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Abstract

Background: Taiwanese studies have typically shown that the average 
Dietary Energy Intake (DEI) of Hemodialysis (HD) patients was lower than 
that recommended by the National Kidney Foundation (NKF) Kidney Disease 
Outcomes Quality Initiative (K/DOQI) guidelines; however, these patients did not 
display a poor nutritional status. This study aimed to use the energy prediction 
equation to estimate simplified Appropriate Energy Requirements (AER) for 
Taiwanese HD patients. 

Design: This was a cross-sectional study with 108 HD patients. The 
demographic, anthropometric, and laboratory measurement data of the patients 
were obtained from a chart review. The dietary data were obtained from 3-day 
dietary records at the baseline and follow-up periods of the current study. 

Result: To maintain an ideal body weight and a healthy nutritional status, 
the AER for males is approximately 24.6 (kcal/IBW kg/day) and the AER for 
females is approximately 21.0 (kcal/IBW kg/day). Based on the DEI reached 
AER, a comparison of the nutritional parameters between the baseline and 
follow-up was non-significant. Male patients older than 60 years with adequate 
dietary energy showed higher serum albumin values and Geriatric Nutritional 
Risk Index (GNRI) scores in the follow-up compared with those at the baseline.  

Conclusion: The AER of Taiwanese HD patients may be lower than 
the recommendation of the K/DOQI guideline. We recommend an AER of 
approximately 21 to 25 (kcal/kg/day) to maintain an ideal body weight and a 
healthy nutritional status.

Keywords: Hemodialysis; Energy requirement; Equation of energy 
requirements; Nutritional status; Energy intake

(HD and Peritoneal Dialysis (PD)) increased 3.8 percent in 2012, and 
is now 57.4 percent larger than in 2000. In 2012, nearly 90 percent 
of all dialysis patients received HD. Among incident end-stage renal 
disease (ESRD) patients starting Renal Replacement Therapy (RRT) 
by HD in 2012, 84.0% had Medicare coverage [1]. In Taiwan, the total 
number of HD patients in 2011 was 57615 – a 3.1 percent increase 
from 2010 [2]. In the National Health Insurance Statistics, 2011, it 
was also showed broken down by the global budget payment system, 
the outpatient benefits claimed by dialysis was being the highest of 
all [3]. Because of HD population growing year by year, it would be 
a danger to national health and increase the burden of medical cost.

Adequate nutrition support in HD patients is one of the most 
important factors of increased longevity, decreased hospitalization 
and burden of medical cost. The NKF K/DOQI Clinical Practice 
Guidelines for Nutrition in Chronic Renal Failure has referenced 
several studies [4-8] and developed age-specific guidelines for Dietary 
Energy Intake (DEI) in HD patients. The recommended DEI is 30 to 
35 kcal/kg/day for HD patients ≥ 60 years old and 35 kcal/kg/day for 
HD patients < 60 years old [5,9,10]. However, data of the National 
Institutes of Health-sponsored Hemodialysis (HEMO) study (n = 
1397) which compared the DEI in patients of various ages determined 
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Introduction
In the 2014 United States Renal Data System (USRDS) annual data 

report, it was showed that the size of the prevalent dialysis population 
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that the mean DEI was lower than that recommended by the K/DOQI 
[11], which is similar with studies of Bossola et al. and As’habi et al. 
[12,13]. Hung and Tarng observed that the mean DEI of Taiwanese 
HD patients are lower than K/DOQI energy recommendation, but 
not in malnutrition status [14]. Moreover, the same groups asserted 
that if DEI exceeds the current recommendations, it could increase 
adiposity and inflammation [14]. Several studies in Taiwan and 
Japan have determined that the range of DEI in HD patients is 
approximately 25–29 kcal/kg/day [14-16]. Considering the DEI 
less than recommendation, Milano et al. concluded that energy 
supplementation alone in HD patients resulted in an increase in body 
weight because of an increase in body fat; however, the nutritional 
status of the patients did not improve [17]. In summary, the DEI of 
HD patients commonly ranges from 21 to 29 kcal/kg/day.

The causes of the increased death rates in HD patients are 
multifaceted. Protein-energy wasting (PEW) is a common 
phenomenon in patients undergoing dialysis and a risk factor for 
poor clinical outcomes [18-20]. Such is the case of the “obesity 
paradox,” whereby a high body mass index (BMI) or body weight 
gain has been associated with longer survival in many studies [21-23] 
but not all studies [24-27] of dialysis patients. Chazot et al. concluded 
that despite overweigh and obese patients on maintenance HD carry a 
significant lower mortality risk than patients in the normal and lower 
BMI ranges, but also increased comorbidities [22]. Amongst these, to 
provide optimal nutrition care to HD patients, a clear understanding 
of their energy requirements is paramount [28].

