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Abstract

Background: The provision of hospital meals is considered a thera-
peutic intervention, and a therapeutic diet consisting of a post-dis-
charge meal sample is provided. For elderly patients who require 
long-term care, it is important to determine the significance of nu-
trition by taking into account hospital meals, including therapeutic 
meals for conditions such as diabetes. Therefore, it is important to 
identify the factors that influence this judgment. This study aimed to 
investigate the difference between the expected nutritional intake via 
nutritional interpretation and actual nutritional intake.

Methods: The study included 51 geriatric patients (77.7 ± 9.5 years; 
36 males and 15 females) who could eat meals independently. The 
participants completed a dietary survey to determine the perceived 
nutritional intake obtained from hospital meal contents. Additionally, 
we investigated the amount of hospital meal leftovers from the medi-
cal records and the amount of nutrients from the menus to calculate 
the actual nutritional intake. We calculated the amount of calories, 
protein concentration, and non-protein/nitrogen ratio from the per-
ceived and actual nutritional intake values. We then calculated the co-
sine similarity and conducted a qualitative analysis of factorial units 
to examine similarities between perceived and actual intake.

Results: Among factors that constituted the large cosine similarity 
group (gender, age, etc.), gender was found as a particularly signifi-
cant factor, with a high number of female patients (P = 0.014).

Conclusions: Gender was found to influence the appropriate inter-
pretation of the significance of hospital meals. The perception of such 
meals as samples for post-discharge dietary practice was more sig-
nificant among female patients. This demonstrated that in elderly pa-
tients, it is important to consider gender differences when providing 
diet and convalescence guidance.

Keywords: Geriatric patients; Hospital meals; Perceived; Actual; 
Cosine similarity; Non-protein calorie/nitrogen ratio

Introduction

Hospital meals promote disease healing and recovery by im-
proving/maintaining the patient’s condition and nutritional sta-
tus. They can also be considered as a sample for post-hospital 
diet therapy. However, if patients’ depth of interest in the in-
gredients, quantities, and cooking methods used for hospital 
meals is insufficient, the role and function of hospital meals 
cannot be properly applied.

The food perception of elderly individuals is influenced 
by the way ingredients are cut, the state of the broth, and the 
color of the plate on which the food is served [1]. In addition, 
patients with chronic illnesses such as chronic heart disease, 
chronic obstructive pulmonary disease, bronchial asthma, and 
diabetes are instructed that diet therapy during hospitalization 
is part of their treatment modalities. Therefore, to strictly fol-
low a therapeutic diet may become a mental burden in some 
cases. The level of such burden is also significantly affected 
by social factors such as X, Y and Z [2]. It is assumed that the 
perception level varies, such as in the extent to which hospital 
meals are considered important and the extent to which hos-
pital meals are deemed beneficial for treatment. We consid-
ered that understanding the factors contributing to disparities 
in the perception of hospitalized food as a whole, including 
both regular and therapeutic food, and actual intake would be 
crucial and beneficial in providing nutritional support follow-
ing hospital discharge.

The non-protein calorie/nitrogen (NPC/N) ratio, the bal-
ance of energy and protein, is considered to promote protein 
synthesis in the body. The NPC/N ratio indicates the amount of 
carbohydrates and protein that should be consumed per protein 
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intake to maximize protein utilization [3]. In previous studies, 
we have shown that differences in nutrient intake from break-
fast/lunch/dinner, which is calculated from nutritional intake 
obtained through hospital meals consumed by elderly patients 
might affect albumin (Alb) synthesis in the liver [4]. We also 
found that the NPC/N ratio in elderly patients’ nutritional in-
take may influence their discharge locations [5]. Additionally, 
we have demonstrated that to improve Alb levels at discharge, 
it might be useful to increase the proportion of carbohydrates 
within the permitted range in the NPC/N ratio of breakfast and 
improve non-protein energy intake obtained from breakfast 
[6]. Therefore, the NPC/N ratio can be applied to evaluate the 
nutrient composition of meals in this study.

