SPSS version 19 software (IBM
Corporation). Data were presented as mean ±
standard deviation or percentage as appropriate.
Continuous variables were compared using ANOVA
or the Mann-Whitney U test. Comparison of body
compositions at baseline and every 3 months was
analyzed by paired t test or Wilcoxon test. A p value <
0.05 was considered as statistically significant.

Results
A total of CKD patients including 103 elderly
patients and 56 non-elderly patients were recruited.
Table 1 displays their baseline characteristics of
non-low protein and low protein groups in different
age groups. The mean age of elderly CKD patients
was significantly greater than the non-elderly group
http://www.medsci.org
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(70.2 ± 6.8 vs. 50.7 ± 8.9 and 70.2 ± 7.3 vs. 46.8 ± 9.5 in
non-low and low protein groups respectively, both p
< 0.001). Diabetes accounts for 23% of enrolled
patients. In elderly patients, protein and energy intake
were significantly lower in low protein group than
non-low protein group (0.71 ± 0.06 g/kg and 23.3 ± 2.5
kcal/kg vs. 1.01 ± 0.17 g/kg, 29.0 ± 4.2 kcal/kg, both p
< 0.001). There were no significant differences in
blood pressure, BMI, waist circumference and eGFR.
The biochemical data was similar between two
groups. Elderly patients in low protein group had
higher body fat percentage and lower muscle
percentage than non-low protein group (p < 0.05). No
difference was noted in their ASM index. In the
non-elderly patients, low protein group had lower
protein intake and energy intake (both p < 0.001).
Their body compositions did not differ between two
protein groups. We further compared elderly and
non-elderly patients in either non-low or low protein
groups. In non-low protein patients, diastolic blood
pressure was higher in non-elderly patients (p < 0.05).
In the low protein groups, non-elderly patients had
higher serum albumin levels and lower total
cholesterol levels than the elderly patients (both p <
0.05). Comparison in body composition revealed
non-elderly patients had lower body fat percentage
and higher muscle percentage than the elderly (both p
< 0.05).

Table 2 represents the baseline and 1-year
follow-up data of non-elderly patients. In one year,
we found there was significant decline of eGFR in
non-low protein group while the eGFR was not
influenced in low protein group. The biochemical data
and body composition did not change significantly in
1-year follow up either in non-low or low protein
groups. Table 3 presents the changes in elderly CKD
patients. There was significant decrease in BMI and
eGFR in the non-low protein group after 1-year
follow-up. Modest but significant increase in albumin
level was noted. Their hemoglobin level was
decreased. Measurement in body composition
indicated that a significant decrease in fat and
increase in muscle component after 1 year (both p <
0.05). In low protein group, their BMI was decreased
and levels of serum albumin and triglyceride were
increased significantly. Comparison in body
composition revealed decrease in fat percentage,
including total body and trunk fat. The muscle
component was increased (p < 0.05). Similar to the
results of comparison in baseline, after 1 year, there
were significant differences between non-low and low
protein groups in fat and muscle distribution. Patients
in low protein group had higher percentage of fat and
lower percentage of muscle (both p < 0.05). There was
no significant change in ASM index after 1-year
follow-up in both groups.

Table 1. Comparisons of baseline characteristics and body composition between non-low protein and low protein CKD patients in
different age groups.

Age
Male (n, %)
DM( n, %)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Protein intake / IBW(g/kg)
Energy intake / IBW(kcal/kg)
BMI (kg/m2)
waist circumference (cm)
eGFR (mL/min/1.73m2)
Serum albumin (g/dL)
Hemoglobin level ( g/dL)
HbA1c ( % ) (Diabetes)
Total cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
TG (mg/dL)
Body composition
Fat %
Trunk fat%
Muscle%
Leg-muscle%
Trunk muscle%
ASM index

Elderly
Non-low protein group
n = 79
70.2 ± 6.8
57 ( 72 % )
21 ( 27 % )
132 ± 15
66 ± 9
1.01 ± 0.17
29.0 ± 4.2
24.1 ± 3.1
85.9 ± 9.0
25.7 ± 11.9
4.2 ± 0.3
11.6 ± 1.9
6.7 ± 0.6