Humans require adequate energy to maintain their body 
temperature and metabolic conditions and to expend energy during 
physical activities. Energy is regulated by a complex set of feedback 
mechanisms. Changes in energy intake or expenditure trigger 
metabolic and behavioral responses that restore the balance of energy 
in adults [29]. Stability of body weight and body composition requires 
that energy intake matches energy expenditure and that nutrient 
balance is achieved [30,31].

Because of the energy recommendations of the 2012 edition 
of the Dietary Reference Intakes (DRIs) in Taiwan [32,33] are 
lower than those in the United States [34,35], may be the energy 
recommendations of the K/DOQI are higher than necessary for 
Taiwan HD patients. In this study, we established the energy calculate 
equation and estimate Appropriate Energy Requirements (AER) for 
Taiwanese HD patients.

Materials and Methods
Study design

This was a cross-sectional observation study and it comprising 
patients recruited from August 2010 to March 2011. The 
demographic, anthropometric, and laboratory measurement data of 
the patients were obtained from a chart review, and the dietary data 
were obtained from the 3-day dietary records at baseline and follow-
up (Month 2) periods of the current study. We derived an equation of 
energy prediction to calculate the AER (Figure 1). And we compared 
the nutritional parameters and dietary data at the baseline and follow-
up period to determine whether the proposed AER was appropriate 
for maintaining a positive nutritional status. The study was approved 
by the Institutional Review Board of the Taipei Medical University 

(NO: 201005004, NO: 99053). All participants provided their written 
consent.

Study population
We recruited 116 HD patients from the Taipei Medical University 

Hospital Hemodialysis Center (n = 45) and Taipei Wan Fang Hospital 
Hemodialysis Center (n = 71). The patients included in the study 
must have been ≥ 20 years old and on maintenance dialysis for at least 
3 months, thrice a week. Patients with malignance, liver failure, liver 
cirrhosis, and planned surgeries, or those who were on tube-feeding 
regimens, were excluded.

Data collection
We obtained demographic data, such as age, sex, medical history, 

dialysis history, complications [diabetes, hypertension, cardiovascular 
disease history (coronary artery disease, ischemia heart disease, 
congestive heart failure, stroke, and cerebrovascular accident)], 
by reviewing the charts of patients. The following anthropometric 
parameters were measured: body height from the chart review, 
postdialysis body weight (UWE, TAIWAN or JWI-586, TAIWAN), 
and calculated BMI [weight (kg) /height (m2)]. We obtained blood 
samples before the HD session, after the patients fasted overnight. 
The serum fasting blood glucose, serum albumin (Alb) (Bromocresol 
green), blood urea nitrogen (BUN), creatinine (Cr), Kt/V, 
Normalization Oof Protein Equivalent of total Nitrogen Appearance 
(nPNA), Total Cholesterol (TC), Triglyceride (TG), White Blood Cell 
Count (WBC), Potassium (K), Phosphate (P), Hemoglobin (Hb), and 
Hematocrit (Hct) were measured by the laboratories of the Taipei 
Medical University Hospital and Taipei Wan Fang Hospital. The 
nPNA value was calculated using the following equation: nPNA = 
[pre BUN / (25.8 + 1.15/Kt/V + 56.4/Kt/V) + 0.168].

Nutritional assessment
The nutritional statuses of HD patients were evaluated based on 

their serum Alb, Cr, TC, nPNA, and GNRI scores. Serum Alb levels 
< 3.5 g/dL [7], serum Cr levels < 10 mg/dL [7], serum TC levels < 

Figure 1: Model-building procedure for developing energy prediction equation 
in Taiwan maintenance hemodialysis patients.
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150 or > 199 mg/dL [7], nPNA levels < 1.2 g/kg [7], or GNRI scores 
< 91.2 [36-38] indicated a poor nutritional status. The GNRI was the 
simplest and most accurate index for identifying HD patients who 
were at nutritional risk [36-38], and the score was calculated based on 
the serum Alb and body weight by using the following equation: GNRI 
= [14.89 * Alb (g/dL)] + [41.7 * (body weight/ideal body weight]. The 
body weight / ideal body weight was set to 1 when the weight of the 
patient exceeded the ideal body weight. The ideal body weight was 
defined as height2 (m2) * 22. NKF K/DOQI energy recommendation 
was calculated by 30 kcal/bw kg/day for HD patients ≥ 60 years old 
and 35 kcal/kg/day for HD patients < 60 years old.

