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Abstract

Background: The nonprotein calorie/nitrogen (NPC/N) ratio of food 
remains poorly investigated. Thus, this study examined the nutritional 
factors that influence the choice of discharge destination for geriatric 
patients.

Methods: We retrospectively investigated the patient characteris-
tics, clinical laboratory test results, and hospital food consumption 
of 65 geriatric patients (80.0 ± 8.2 years; 31 males, 34 females), who 
were receiving oral nutritional support at a small mixed-care hospital 
and further explored their discharge destinations. The NPC/N ratios 
were calculated according to the menus for the meals provided dur-
ing the first 4 weeks after admission. For logistic regression analysis, 
the objective variables were discharge destinations (i.e., nursing care 
facilities including home or medical institutions) whereas the predic-
tor variables were age, sex, nursing care level, hospitalization dura-
tion, serum albumin level (Alb), estimated glomerular filtration rate 
(eGFR), and NPC/N ratio.

Results: Compared with age and nursing care level, sex (partial re-
gression coefficient (B) = -5.140, P = 0.002), hospitalization duration 
(B = 0.077, P = 0.004), Alb (B = 3.223, P = 0.013), eGFR (B = -0.071, 
P = 0.019), and NPC/N ratio (B = -0.224, P = 0.001) are significantly 
correlated with the selection of discharge destination.

Conclusions: For geriatric patients who went to medical institutions, 
the need for prolonged hospitalization, male sex, hospitalization dura-
tion, stable serum Alb, low eGFR, low NPC/N ratio (i.e., high protein 

proportion), and the quantity of hospital food consumed were the pos-
sible factors that influence their discharge destination.

Keywords: Discharge planning; eGFR; Follow-up; Hospital meal; 
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Introduction

As people age, they tend to become less sensitive to hunger, in-
dicating a diminishing appetite. Especially for the elderly during 
hospitalization, factors such as the etiology and pharmaceutical 
effects come into play, thus requiring prolonged hospital stay, 
although their condition becomes stable after completing treat-
ment in the acute healthcare facility. In some cases, meal quan-
tity and frequency can become irregular. This situation increases 
the risk of deficiency in energy or protein [1, 2].

The nonprotein calorie/nitrogen (NPC/N) ratio indicates 
the balance between protein and energy intake. Upsetting this 
balance carries the risk of affecting proper metabolism; hence, 
maintaining an appropriate balance between protein and en-
ergy when determining their required amounts is crucial [3].

Community-based integrated care wards at small, local 
mixed-care hospitals provide ongoing treatment and rehabilita-
tion for patients who have undergone acute rehabilitation or are 
awaiting admission into a nursing care facility with the aim of 
assisting patient discharge, preferably supported by a multidisci-
plinary team [4, 5]. When a patient is hospitalized, a registered 
dietician conducts a nutritional assessment and provides hospi-
tal meals. Appropriate nutritional support promotes patient dis-
charge, thereby making it fundamental for the discharge process.

Thus, this study aimed to investigate the nutritional factors 
that influence the selection of discharge destination for geriat-
ric patients admitted in a hospital, focusing on the estimated 
NPC/N ratios of the meals that the patients consumed while 
being hospitalized.

Materials and Methods

Subjects

The subjects included 65 geriatric patients (80.0 ± 8.2 years; 
31 males, 34 females) who were admitted in a small mixed-
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care hospital (48 beds) in Nada Ward, Kobe City, Hyogo Pre-
fecture, and who had received oral nutrition through hospital 
meals. Figure 1 illustrates a flow diagram of the selection cri-
teria. No double-counting transpired. However, we excluded 
those who had severe restrictions on protein intake (≤ 45 g/
day). Then, we retrospectively extracted basic patient attributes 
from medical records and explored their discharge destinations. 
The study period was from April 2019 to July 2020.

The included attributes were age during admission, sex, 
height, weight, comorbidity state, serum albumin level (Alb), 
blood glucose level, blood urea nitrogen, serum creatinine, es-
timated glomerular filtration rate (eGFR), nursing care level, 
hospitalization duration in days, discharge destination, hospi-
tal meal type provided, and hospital meal consumption pattern.