Low protein group
n = 24
70.2 ± 7.3
15 ( 63 % )
5 ( 21 % )
131 ± 18
67 ± 9
0.71 ± 0.06‡
23.3 ± 2.5‡
25.4 ± 2.9
84.7 ± 11.6
23.9 ± 11.8
4.2 ± 0.3
11.4 ± 1.7
6.7 ± 0.9

Non-elderly
Non-low protein group
n = 43
50.7 ± 8.9*
23 ( 54 % )
9 ( 21 % )
127 ± 13
71 ± 7†
0.95 ± 0.13
27.9 ± 2.9
23.9 ± 3.9
83.3 ± 12.1
24.5 ±10.2
4.3 ± 0.3
11.6 ± 2.1
7.1 ± 1.5

Low protein group
n = 13
46.8 ± 9.5*
7 ( 54 % )
2 ( 15 % )
125 ± 16
67.7 ± 8.0
0.71 ± 0.05‡
22.9 ± 2.4‡
23.4 ± 4.4
83.6 ± 15.7
19.5 ± 11.1
4.5 ± 0.3†
10.4 ± 1.7
6.0 ± 0.4

168. ± 25.6
57.3 ± 16.5
88.7 ± 21.5
128.8 ± 82.3

170.4 ± 30.9
53.6 ± 14.8
92.6 ± 32.7
96.6 ± 29.7

175.3 ± 33.2
54.0 ± 15.3
93.8 ± 29.4
154.7 ± 118.4

147.9 ± 26.5§†
52.0 ± 11.6
78.1 ± 24.9
116.0 ± 42.9

26.0 ± 6.0
13.4 ± 3.1
68.2 ± 5.9
12.6 ± 1.1
33.9 ± 2.9
8.24 ± 0.99

29.7 ± 5.3§
15.3 ± 2.7§
64.6 ± 5.2§
11.8 ± 1.0§
32.3 ± 2.5§
8.17 ± 1.04

24.8 ± 5.9
12.8 ± 3.0
69.4 ± 5.9
12.8 ± 1.1
34.6 ± 2.9
8.29 ± 1.28

24.1 ± 6.5†
12.4 ± 3.4†
70.2 ± 6.4†
12.8 ± 1.2†
35.1 ± 3.5†
8.13 ± 1.24

Data were expressed as mean ± standard deviation. eGFR, estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; TG, triglyceride; BMI, body mass index; ASM index, appendicular skeletal muscle mass index.
* p < 0.001 elderly vs. non-elderly. ‡ p < 0.001 non-low protein vs. low protein group. † p < 0.05 elderly vs. non-elderly. § p < 0.05 non-low protein vs. low protein group.
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Table 2. Comparisons of characteristics and body compositions of non-elderly patients in different protein intake groups at baseline and
1-year follow-up.

BMI (kg/m2)
waist circumference (cm)
eGFR (mL/min/1.73m2)
Serum albumin (mg/dL)
Hemoglobin level ( g/dL)
HbA1c ( % ) (DM only)
Total cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
TG (mg/dL)
Body composition
Fat %
Trunk fat %
Muscle %
Leg-muscle %
Trunk muscle %
ASM index

Non-low protein group, n = 43
Baseline
1-year follow-up
23.9 ± 3.9
24.0 ±3.7
83.3 ± 12.1
81.6 ± 9.4
24.5 ±10.2
21.9 ± 11.3*
4.3 ± 0.3
4.5 ± 0.4
11.6 ± 2.1
12.7 ± 5.8
7.1 ± 1.5
6.6 ±1.1

Low protein group, n = 13
Baseline
1-year follow-up
23.4 ± 4.4
23.3 ± 4.6
83.6 ± 15.7
85.1 ± 15.8
19.5 ± 11.1
19.3 ± 14.0
4.5 ± 0.3
4.4 ± 0.3
10.4 ± 1.7
10.9 ± 2.3
6.0 ± 0.4
6.0 ± 0.6