Dietary data
We assessed the dietary data of HD patients by using a 3-day 

dietary record (HD day, non-HD day, and Sunday). A dietitian 
instructed the participants to record their food intake, including 
intake of condiments and beverages. They used typical tools to 
estimate their portion sizes [i.e., bowl (250 c.c.) / tablespoon (15 c.c.) 
/ cup (240 c.c.)]. The dietitians used a 24-hour dietary recall to review 
the records with the patients. The Taiwanese food composition 
table was used to evaluate the nutritional intake of the patients, 
and we analyzed the nutrients by using the Nutritionist Edition, 
Enhancement plus 3, version 2009. 

Statistical analysis
We performed a statistical analysis by using SAS 9.3 for windows. 

Figure 2: Study Protocol.

Total Male Female
p-value1

n = 108 n = 54 (50.0%) n =54 (50.0%)

Age 63.5 ± 14.6 64.4 ± 13.8 62.5 ± 15.4 0.504

Dialysis vintage, month 51.1 ± 50.9 50.4 ± 55.1 51.9 ± 46.9 0.879

Diabetes3, n (%) 48 (44.4%) 27 (50.0%) 21 (38.9%) 0.245

Hypertension3, n (%) 59 (54.6%) 26 (48.1%) 33 (61.1%) 0.176

Cardiovascular disease history2,3, n (%) 51 (47.2%) 25 (46.3%) 26 (48.1%) 0.847

Anthropometric data

Dry body weight, kg 61.1 ± 12.4 65.5 ± 12.4 56.7 ± 10.7 0.000*

Height, cm 162.1 ± 8.7 167.8 ± 6.5 156.5 ± 6.5 < 0.000*

BMI, kg/m2 23.2 ± 3.9 23.1 ± 3.5 23.2 ± 4.3 0.973

Dietary intake

Energy intake, kcal/day 1362.9 ± 433.5 1569.1 ± 427.8 1156.7 ± 331.2 <0.000*

Energy intake, kcal/kg/day 22.9 ± 8.0 24.5 ± 7.6 21.4 ± 8.2 0.040*

Protein intake, g/day 55.2 ± 22.4 63.9 ± 25.4 46.5 ± 14.7 <0.000*

Protein intake, g/kg/day 0.9 ± 0.4 1.0 ± 0.5 0.9 ± 0.3 0.062

Protein, % energy 16.2 ± 4.0 16.4 ± 4.8 16.1 ± 3.0 0.682

Nutritional status

Alb, g/dL 4.0 ± 0.4 4.0 ± 0.4 3.9 ± 0.5 0.433

Cr, mg/dL 10.4 ± 3.0 11.0 ± 3.1 9.9 ± 2.7 0.061

TC, mg/dL 174.9 ± 45.8 165.9 ± 44.5 183.9 ± 45.7 0.041*

nPNA, g/kg 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.3 0.408

GNRI score 99.2 ± 7.7 99.9 ± 6.8 98.6 ± 8.5 0.388

Table 1: Demographic, anthropometric, dietary data and nutritional characteristics on subjects.

Values are expressed as number, percentage, mean ± SD. 
1Comparisons of demographic, anthropometric, dietary data and nutritional characteristics between male and female subjects
2Cardiovascular disease included coronary artery disease, ischemia heart disease, congestive heart failure, stroke, cerebrovascular accident.
BMI: Body Mass Index; Alb: Albumin; Cr: Creatinine; TC: Total Cholesterol; nPNA: Normalization of Protein Equivalent of total Nitrogen Appearance; GNRI: Geriatric 
Nutritional Risk Index
*Means significantly different at p < 0.05, Chi-square test3 (categorical variable) or Student’s t-test (continuous variable).
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We compared the variables for males and females by using a Student 
t-test and compared the variables at baseline and follow-up by using 
a Wilcoxon rank sum test. Using a simple linear regression analysis 
and multiple regression analysis, we derived an equation of energy 
and protein prediction (Figure 1). As the DEI reached the AER, we 
used ROC association statistics to predict the correct percentage of 
nutritional status (p < 0.05 was considered statistically significant). 
The higher percentage is represented the higher prediction disease 
sensitivity and lower false positive rate, which is better discrimination 
of this tool.

Results
Demographic, anthropometric and biomedical data of the 
participants

A total of 108 patients completed the current study (Figure 2). 
Table 1 lists the demographic, anthropometric and dietary data, and 
nutritional characteristics of the patients. The ages of the patients 
ranged from 28.1 to 94.0 years, averaging 63.5 ± 14.6 years. The 
average dialysis vintage was 51.1 ± 50.9 months. The complications 
in patients included diabetes (n = 48; 44.4%), hypertension (n = 59; 
54.6%), and a history of cardiovascular disease (n = 51; 47.2%). The 
BMI was within the normal range (18.5 to 24 kg/m2) in 54.6% (n = 59) 
of the patients, whereas it indicated that only 8.3% (n = 9) of patients 
were underweight (< 18.5 kg/m2). The average nutritional parameters 
were a serum Alb level of 4.0 ± 0.4 g/dL, a serum Cr level of 10.4 ± 3.0 
mg/dL, a serum TC level of 174.9 ± 45.8 mg/dL, a nPNA level of 1.1 ± 
0.3 g/kg, and a GNRI score of 99.2 ± 7.7. 