We calculated the body mass index (BMI) using the height 
and weight and scored the comorbidities according to the Carl-
son Comorbidity Index (CCI) [6].

Nursing care levels (from 1 (assistance required) to 5 
(nursing care required)) were re-scored on a scale of 1 to 7. 
Meanwhile, hospitalization duration was defined as the num-
ber of days from admission until discharge.

Furthermore, the discharge destination was investigated 
to determine whether it was a nursing care facility or a medi-
cal institution. Medical institutions included either hospitals 
or nursing and healthcare facilities for the elderly. “Home 
discharge” was categorized under nursing care facilities. [7]. 
All of the subjects underwent a structured rehabilitation pro-
gram.

To assess the subjects’ consumption of hospital food, we 
identified their consumption of main and side dishes during the 
first 4 weeks of hospitalization, as described in their medical 
records. The nutritional content of these dishes was estimated 
according to their corresponding menus. After quantifying 
their energy and protein content, we calculated their NPC/N 
ratios by using the following formula: (energy from carbohy-
drates and fats (in calories)) / (protein (in grams) × 0.16) = 
NPC/N ratio.

We selected these factors for the predictor variables based 

on the following reasons: 1) level of nursing care is an indica-
tor of a level of physical function; 2) duration of hospitaliza-
tion is an indicator of treatment efficacy (i.e., whether further 
treatment is required); 3) Alb is an indicator of nutritional sta-
tus; 4) eGFR is an indicator of organ function status with ag-
ing; and 5) NPC/N is an indicator of evaluating diet bias and 
nutritional balance.

Statistical analysis

Evaluation of NPC/N ratios

The NPC/N ratio stated in the hospital dietary rules (NPC/N 
ratio before eating) and the estimated NPC/N ratio based on 
food consumption (NPC/N ratio after eating) were assessed by 
paired t-test.

Search for factors that influence discharge destination

In conducting logistic regression analysis, we considered nurs-
ing care facilities or medical institutions as the objective vari-
ables, and age, sex, level of nursing care, duration of hospitali-
zation, serum Alb, eGFR and NPC/N ratio were considered as 
the predictor variables. For the NPC/N ratio, we determined 
the NPC/N ratio before and after eating and compared the re-
sults.

All statistical data were analyzed using the Statistical 
Analysis System (SAS) version 9.4 (SAS Institute Inc., Cary, 
NC, USA), and the significance was determined by two-tailed 
test in which P < 0.05 was considered to be statistically sig-
nificant.

Ethical considerations

The Research Ethics Committee of Mukogawa Women’s Uni-
versity and Junior College approved this study on March 15, 
2019 (Approval No. 18-85). In accordance with the Declara-
tion of Helsinki, the study content was explained to the sub-
jects beforehand and those who consented to participate were 
included in the study. We also secured a consent to use their 
sensitive, personal information while maintaining anonymity 
during the analysis.

Results

Subject demographics

As shown in Table 1, the main conditions included chronic 
heart failure, bronchial pneumonia, chronic obstructive pulmo-
nary disease, type 2 diabetes, lumbar compression fracture, hy-
pertension, hyperlipidemia, femoral neck fracture, Parkinson’s 
disease, disuse-related atrophy of the lower-limb muscles, and 
degenerative lumbar spondylosis. Meanwhile, comorbidities 

Figure 1. Flow diagram of the selection criteria for patients. Cr: cre-
atinine.
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included chronic hepatitis B, chronic hepatitis C, type 2 dia-
betes, lipid abnormality, gastric ulcer, iron-deficiency anemia, 
and constipation. The main conditions and comorbidities had 
been treated at the acute care hospital, and thus the patients’ 
conditions became stable.

PC/N ratio

As shown in Table 2, the average before eating NPC/N was 
138 ± 11 (maximum value: 148; minimum value: 118), where-
as the average after eating NPC/N was 135 ± 17 (maximum 

value: 218; minimum value: 103).
Hospital meals that were ordered for patients were as fol-

lows: 17 cardio/hypertension meals (26.2%), 15 diabetes meals 
(23.1%), 14 normal meals (21.6%), 8 liver meals (12.3%), 6 li-
pid abnormality meals (9.2%), 3 kidney meals (4.6%), 1 ulcer 
meal (1.5%), and 1 anemia meal (1.5%).