The cosine similarity method is used to evaluate the simi-
larity of documents in natural language processing. Using the 
vectors formed by the documents and the angles made by the 
vectors, the similarity of two documents can be assessed [7, 8].

In this study, we focused to examine the difference between 
the expected nutritional intake by nutritional interpretation and 
actual nutritional intake. To create a nutritional-support meas-
ure based on the understanding of hospital meals provided to 
elderly patients that can be used in providing discharge sup-
port of elderly patients, we calculated the cosine similarity of 
the amount of protein, energy, and the NPC/N ratio. We ana-
lyzed the level of contribution of gender, age, type of hospital 
meal (regular diet or therapeutic diet), body mass index (BMI), 
Alb levels, and intake according to staple food and side dish 
to the similarity. Then, we conducted an analysis of factors 
that caused a discrepancy between perceived and actual intake 
values obtained from hospital meals using the same-direction 
vector group.

Materials and Methods

Participants

The target hospital was a small (48-bed) hospital providing 
care-mix medical care in Nada Ward, Kobe, Hyogo. Partici-
pants were chosen in a consecutive and nondiscriminatory 
manner from hospitalized patients. The participant sample in-
cluded 51 geriatric patients (aged 77.7 ± 9.5 years; quartile: 
68.5 - 85.0 years; 36 males and 15 females) who admitted to 
the target hospital from August 2021 to March 2023. The par-
ticipants had a chronic illness, who could independently eat 
hospital meals, and for whom dietary intake information could 
be obtained 1 month after hospitalization.

There was no double counting. However, patients with 
cognitive impairment and those who were deemed inappropri-
ate by the hospital director were excluded (Fig. 1).

Methods

Perceived nutritional intake

Perceived nutritional intake was defined as the expected intake 

based on the understanding of hospital meals. We conducted 
a dietary survey to determine the perceived nutritional intake. 
The expected value estimated from participant responses was 
considered the perceived nutritional intake. Using the brief-
type self-administered diet history questionnaire (BDHQ), we 
conducted dietary surveys 4 weeks after hospitalization. How-
ever, at less than 4 weeks after admission, participants were 
advised to respond with regard to meals during hospitalization 
after admission to our hospital. The dietary intakes of indi-
vidual patients were surveyed. The participants were asked to 
provide self-recorded responses to the questionnaire. From the 
nutritional amounts obtained from the BDHQ, we calculated 
the amount of calories, protein concentration, and NPC/N ra-
tio, which we utilized after normalization.

Actual nutritional intake

The actual nutritional intake was calculated based on the 
amount of leftovers and diet recipe. Then, we conducted a ret-
rospective search of medical records. In addition to the amount 
of leftovers at breakfast, lunch, and dinner, as well as the sta-
ple food and side dishes for 4 weeks after hospitalization, the 
survey items included basic attributes, comorbidities, type of 
hospital meal, and serum Alb levels at admission. BMI was 
calculated using height and weight. Based on the actual nu-
tritional intake, we calculated the amount of calories, protein 
concentration, and NPC/N, which we used after normalization.

Cosine similarity

Cosine similarity was calculated using two vectors: one ob-
tained from the perceived nutritional intake and one from the 
actual nutritional intake [9-11]. The calculation formula is as 
follows:
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a: Based on the calculation of the perceived nutritional in-
take, we obtained the normalized amount of calories, protein 
concentration, and NPC/N ratio; b: Based on the calculation 
of the actual nutritional intake, we obtained the normalized 
amount of calories, protein concentration, and NPC/N ratio 
(n = 51).

Analysis

Analysis included: 1) To determine the amount of calories, 
protein concentration, and NPC/N ratio of the 51 participants 
before normalization, the relationship between perceived and 
actual nutritional intake were examined. 2) The relationship 
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between cosine similarity and gender, age, type of hospital 
meal (normal diet or special therapeutic diet), BMI, Alb levels, 
and intake of staple foods and side dishes was investigated. 
By definition, cosine similarity expression ranges from -1 to 
1. A value of 1 indicates vectors of the same direction, i.e., 
completely similar, whereas a value of -1 indicates vectors of 
opposite directions, i.e., completely dissimilar. Therefore, we 
subsequently analyzed the data divided into two groups: the 
opposite-direction vector group and the same-direction vector 
group. 3) After dividing the two groups, including the oppo-
site-direction vector group (opposite-direction vector group: 
cosine similarity ≤ -0.1) and the same-direction vector group 
(same-direction vector group: cosine similarity ≥ 0.1), in the 
small cosine similarity group and the large cosine similarity 
group of each group, based on the mean cosine similarity, we 
compared gender, age, type of hospital meal (normal diet or 
special therapeutic diet), BMI, Alb levels, and the amount of 
intake according to the staple food and side dishes.