Dietary protein and energy intake 
The average dietary protein intake (DPI) and DEI were 0.9 ± 0.4 

g/kg/day and 22.9 ± 8.0 kcal/kg/day, respectively. The DEI showed 
a significant linear regression with the DPI (p < 0 .000) (Fig. 2). The 
mean DEI values in the current study (1362.9 ± 433.5 kcal/day) 
were significantly lower than the means of the NKF K/DOQI energy 
recommendations (1971.6 ± 456.3 kcal/day; p < 0.000) and only 16 
patients displayed a DEI higher than those recommended by the K/
DOQI guidelines (data not shown). No significant differences were 
observed among participants whether or not their DEI was lower 
than that recommended by the K/DOQI. 

Established predictive energy and protein equation
Because (1) the DEI (kcal/kg/day) shows a significant difference 

for weight and sex (Table 1) and (2) the DEI has a significant linear 
regression with DPI (p < 0.000; Fig. 3), the DEI was adjusted for sex, 

weight (kg), and DPI (g/kg/day) in the simple and multiple linear 
regression models. 

In the simple linear regression analysis, the DEI was positively 
correlated with Cr (β = 0.3920, r2 = 0.6570, p = 0.024) and negatively 
correlated with age (β = -0.0833, r2 = 0.6598, p = 0.015). In the multiple 
linear regression analysis in which DEI was used as a dependent 
variable, the final model showed that sex, age, weight (kg) and DPI (g/
kg/day) were the independent determinants of DEI (Table 2). Table 2 
lists the DEI prediction equation.

In the simple linear regression analysis, the DPI was positively 
correlated with the serum potassium (K) level (mEq/dL) (β = 0.1159, 
r2 = 0.2652, p = 0.016). In the multiple linear regression analysis 
in which DPI was used as a dependent variable, the final model 
showed that sex, weight (kg), and serum K level (mEq/dL) were the 
independent determinants of DPI (Table 2). Table 2 lists the DPI 
prediction equation.

Appropriate protein and energy requirements
The AER and appropriate protein requirement (APR) are 

estimated using the DEI and DPI regression equations to indicate an 
ideal body weight and a healthy nutritional status. 

The normal range for serum K levels is 3.5–5.5 mEq/dL, “3.5” 
is the basic goal of the normal range. Therefore, we substituted 3.5 
into the serum K level variables and the ideal body weight into weight 
variables, using the DPI regression prediction to determine the APR. 
After substituting the ideal body weight into the weight variables and 
APR into the DPI variables, we used a DEI regression prediction to 
calculate the AER. Table 3 lists the APR and AER. For maintaining 
an ideal body weight and a healthy nutritional status, the AER for 
males is approximately 24.6 kcal/kg/day and the AER for females is 
approximately 21.0 kcal/kg/day. For male patients < 60 years old, the 
AER is 24.9 kcal/kg/day; for males ≥ 60 years old, it is 24.4 kcal/kg/
day; for females < 60 years old, it is 21.6 kcal/kg/day; and for females 
≥ 60 years old, it is 20.5 kcal/kg/day. 

A comparison of nutritional parameters at the baseline 
and follow-up based on the DEI reached AER

As DEI reached AER, we compared the nutritional parameters 
at baseline and follow-up periods to determine whether the AER is 
appropriate for maintaining a healthy nutritional status. The result 
showed no significant difference between the baseline and follow-up 
values (Tables 4 and 5). In male HD patients ≥ 60 years old, the Alb 
values and GNRI scores at the follow-up were higher compared with 

Dependent Variable Independent Variable Partial r2 Model r2 p-Value Regression equation

DEI, kcal/kg/day DPI, g/kg/day 0.6009 0.6009 < 0.000

DEI (kcal/kg/day) = 2.95618*Sex (Male=1, Female=0) - 
0.18025*Weight (kg) + 12.27989*DPI (g/kg/day) - 0.08326*Age 

+ 26.31441

Dry body weight, kg 0.0197 0.6206 0.022

Sex 0.0189 0.6395 0.021

Age 0.0203 0.6598 0.015

DPI, g/kg/day Dry body weight, kg 0.1179 0.1179 0.000
DPI (g/kg/day) = 0.32479*Sex (Male=1, Female=0) - 

0.01726*Weight (kg) + 0.11589*K (mEq/dL) + 1.30721Sex 0.1051 0.2230 0.000

K, mEq/dL 0.0422 0.2652 0.016

Table 2: Multiple regression results for prediction of DEI (kcal/kg/day) and DPI (g/kg/day) for subjects1.