175.3 ± 33.2
54.0 ± 15.3
93.8 ± 29.4
154.7 ± 118.4

161.5 ± 47.9
53.6 ± 15.1
86.0 ± 33.9
182.8 ± 241.7

147.9 ± 26.5
52.0 ± 11.6
78.1 ± 24.9
116.0 ± 42.9

142.5 ± 28.0
46.2 ± 6.1
84.0 ± 30.7
105.8 ± 35.8

24.8 ± 5.9
12.8 ± 3.0
69.4 ± 5.9
12.8 ± 1.1
34.6 ± 2.9
8.29 ± 1.28

24.7 ± 5.9
12.7 ± 3.0
69.5 ± 5.9
12.8 ± 1.2
34.6 ± 2.8
8.54 ± 1.85

24.1 ± 6.5
12.4 ± 3.4
70.2 ± 6.4
12.8 ± 1.2
35.1 ± 3.5
8.13 ± 1.24

24.0 ± 7.2
12.3 ± 3.7
70.3 ± 7.2
12.9 ± 1.3
35.1 ± 3.7
8.08 ± 1.08

Data were expressed as mean ± standard deviation. ASM index, appendicular skeletal muscle mass index; BMI, body mass index.
* p < 0.05 compared with baseline.

Table 3. Comparisons of characteristics and body compositions of elderly patients in different protein intake groups at baseline and
1-year follow-up.

BMI (kg/m2)
waist circumference (cm)
eGFR (mL/min/1.73m2)
Serum albumin (mg/dL)
Hemoglobin level ( g/dL)
HbA1c ( % ) (DM only)
Total cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
TG (mg/dL)
Body composition
Fat %
Trunk fat %
Muscle %
Leg-muscle %
Trunk muscle %
ASM index

Non-low protein group, n = 79
Baseline
1-year follow-up
24.1 ± 3.1
23.9 ± 3.1*
85.9 ± 9.0
85.3 ± 9.0
25.7 ± 11.9
24.5 ± 13.2*
4.2 ± 0.3
4.3 ± 0.4*
11.6 ± 1.9
11.3 ± 2.0*
6.7 ± 0.6
6.5 ± 0.7

Low protein group, n = 24
Baseline
1-year follow-up
25.4 ± 2.9
24.8 ± 2.8*
84.7 ± 11.6
86.2 ± 10.5
23.9 ± 11.8
23.2 ± 13.6
4.2 ± 0.3
4.3 ± 0.3*
11.4 ± 1.7
11.2 ± 1.5
6.7 ± 0.9
6.9 ± 0.9

168. ± 25.6
57.3 ± 16.5
88.7 ± 21.5
128.8 ± 82.3

168.3 ± 32.0
56.5 ± 20.8
90.6 ± 25.6
114.0 ± 61.4

170.4 ± 30.9
53.6 ± 14.8
92.6 ± 32.7
96.6 ± 29.7

153.4 ± 28.8
53.8 ± 17.8
78.3 ± 26.3
126.9 ± 57.0*

26.0 ± 6.0
13.4 ± 3.1
68.2 ± 5.9
12.6 ± 1.1
33.9 ± 2.9
8.24 ± 0.99

25.4 ± 6.6*
13.1 ± 3.4*
68.8 ± 6.5*
12.7 ± 1.3
34.2 ± 3.1*
8.23 ± 1.05

29.7 ± 5.3
15.3 ± 2.7
64.6 ± 5.2
11.8 ± 1.0
32.3 ± 2.5
8.17 ± 1.04

28.6 ± 5.1*†
14.7 ± 2.6*†
65.7 ± 5.0*†
12.0 ± 1.0*†
32.8 ± 2.3*
8.14 ± 1.18

Data were expressed as mean ± standard deviation. ASM index, appendicular skeletal muscle mass index; BMI, body mass index.
* p < 0.05 compared with baseline.
† p < 0.05 non-low protein vs. low protein group after 1-year follow-up.

We further analyzed the serial changes of muscle
percentage in every 3 months body composition
measurements. As shown in figure 1, elderly CKD
patients had lower muscle percentage than the
non-elderly CKD patients. The percentage did not
change significantly in non-elderly patients in oneyear follow-up. There was significant increase at 12
months measurement in the elderly patients.