Analyses were performed using the Statistical Analy-
sis System (SAS) version 9.4 (SAS Institute Inc., Cary, NC, 

USA), and a P value of less than 0.05 was defined as statisti-
cally significant.

Ethical considerations

The Research Ethics Committee of Mukogawa Women’s Uni-
versity and Junior College approved this study on May 28, 
2022 (Approval No. 22-17). The study was conducted in com-
pliance with the ethical standards of the responsible institution 
on human subjects as well as with the Helsinki Declaration.

Results

We observed the following points from the analysis: 1) No cor-
relation was found between perceived and actual nutritional 
intake (Table 1). 2) There was no relationship between the co-
sine similarity and each item for the 51 participants (Table 2). 
3) Table 3 presents the results of the high awareness and low 

Figure 1. Scheme for subject recruitment and study workflow.
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awareness groups examined with each group divided based on 
the mean cosine similarity.

Furthermore, during the survey period, there was no 
change from a normal diet to a therapeutic diet for any patient, 
and hospital meals containing a consistent amount of nutrition 
were continuously provided. The mean staple food and side 
dish intake over 1 month were 96±10%, and 95±12%, respec-
tively in the 15 patients consuming a normal diet, 89±20%, 
and 94±8% respectively in the 15 patients consuming a diet for 
heart disease and hypertension, and 92±13%, and 93±11%, re-
spectively in the 10 patients consuming a diabetic diet. Moreo-
ver, on hospital meal slips, the ordered amount of dietary salt 
was 6.5 g/day for a normal diet, less than 6 g/day for a diet for 
heart disease and hypertension, and 6.5 g/day for a diabetic 
diet. Regarding potassium management, in all meal types, 
not a single patient was deprived of fresh fruit and vegetables 
and ordered to have water intake restricted. Regarding energy 
management, 1,600 kcal/day for a normal diet, and 1,600 kcal/

day for a diabetic diet were ordered. For other diet types, ap-
proximately 1,600 kcal/day were ordered. Furthermore, we 
surveyed the amount of meal intake for each individual. For 
example, the staple food changed from boiled rice to rice por-
ridge, or bread in accordance with the patient’s appetite, and 
changes in the nutritional amount were reflected in the actual 
nutritional intake. Therefore, it is unlikely that the amount of 
meal intake of each individual patient was affected by the dif-
ference in the meal type and nutritional restrictions.

Discussion

In the present study, we examined the similarity between elderly 
patients’ perceived and actual nutritional intake values calcu-
lated from hospital meals to develop nutritional-support meas-
ures that can be used for discharge support of elderly patients. 
The amount of calories, protein concentration, and NPC/N ratio 
were normalized and used for the vector data. The NPC/N ra-
tio was used because it can be used to assess the nutrient com-
position of meals. Then, we calculated the cosine similarity to 
determine how similar the directions of the two vectors were. 
The cosine similarity value was normalized to -1; therefore, in 
the 26 patients with vectors pointing in the same direction, we 
further analyzed the factors that cause a difference between the 
perceived and actual nutritional intake values (Fig. 1). The re-
sults indicated that gender was the factor of interest. The similar-
ity between perceived and actual nutritional intake values was 
higher in women, and women had an increased awareness of 
hospital meals as sample meals after discharge.