1Adjusted for sex, weight (kg) and DPI (g/kg/day)
DEI: Dietary Energy Intake; DPI: Dietary Protein Intake; K: Potassium
p < 0.05, Multiple regression analysis with stepwise selection
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Dependent Variable Total Male Female

n = 108 (100.0%) n = 54 (50.0%) n = 54 (50.0%)

AER, kcal/kg/day2 22.8 ± 2.5 24.6 ± 1.7 21 ± 1.7

APR, g/kg/day3 0.9 ± 0.1 1 ± 0.1 0.8 ± 0.1

(< 60 years old) n = 47 (43.5%) n = 23 (42.6%) n = 24 (44.4%)

AER, kcal/kg/day2 23.2 ± 2.3 24.9 ± 1.4 21.6 ± 1.6

APR, g/kg/day3 0.8 ± 0.1 0.9 ± 0.1 0.8 ± 0.1

(≥ 60 years old) n = 61 (56.5%) n = 31 (57.4%) n = 30 (55.6%)

AER, kcal/kg/day2 22.5 ± 2.6 24.4 ± 1.9 20.5 ± 1.7

APR, g/kg/day3 0.9 ± 0.1 1 ± 0.1 0.8 ± 0.1

Table 3: Appropriate energy requirement (kcal/kg/day) and appropriate protein requirement (g/kg/day) for subjects1.

1The AER is estimated from regression equations to maintain in ideal body weight and healthy nutrition status.
2AER (kcal/kg/day) = 2.95618*Sex (Male=1, Female=0) - 0.18025*Ideal body weight (kg) + 12.27989*APR (g/kg/day) - 0.08326*Age + 26.31441
3APR (g/kg/day) = 0.32479*Sex (Male=1, Female=0) - 0.01726* Ideal body weight (kg) + 0.11589*K (mEq/dL) + 1.30721
K (mEq/dL) normal values: 3.5-5.5
AER: Appropriate Energy Requirement; APR: Appropriate Protein Requirement; K: Potassium

those at baseline; however, the difference was not significant (p = 
0.084, p = 0.067). As DEI reached AER, we used the ROC association 
statistics to predict the correct percentage indicating a healthy 
nutritional status. The correct percentage for the five nutritional 
parameters were higher than 50% (Table 6).

Discussion
The patients in this study had similar mean ages and serum Alb 

levels compared with the population of HD patients in Taiwan. 
According to the 2013 Medical Service Quality of Dialysis [39], 
Taiwanese HD patients were 62.89 ± 13.31 years old, and the mean 
serum Alb level was 3.9 g/dL. 10.2 percent of Taiwanese HD patients 
have serum Alb levels lower than 3.5 g/dL. Taipei has the highest 
number of HD patients in Taiwan. Therefore, the characteristics of 
patients in this study could represent the population of Taiwanese 
HD patients.

In our study, nutritional status showed no significant difference 
between participants whether or not their DEI was lower than the 
recommended K/DOQI values. Several studies showed that energy 
expenditure of patients undergoing maintenance HD is similar to 
other healthy individuals [4-6]. Some studies have demonstrated a 
20% increase in energy expenditure during HD [7]. Slomowitz et 
al. established the requirements for DEI in a study that examined 
6 HD patients [8]. These 6 HD patients ingested 25, 35, and 45 
kcal/kg/day and had a DPI of 1.13 g/kg/day for 21 days each. The 
experts used a regression equation to indicate that the mean DEI 
necessary to maintain both neutral nitrogen balance and unchanging 
body composition was approximate to 35 kcal/kg/day [8]. Based 
on this study, the NKF KDOQI guideline suggests that the energy 
requirements (ERs) of HD patients are approximately similar to 
normal adults of the same age who are engaged in mild daily physical 
activity, as indicated in the Recommended Dietary Allowances. This 
energy recommendation is 35 kcal/kg/day for HD patients < 60 years 
old and 30 to 35 kcal/kg/day for HD patients ≥ 60 years old [5,9,10]. 
However, no Asian patients were recruited in previous studies, and the 
body compositions and ERs differ among various ethnicities. Because 
of various differences in ethnicity, dietary habits, and physical activity 
between Taiwanese and Americans, the energy recommendations of 

the 2012 edition of the Dietary Reference Intakes (DRIs) in Taiwan 
[32,33] are lower than those in the United States [34,35]. The energy 
recommendation of the K/DOQI is might potentially higher than 
necessary for Taiwanese HD patients. 