Investigation of factors that influence discharge destination

Nursing care facilities were selected for 51 patients, whereas 
medical institutions were selected for 14 patients.

Table 1.  Demographics

Number of patients (male/female) 65 (31/34)
Age (years) 80.0 ± 8.2
Body mass index (kg/m2) 20.8 ± 3.9
Charlson comorbidity index (score) 2.4 ± 1.4
Duration of hospitalization (days) 62.2 ± 39.3
Alb ((g/dL) 3.4 ± 0.5
FPG (mg/dL) 102.3 ± 28.9
BUN (mg/dL) 17.9 ± 7.3
Cr (mg/dL) 0.9 ± 0.3
eGFR (mL/min/1.73 m2) 66.9 ± 21.7
Not approved for nursing care service (number of patients) 6
Approved for nursing care service (number of patients) 59
  Assistance required 1 (number of patients) 0
  Assistance required 2 (number of patients) 6
  Nursing care required 1 (number of patients) 7
  Nursing care required 2 (number of patients) 13
  Nursing care required 3 (number of patients) 10
  Nursing care required 4 (number of patients) 16
  Nursing care required 5 (number of patients) 7

Data are expressed as mean ± standard deviation. The main diseases for admission included chronic heart failure, bronchial pneumonia, chronic 
obstructive pulmonary disease, and type 2 diabetes; however, these conditions had been treated in the acute care hospital, and thus, patients’ 
condition became stable. Alb: serum albumin; FPG: fasting plasma glucose; BUN: blood urea nitrogen; Cr: creatinine; eGFR: estimated glomerular 
filtration rate.

Table 2.  Hospital Food Consumption

Before eatinga After eatingb P value
Number of patients 65 65
Energy (kcal/day) 1,747 ± 119 1,341 ± 283 0.000c

Energy (kcal/kg/day) 36.2 ± 8.1 26.9 ± 5.7 0.000c

Protein (g/day) 62.5 ± 10.6 53.0 ± 10.4 0.000c

Protein (g/kg/day) 1.3 ± 0.4 1.1 ± 0.2 0.000c

NPC/N 138 ± 11.0 135.1 ± 16.6 0.246
NPC/N (maximum value - minimum value) (148 - 118) (218 - 103)

aCalorie intake calculated from the menu served to patients. bCalorie intake calculated from actual food consumption. cP < 0.001, paired t-test. Data 
are expressed as mean ± standard deviation. NPC/N: nonprotein calorie/nitrogen.
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Analysis using the NPC/N ratio after eating

Discharge destination had a significantly positive correla-
tion with hospitalization duration or serum Alb but had a sig-
nificantly negative correlation with sex, eGFR, or consumed 
NPC/N (Table 3). Most patients who went to nonhome desti-
nations were males, had long hospitalization duration, and did 
not have a low serum Alb level, but they had low eGFR and a 
low NPC/N ratio. Variables such as age and nursing care level 
did not influence discharge destination.

Analysis using the NPC/N ratio before eating

When using the NPC/N ratio before eating, we found no vari-
ables that influenced discharge destination (Table 4, Fig. 2).

Discussion

In the present study, we quantified the energy and protein 
consumption of geriatric patients at a small, local mixed-care 
hospital, calculated the NPC/N ratios of these diets, and identi-

fied dietary factors that had an influence in deciding patients’ 
discharge destination. When the analysis included the NPC/N 
ratios estimated from the actual diets that patients consumed, 
we clearly found that the factors associated with patients being 
discharged to medical institutions included the need for pro-
longed hospitalization, the male sex, hospitalization duration, 
stable serum Alb, low eGFR, and a low NPC/N ratio. However, 

Table 3.  Factors That Influence Discharge Destination Extracted Using the NPC/N Ratio Calculated From the Actual Food Con-
sumed (NPC/Na)