Discussion
Our study clearly demonstrated that diet
intervention with low protein therapy did not affect
nutritional status in CKD patients. Furthermore, in

elderly CKD patients, despite their progressive
decrease in BMI, low protein diet was associated with
increased serum albumin level and their muscle mass
were preserved. In 1-year follow-up, there was a
significant decline of eGFR in patients with non-low
protein intake.
Therefore, low protein diet is the recommended
nutritional therapy for CKD patients especially for
those with eGFR less than 45 mL/min/1.73m2.
However, the potential risk of protein-energy wasting
from dietary protein restriction prompted researchers
to investigate the effect of low protein diet on
nutrition status. Most studies analyzed the effect of
http://www.medsci.org
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low protein diet on body composition focused on
middle-aged patients. These studies indicated that
low protein diet did not have adverse effects on body
composition despite patients usually had weight loss
in the first six months then recovered eventually [18,
19]. With constant BMI, body fat percentage increased
with aging [20]. In our study, comparing with
non-elderly CKD patients, the elderly had higher
percentage of fat. We further compared the alterations
of body composition and found no significant change
in the non-elderly patients. In the elderly CKD
patients, low protein diet preserved muscle mass, and
serum albumin was even increased.
It has been reported that elderly with higher BMI
such as 25-35 kg/m2 had lower mortality [21],
indicating elderly should maintain higher BMI. In
another study, Lu et al. found the beneficial effect of
high BMI was attenuated in patients with eGFR < 30
mL/min/1.73 m2 [22]. Therefore, whether higher BMI
is associated with better outcome in CKD patients
remains inconclusive. In non-CKD population, elderly
with higher skeletal muscle mass index rather than
BMI were associated with lower mortality [23]. In
CKD patients, decreased abdominal adiposity
together with lower waist circumferences and lower
trunk fat, were associated with improved systemic
inflammation and lower mortality [24-26]. In a
longitudinal follow-up study on healthy elderly with
stable energy intake and body weight, decrease in
physical activity can cause progressive decrease in
fat-free mass and increase in fat mass [27].
Previous studies have shown for the elderly with
age greater than 70, unintended weight loss occurred
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even with disease absent [28, 29]. In our study, BMI
was decreased significantly in elderly CKD patients in
one-year follow-up. Both non-low protein and low
protein group had body fat percentages decreased
and muscle percentages increased. Apparently, these
changes were not observed in the non-elderly
patients. This finding indicated that aging process
plays a key role in affecting body composition
irrespective of protein intake. Nevertheless, whether
the decline of renal function during aging contributes
to the above change in BMI as well as body
composition is unclear. Determination of body
composition helps providing important information
that elderly CKD patients both in non-low or low
protein group can maintain muscle mass. Hence,
patients with low protein intake still can preserve
their muscle mass and serum albumin level was not
reduced.
In the present study, we found patients with
non-low protein diet were associated with significant
decrease in eGFR during 1-year follow-up irrespective
of their age. This finding highlights the importance of
low protein intake in CKD patients. Compared with
low protein group, patients with non-low protein diet
had a drop of 3.5 mL/min/1.73 m2 in non-elderly
CKD patients and it was 1.2 mL/min/1.73 m2 in the
elderly group. In the low protein group, their eGFR
change was decreased minimally. How to retard the
progressive loss of residual renal function of CKD
patients is primarily the utmost goal of CKD care [30].
Our results highlight the important role of diet
intervention among CKD patients.

Figure 1. Changes of muscle percentage with 3-month intervals compared to baseline in one-year follow-up. * p < 0.05 compared with baseline.
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There are several limitations in our study. First,
underestimation of energy intake may occur with the
method of dietary history. Even with our method of
estimating food portions during the dietary interview,
calculation of fat intake may be imprecise. Second, the
treatment of blood pressure, lipid profile and
glycemic control of diabetic patients were not
included for detail analysis. Thirdly, patients without
diet intervention were not enrolled as control group.
Lack of control group may underestimate the effect of
low protein diet intervention. Lastly, 1-year follow-up
period is rather short and a longer observation may
help provide longitudinal changes in more aspects of
CKD patients.
In conclusion, Low protein diet did not affect the
nutritional status of elderly CKD patients. Their
muscle mass was preserved with decreasing fat
component. With the addition of body composition
information provided by BIA device, diet intervention
therapy can offer beneficial effects more effectively
and appropriately in CKD patients.
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