The average DEI was about 23 kcal/kg/day in current study. The 
majority of studies in Asia and elsewhere have demonstrated the 
similar result with our study, the DEI was lower than the recommended 
K/DOQI values [12-16,40-43]. The mean DEI of HD patients in the 
Europe and America area were 22.8–29.0 kcal/kg/day [44]. In Japan, 
in Ichikawa et al., the nutritional status and the body composition 
were compared among 4 groups of patients in each gender that were 
divided by the combination of DEI and DPI; high energy (HE)/high 
protein (HP), HE/low protein (LP), low energy (LE)/HP and LE/
LP groups. HE means DEI≧30 kcal/kg IBW/day and HP means 
nPNA≧1.0 g/kg IBW/day. In the two low energy groups (LE/HP 
and LE/LP) were approximately 24.2–25.0 kcal/kg BW/d, the mean 
serum albumin value is 3.7–3.8 g/dL. When they compared the serum 
albumin and other biochemical indices among the 4 groups, except 
for minor exceptions they were not significantly different [16]. In 
Taiwan, in Hung and Tarng, the mean DEI and albumin are 29 kcal/
kg BW/d and 3.8 g/kg BW/day at baseline, when increasing energy 
intakes above K/DOQI guidelines recommendations, it appears 
to increase body fat mass and subsequently increase homeostasis 
model assessment of insulin resistance (HOMA-IR) and might 
worsen insulin resistance and other associated metabolic disorders 
[14]. There are several studies proposed that strategies to attenuate 
adverse metabolic responses without negating the beneficial effects of 
increases in energy intake need to be evaluated in future studies [45-
46]. In Thus, we suggest that increasing energy intakes above the K/
DOQI guidelines are might not suitable for Taiwanese HD patients.

The DEI (kcal/kg/day) differed significantly with weight and 
sex (Table 1), and the DEI had a significant linear regression with 
DPI (P< .0001; Figure 2). This is consistent with previous studies 
[11,12,16,36]. The majority of previous studies have determined a 
significant negative correlation between age and DEI [11,12,41,47]. 
Morley founded that reducing food intake with aging is considered 
to the decrease in physical activity and early satiation that occurs in 
response to large meals and a decrease in snacking between meals 
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[48], and it was similar with the study by Wakimoto and Block [49]. 
Some studies of the general population have shown that multiple 
factors, such as decreased gastric fundal compliance, lead to rapid 
antral filling [50], decreased ghrelin levels [51], or high basal levels 
of cholecystokinin [52], which are involved in the pathogenesis of 
anorexia of aging [12]. 

Our results were similar to those of the Nutritional and 
Inflammatory Evaluation in Dialysis (NIED) Study (n = 893), showing 
that DPI positively correlated with dietary potassium intake and 
dietary potassium intake positively correlated with serum potassium 
levels [53]. Kovesdy et al. used nPNA to represent DPI, determining 
that the nPNA was positively correlated with serum potassium 
level [54]. However, some previous studies have suggested that 

malnourished HD patients have muscle protein degradation, which 
leads to potassium release from the muscle protein and explains why 
HD patients show increased serum K concentrations [55].

To maintain an ideal body weight and a healthy nutritional status, 
the optimal AER is approximate to 24.6 kcal/kg/day for males and 
21.0 kcal/kg/day for females. Those particpants had DEI reached 
AER, but they showed not significant improvement in nutritional 
status in the follow-up compared with the baseline. However, in male 
patients ≥ 60 years old, the serum Alb values and GNRI scores in the 
follow-up increased from the baseline, although non-significantly. 
We suggest that the proposed AER is appropriate for maintaining a 
healthy nutritional status. 

Measuring energy expenditure is the most accurate method 

< 60 years old  
Male (n = 20, 87.0%)

≥ 24.9 kcal/kg/day
(n = 10, 50.0%) p-value

<24.9 kcal/kg/day
(n = 10, 50.0%) p-value

Baseline Follow-up Baseline Follow-up

Dietary intake

Energy intake, kcal/kg/day 31.6 ± 5.1 32.3 ± 4.0 .3915 20.2 ± 2.6 18.6 ± 2.9 0.116

Protein intake, g/day 71.7 ± 18.6 76.6 ± 16.9 .3464 52.8 ± 12.3 53.7 ± 11.9 0.816

Protein intake, g/kg/day 1.1 ± 0.2 1.2 ± 0.2 .2555 0.7 ± 0.2 0.8 ± 0.2 0.864

Protein, % energy 14.4 ± 2.3 15.0 ± 1.7 .5815 14.2 ± 2.2 20.7 ± 14.3 0.187

Nutritional status

Alb, g/dL 4.1 ± 0.4 4.1 ± 0.3 .8049 4.2 ± 0.3 4.2 ± 0.3 0.726

Cr, mg/dL 12.1 ± 4.2 12.2 ± 3.8 .9437 13.5 ± 2.7 13.6 ± 2.5 0.826

TC, mg/dL 197.4 ± 63.9 196.0 ± 73.1 .7851 170.3 ± 28.5 173.3 ± 21.8 0.688

nPNA, g/kg 1.0 ± 0.3 1.2 ± 0.2 .0796 1.2 ± 0.2 1.3 ± 0.3 0.270

GNRI score 100.1 ± 6.4 100.3 ± 4.4 .8826 104.4 ± 4.2 104.1 ± 4.6 0.716
≥ 60 years old 