Partial regression coefficient OR
95% confidence interval

P value
Upper limit Lower limit

Age -0.017 0.983 0.851 1.14 0.815
Sex -5.090 0.006 0.000 0.272 0.008c

Nursing care level 0.255 1.290 0.626 2.680 0.485
Hospitalization duration 0.068 1.070 1.020 1.130 0.009c

Alb 3.186 24.200 1.600 365.000 0.022b

eGFR -0.073 0.930 0.875 0.988 0.019b

NPC/Na -0.222 0.801 0.698 0.920 0.002c

aNPC/N of food consumed, n = 65, logistic regression analysis. bP < 0.05. cP < 0.01. OR: odds ratio; Alb: serum albumin; eGFR: estimated glomerular 
filtration rate; NPC/N: nonprotein calorie/nitrogen.

Table 4.  Factors That Influence Discharge Destination Extracted Using the NPC/N Ratio Calculated From the Hospital Meal Menu 
(NPC/Na)

Partial regression coefficient OR
95% confidence interval

P value
Upper limit Lower limit

Age -0.082 0.921 0.809 1.050 0.211
Sex -1.599 0.202 0.030 1.360 0.100
Nursing care level 0.140 1.150 0.627 2.100 0.654
Hospitalization duration 0.020 1.020 0.986 1.060 0.243
Alb 0.247 1.280 0.155 10.600 0.818
eGFR 0.020 1.020 0.963 1.080 0.494
NPC/N¶ 1.541 4.670 0.000 0.000 0.995

aNPC/N calculated from hospital meal menu, n = 65, logistic regression analysis. OR: odds ratio; Alb: serum albumin; eGFR: estimated glomerular 
filtration rate; NPC/N: nonprotein calorie/nitrogen.

Figure 2. NPC/N before eating vs. after eating. NPC/N: nonprotein 
calorie/nitrogen.
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when the analysis used the NPC/N ratios calculated only from 
the nutritional information in the hospital dietary rules regard-
less of the actual quantities consumed by the patient, we found 
no factors that influenced the choice of discharge destination.

There was no significant difference in the mean NPC/N ra-
tios before and after eating. However, the NPC/N ratio after eat-
ing showed a significant negative association with the objective 
variable (discharge destination). This was probably due to the de-
gree of variance in both before and after eating NPC/N ratios. The 
maximum and minimum values of before-eating NPC/N were 
148 and 118, respectively, whereas those of after-eating NPC/N 
were 218 and 103, respectively. These results suggest that before-
eating and after-eating NPC/N are independent variables.

The NPC/N ratio indicates the appropriate quantity of pro-
tein required to produce favorable conditions for protein syn-
thesis in the body, and it determines the energy/protein balance 
based on food consumption [3]. A low NPC/N ratio means that 
protein has a large quantity in relation to energy. An NPC/N 
ratio of approximately 80 - 100:1 is desirable for patients un-
der severe stress from severe burns/physical injury, and a ratio 
of 100 - 150:1 is desirable for those with physical injury. The 
ratio decreases when a full dose of protein is required. Con-
versely, the NPC/N ratio increases to over 200:1 when protein 
intake must be restricted because of renal failure or other con-
ditions. An NPC/N ratio of approximately 150 - 200:1 is ap-
propriate for patients in a stable condition as long as their renal 
function is normal [3]. Providing food with a low NPC/N ratio 
(specifically, a protein-rich concentrated liquid food) reported-
ly reduces mechanical ventilation time and improves the me-
dium-term nutritional state of patients with severe emergency 
[8]. According to a published guideline, when managing the 
nutrition of newborns, providing food with an NPC/N ratio of 
200 - 250:1 is necessary to optimize nitrogen utilization with-
out stressing their immature kidney function [9].

We believed that the NPC/N ratios of the food consumed 
by our subjects were influenced by the type of hospital food 
ordered and the actual quantity consumed. Hospital meals are 
prepared according to patients’ clinical conditions and con-
tain protein and energy quantities specified by hospital dietary 
rules [10, 11]. Thus, different meal types have different NPC/N 
ratios. Accordingly, the NPC/N ratio of food ingested by a pa-
tient depends on which type of meal is ordered. Moreover, the 
actual quantity of food a patient consumes varies according to 
his or her appetite and personal predilections; these two factors 
influence not only the quantities of protein and energy ingested 
but also the NPC/N ratio.