Furthermore, it is very interesting that in the low aware-
ness group, even when the cosine similarity value was nega-
tive, there were significantly more patients eating a therapeutic 
diet who had high cosine similarity than patients eating a nor-
mal diet. It is plausible that this might be affected by previous 

Table 2.  The Relationship Between Cosine Similarity and Each 
Item

ρ value P value
Sex 0.225 0.112
Age 0.063 0.662
Type of hospital meala 0.149 0.296
Body mass index 0.085 0.553
Alb -0.032 0.827
Intake (staple food) -0.242 0.087
Intake (side dish) -0.212 0.135

N = 51 (Spearman’s rank correlation coefficient). aThe relationship ac-
cording to whether there is a difference with a normal diet or special 
therapeutic diet.

Table 1.  Demographics

Demographics
Number of patients (male/female) 51 (36/15)
Age (years) 77.7 ± 9.5 (68.5 - 85.0)
Body mass index (kg/m2) 20.6 ± 4.4 (16.9 - 23.9)
Alb (g/dL) 3.3 ± 0.6 (2.9 - 3.8)
Perceived nutritional intake
  Energy (kcal) 1,157 ± 344a (959 - 1,316)
  Protein (g) 47.2 ± 16.9b (36.6 - 53.8)
  NPC/N 132.6 ± 29.3c (109.3 - 149.4)
Actual nutritional intake
  Energy (kcal) 1,402 ± 281a (1,269 - 1,631)
  Protein (g) 60.2 ± 9.3b (55.8 - 66.0)
  NPC/N 121.1 ± 25.2c (107.4 - 140.0)

Data are expressed as mean ± standard deviation. Inside is quartile. The main causes for admission included chronic heart failure, bronchial pneu-
monia, chronic obstructive pulmonary disease, and type 2 diabetes; however, these conditions had been treated in the acute care hospital. Thus, 
patients’ conditions became stable. The perceived nutritional intake is calculated basis of the diet history questionnaire. aρ < -0.001, P = 0.999. bρ = 
0.089, P = 0.535. cρ = 0.056, P = 0.709 (Spearman rank correlation). Alb: serum albumin; NPC/N: nonprotein calorie/nitrogen.
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empirical results.
In the present study, female patients exhibited higher simi-

larities between perceived and actual nutritional intake. This 
was assumed to involve the relationship between knowledge 
and skill between female and male patients in terms of meals. In 
the generation of elderly patients included in the present study, 
men worked outside, whereas women were devoted to house-
work and cooking. Therefore, women have greater knowledge 
and interests of meal composition and the nutritional value of 
meals, as well as higher cooking skills. Furthermore, among the 
participants of the present study, women place a higher prior-
ity on meal awareness. According to the results of a nationwide 
survey of 2,248 healthy adults in Japan, women place more em-
phasis on all criteria for food selection than men [12]. Moreover, 
it has been reported that as compared to men, women have more 
nutrition knowledge and are more adept at cooking techniques 
for all meals [12]. It has been found that there was a completely 
inverse relationship between men and women, i.e., for men, the 
greater the age, the lower the level of skill in cooking techniques 
for all meals, whereas, for women, the greater the age, the higher 
the level of skill in cooking techniques for all meals [12]. In the 
present study, there were significantly more women than men in 
the large cosine similarity group (the group with high similar-
ity), which is similar to the distribution of study population in 
previous studies showing female patients have more knowledge 
of all meals and a higher level of skill.

On the contrary, it was assumed that differences between 
men and women, such as their sense of values, needs, obsta-
cles, and nutrition and meal concerns, caused a discrepancy 
in the level of similarity. For example, in patients with dia-
betes mellitus, the three main types of treatment include diet 
therapy, exercise therapy, and pharmacotherapy. Although it is 
important to continuously manage these treatments indepen-
dently, treatment compliance differs due to gender differences 
[13]. According to the results of a qualitative analysis of the 