Male (n = 26, 83.9%)
≥ 24.4 kcal/kg/day

(n = 8, 30.8%) p-value
<24.4 kcal/kg/day
(n = 18, 69.2%) p-value

Baseline Follow-up Baseline Follow-up

Dietary intake

Energy intake, kcal/kg/day 33.7 ± 6.5 32.6 ± 7.8 .5548 19.3 ± 3.2 19.2 ± 3.1 0.951

Protein intake, g/day 90.3 ± 32.6 83.4 ± 20.0 .5460 56.5 ± 20.6 54.3 ± 19.0 0.344

Protein intake, g/kg/day 1.6 ± 0.8 1.5 ± 0.5 .5336 0.8 ± 0.3 0.8 ± 0.3 0.570

Protein, % energy 18.9 ± 6.4 18.0 ± 2.9 .5839 17.6 ± 5.4 16.7 ± 4.8 0.214

Nutritional status

Alb, g/dL 3.6 ± 0.3 3.7 ± 0.3 .0835 4.0 ± 0.4 3.9 ± 0.4 0.202

Cr, mg/dL 9.9 ± 2.1 10.3 ± 2.2 .1945 9.8 ± 1.8 9.9 ± 2.0 0.787

TC, mg/dL 130.6 ± 32.7 137.0 ± 25.7 .5239 153.0 ± 42.0 167.7 ± 37.8 0.092

nPNA, g/kg 1.3 ± 0.3 1.1 ± 0.2 .1304 1.2 ± 0.2 1.1 ± 0.3 0.399

GNRI score 92.3 ± 4.5 94.6 ± 4.0 .0665 101.4 ± 6.5 100.5 ± 6.4 0.189

Table 4: Comparisons of dietary intake and nutrition status by age and appropriate energy requirement between baseline and follow-up on male subjects1.

Values are expressed as number, percentage, mean ± SD.
1The data was shown that the subjects whose DEI was higher or lower than AER was still higher or lower in follow-up compared with in baseline.
The AER was estimated form model 2 regression equation.
(< 60 years old) AER: 24.9 kcal/kg/day.
(≥ 60 years old) AER: 24.4 kcal/kg/day.
DEI: Dietary Energy Intake; AER: Appropriate Energy Requirement; Alb: Albumin; Cr: Creatinine; TC: Total Cholesterol; nPNA: Normalization of Protein Equivalent of 
total Nitrogen Appearance; GNRI: Geriatric Nutritional Risk Index
*Means significantly different at p < 0.05, Wilcoxon sign rank test.



Austin J Nutri Food Sci 4(1): id1074 (2016)  - Page - 07

Yang SH Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

for assessing ERs. The common methods for measuring energy 
expenditure are indirect calorimetry or prediction equations. 
Compared with indirect calorimetry, predictive equations are easily 
accessible, inexpensive, and require no specialized equipment [56,57]. 
Although numerous nutritional authorities have encouraged using 
the Harris and Benedict equation or the Schofield equation [58,59], 
these methods could reduce the level of accuracy among patients 
with different diseases. In Kamimura et al., both the Harris and 
Benedict and Schofield equations overestimated the resting energy 
expenditures of HD patients, but the errors were minimized by the 
presence of comorbidities [57]. To date, few studies have addressed 
the reliability of energy prediction equations for HD patients. When 
more recent studies were reviewed, there is a significant gap of 

< 60 years old  
Female (n = 19, 79.2%)

≥ 21.6 kcal/kg/day
(n = 8, 42.1%) p-value

<21.6 kcal/kg/day
(n = 11, 57.9%) p-value

Baseline Follow-up Baseline Follow-up

Dietary intake

Energy intake, kcal/kg/day 29.9 ± 5.9 28.2 ± 4.9 .4652 14.1 ± 3.0 16.1 ± 3.2 0.036*

Protein intake, g/day 58.6 ± 13.7 57.4 ± 16.0 .5904 37.1 ± 14.0 41.2 ± 14.5 0.319