In our study, 37 out of 65 subjects (57%) left part or all 
of their staple food and/or side dishes uneaten. Their reasons 
included “lack of appetite” and “too much rice,” and the quan-
tity of food left uneaten varied daily. Consequently, the NPC/N 
ratios also differed daily.

When we investigated the factors that influenced which 
destination a patient was discharged to and incorporated the 
NPC/N ratios of the food actually consumed, we clearly found 
that stable serum Alb levels, low eGFR, and low NPC/N ratios 
were the factors associated with discharge to medical institu-
tions. When the NPC/N ratios calculated from the hospital di-
etary rules were used for statistical analysis, no variables were 
associated with discharge destinations. Therefore, even when 

the influence of eGFR is eliminated, the NPC/N ratio that is 
estimated from the actual food consumed still significantly af-
fects the selection of discharge destination.

Serum Alb is a type of protein present in the blood, and 
low Alb often indicates undernutrition [12]. Protein intake is 
increased to improve serum Alb. Meanwhile, eGFR shows the 
estimated rate of filtration through the glomerulus, and a low 
eGFR indicates renal function decline [13]. When renal function 
decreases, protein intake is restricted as a part of the diet therapy 
[14]. A low NPC/N ratio indicates a high protein intake. When 
a diet is high in protein, serum Alb may improve, but the kid-
neys may be stressed, causing eGFR decline. In fact, 2.0 g/kg of 
body weight/day can increase the risk of renal dysfunction even 
in healthy elderly patients [15]. A prospective cohort study that 
investigated elderly women with mild renal dysfunction (eGFR: 
55.88 mL/min/1.73 m2) showed that a high protein intake (> 
1.3 g/kg/day) resulted in the deterioration of renal function [16].

In the current study, nonhome discharge positively corre-
lated with serum Alb but negatively correlated with eGFR or 
NPC/N ratio. Considering that the clinical laboratory test data 
we used were those from the time of admission, we could not 
identify which variable was the cause and which one was the 
result. However, a causal relationship clearly existed. There-
fore, the clinical condition of each geriatric patient should be 
paid attention to in order to facilitate discharge. According to 
the hospital dietary rules incorporated in this study, meals with 
low NPC/N ratios were for diabetes (118:1), lipid abnormal-
ity (129:1), and cardio/hypertension (134:1). Diabetes meals 
were ordered for 15 patients (23.1%), and the obtained results 
may potentially be biased. However, diabetes meal is ordered 
commonly for geriatric patients with metabolic diseases as 
a therapeutic diet. Therefore, when patients with low eGFR 
are involved, hospital meals should be reviewed, and patients 
should be stopped from eating merely what they prefer.

The nutritional status of geriatric patients with chronic dis-
eases may affect the selection of discharge destination. Hence, 
nutritional guidance should be provided while paying close at-
tention not only to primary disease and comorbidities but also 
to individual characteristics, such as decreased renal function.

Limitations of the study

Our subjects were geriatric patients who were admitted at a 
small, local mixed-care hospital in Nada Ward, Kobe City, Hy-
ogo Prefecture, and who could consume food orally. Hence, 
the sample size was small. Discharge destination is also influ-
enced by factors other than nutritional condition. These fac-
tors include social factors (e.g., the state of their family/their 
ability to care), financial factor, mental or psychological fac-
tors (e.g., cognitive dysfunction/depression), and their level of 
independence in everyday life. Therefore, the interpretation of 
the results is limited.

Conclusions

The selection of discharge destination can be influenced the 



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org710

Elderly Food Choices and Discharge Destination J Clin Med Res. 2020;12(11):705-710

need for prolonged hospitalization, by the food preferences of 
geriatric patients during hospitalization, low eGFR, and meals 
with a low NPC/N ratio (high in protein). For geriatric patients 
who were continuously prescribed with low-NPC/N diabetes 
meals or lipid abnormality meals, the meal type must be re-
viewed, and they should be given nutritional guidance on how 
to balance energy and protein through diet.
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