self-management experiences of men and women with type 2 
diabetes, it is important to consider gender differences while 
providing support for diabetes treatment. Men focused on the 
practical aspects of self-monitoring of blood glucose (SMBG) 
and attempted various aspects of management to reduce drug 
dependency, whereas women focused on the emotional ele-
ments of SMBG [14]. While men with type 2 diabetes have 
lower expectations for the benefits of self-management than 
women, it is emphasized that men value assistance from friends 
and family [15]. Diet therapy is an important part of diabetes 
care, and it is important to address it in a gender-sensitive man-
ner. In the present study participants, it was found that gender 
differences caused a difference between perceived and actual 
nutritional intake obtained through hospital meals. There-
fore, based on gender differences, it was suggested that it is 
advantageous to proceed with nutritional support, taking both 
emotional and practical aspects into account. Female patients 
with a higher similarity between perceived and actual nutri-
tional intake may consider hospital meals as instructional aids 
for diet therapy after discharge. In contrast, no similarity was 
found between perceived and actual intake in male patients, 
suggesting that male patients eat independently. Accordingly, 
it was determined that for male patients, repeated nutritional 
guidance within the permissible range using hospital meals as 
instructional aids would be necessary and beneficial.

Limitations of the study

The limitations of this study are as follows: it is a retrospective 
study rather than an interventional study; the participants are 
limited; and the number of cases is small as geriatric patients 
admitted to a small, local hospital were targeted. However, 
for questions regarding hospital meals and menus in everyday 
nutrition rounds, female patients had better perception com-

Table 3.  Comparison Between the High Awareness and the Low Awareness Group: Cosine Similarity Was Used to Stratify Each 
Group Based on the Mean Cosine Similarity

Group with low awareness of nega-
tive cosine similarity

Group with high awareness of posi-
tive cosine similarity

Small cosine 
similarity group

Large cosine 
similarity group P value Small cosine 

similarity group
Large cosine 
similarity group P value

Number of patients (male/female) 16 (14/2) 9 (5/4) 0.142 12 (11/1) 14 (6/8) 0.014*

Age (years) 80.0 (62 - 88) 80.0 (63 - 90) 0.777 73.0 (59 - 92) 80.5 (65 - 95) 0.135
Body mass index (kg/m2) 19.7 (15.2 - 25.8) 20.9 (14.4 - 26.1) 0.821 20.3 (13.2 - 29.2) 20.5 (13.4 - 31.8) 0.662
Alb (g/dL) 3.4 (2.0 - 4.1) 3.5 (2.0 - 4.7) 0.332 3.4 (2.4 - 4.1) 3.1 (2.4 - 4.1) 0.245
Cosine similarity -0.84 (-0.98 - -0.76) -0.49 (-0.69 

- -0.16)
< 
0.001***

0.41 (0.14 - 0.62) 0.90 (0.65 - 1.00) < 
0.001***

Type of hospital meal (a normal 
diet or special therapeutic 
diet) (normal/special)

16 (7/9) 9 (0/9) 0.027* 12 (5/7) 14 (3/11) 0.401

Intake (staple food) 1.00 (0.93 - 1.00) 1.00 (0.58 - 1.00) 0.199 1.00 (0.66 - 1.00) 0.99 (0.40 - 1.00) 0.053
Intake (side dish) 1.00 (0.86 - 1.00) 0.96 (0.66 - 1.00) 0.096 1.00 (0.81 - 1.00) 0.98 (0.54 - 1.00) 0.074

Intake is defined as 1.00 when the whole meal is eaten. Inside is quartile. *P < 0.05 (Chi-squared test). ***P < 0.001 (Welch’s t test). Alb: serum 
albumin.
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pared with male patients, which helped us to proceed with this 
study. Therefore, there are limitations in the interpretation of 
the results. The results should not be generalized because of 
the insufficient sample size. Nevertheless, the current result 
provides an excellent opportunity to validate this issue through 
a large-scale study in the future.

Conclusions

We calculated the cosine similarity between the perceived 
amount of nutritional intake and the actual amount of nutri-
tional intake obtained from hospital meals in elderly patients, 
focusing on the amount of calories, protein concentration, and 
NPC/N ratio. We found that the similarity and discrepancy be-
tween the two amounts were influenced by gender differences. 
There would be differences in values, knowledge, and needs 
regarding diet due to gender differences. Therefore, it is rec-
ommended that nutritional support might be considered from 
both practical and emotional aspects, taking gender differences 
into account.
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