Protein intake, g/kg/day 1.1 ± 0.2 1.1 ± 0.3 .6183 0.6 ± 0.2 0.6 ± 0.2 0.319

Protein, % energy 15.5 ± 3.3 20.5 ± 13.0 .4405 16.0 ± 3.3 15.6 ± 3.6 0.598

Nutritional status

Alb, g/dL 4.1 ± 0.5 4.1 ± 0.4 .7318 4.2 ± 0.3 4.2 ± 0.3 0.916

Cr, mg/dL 12.0 ± 3.7 11.9 ± 3.3 .8474 11.3 ± 1.0 11.0 ± 1.2 0.323

TC, mg/dL 194.1 ± 34.4 193.4 ± 32.9 .8226 192.3 ± 48.3 206.0 ± 53.6 0.272

nPNA, g/kg 1.3 ± 0.4 1.3 ± 0.4 .6263 1.2 ± 0.2 1.4 ± 0.3* 0.039*

GNRI score 99.8 ± 6.8 99.6 ± 5.2 .8367 104.3 ± 4.4 104.4 ± 4.2 0.915
≥ 60 years old 

Female (n = 22, 71.0%)
≥ 20.5 kcal/kg/day

(n = 11, 50.0%) p-value
<20.5 kcal/kg/day
(n = 11, 50.0%) p-value

Baseline Follow-up Baseline Follow-up

Dietary intake

Energy intake, kcal/kg/day 30.1 ± 6.7 30.7 ± 6.0 .5159 15.0 ± 3.7 16.1 ± 4.0 0.337

Protein intake, g/day 54.5 ± 13.5 60.2 ± 17.8 .0818 41.1 ± 9.9 46.2 ± 16.3 0.361

Protein intake, g/kg/day 1.2 ± 0.4 1.3 ± 0.5 .0998 0.7 ± 0.2 0.7 ± 0.2 0.439

Protein, % energy 15.8 ± 2.9 17.2 ± 4.3 .1548 17.3 ± 3.1 18.5 ± 3.6 0.396

Nutritional status

Alb, g/dL 3.7 ± 0.3 3.7 ± 0.4 .5780 3.8 ± 0.4 3.8 ± 0.3 0.441

Cr, mg/dL 8.6 ± 2.3 9.2 ± 2.7 .3579 9.5 ± 2.9 9.9 ± 2.4 0.453

TC, mg/dL 186.7 ± 54.3 180.6 ± 43.7 .5467 177.0 ± 55.6 189.8 ± 54.4 0.035*

nPNA, g/kg 1.1 ± 0.3 1.2 ± 0.4 .4981 1.1 ± 0.2 1.3 ± 0.2 0.074

GNRI score 92.1 ± 9.0 91.4 ± 8.9 .5920 98.4 ± 5.6 97.6 ± 5.8 0.435

Table 5: Comparisons of dietary intake and nutrition status by age and appropriate energy requirement between baseline and follow-up on female subjects1.

Values are expressed as number, percentage, mean ± SD. 
1The data was shown that the subjects whose DEI was higher or lower than AER was still higher or lower after 2 months compared with baseline. 
The AER was calculate form model 2 regression equation.
(< 60 years old) AER: 21.6 kcal/kg/day.
(≥ 60 years old) AER: 20.5 kcal/kg/day.
DEI, dietary energy intake; AER, appropriate energy requirement; Alb, albumin; Cr, creatinine; TC, total cholesterol; nPNA, normalization of protein equivalent of total 
nitrogen appearance; GNRI, geriatric nutritional risk index.
*Means significantly different at p < 0.05, Wilcoxon sign rank test.

knowledge regarding the accurate estimation of energy needs for 
patients undergoing HD.

Our study is advantageous because we develop population and 
disease-specific equations to adequately estimate the AER of HD 
patients Taiwan. The study populations are Taiwanese HD patients, 
compared with other common energy prediction equation, it will 
reduce the body compositions and AER differ among various 
ethnicities and enhance the level of accuracy among HD patients. 
We used the simple linear regression analysis to examine correlation 
between DEI (dependent variable) and demographic, anthropometric 
and biomedical variables (independent variable). And using multiple 
linear regression analysis with stepwise selection to evaluate the 
factors affecting DEI, then consider and adjust the factor which will 
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reduce the level of accuracy for the result of prediction equation, 
selection of an appropriate regression model to derive the adequate 
energy prediction equation. This is the first paper to derive the energy 
prediction equation for HD patients in Taiwan. 

This study was limited by the small number of patients, which 
increased the difficulty of determining significant differences and 
confounding factors. Future studies should use a large sample size 
to more accurately determine additional significant consequences. 
Referring to the K/DOQI guidelines, we used the DEI to develop 
a population- and disease-specific ER equation. However, an 
underreported DEI of participants could affect the accuracy of the 
results. Therefore, to confirm the result for Taiwanese HD patients, 
we suggest that future studies use indirect calorimetry to measure 
energy expenditure and estimate the AER.

Conclusion
For Taiwanese HD patients, we recommend AER of 21 to 25 kcal/

kg/day to maintain an ideal body weight and a healthy nutritional 
status, especially in HD patients ≥ 60 years old.
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