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Abstract

Background: The blood metabolome profiles depend on the meal 
intake time zone regardless of having the same meal. The serum al-
bumin (Alb) level, which is important in managing geriatric patients 
with chronic diseases, is included in the metabolome analysis. In 
this study, we aimed to examine the relationship between Alb and 
the nutritional value of hospital meals consumed at breakfast, lunch, 
and dinner among geriatric patients. Chrononutrition was considered 
while drawing inferences.

Methods: We retrospectively surveyed 52 geriatric patients with 
chronic diseases (aged 79.7 ± 8.7 years) admitted at a small-scale 
hospital providing combined healthcare measures and oral nutritional 
support. The dietary intake per kilogram of body weight of nutritional 
components for breakfast, lunch, and dinner was individually ex-
pressed as the ratio to the whole daily food intake. The dietary pattern 
was determined by principal component analysis. We also conducted 
linear regression analysis, with Alb as the dependent variable, and 
age, sex, and grade assigned in this study as well as the first, second, 
and third principal components of the dietary patterns as the inde-
pendent variables.

Results: Three principal components with an eigenvalue of > 1 were 
extracted. The second principal component was a significantly nega-
tive determinant factor for Alb (B = -0.108, P = 0.016). In patients 
with high Alb levels, the energy, protein, and fat ratios at lunch were 

positively correlated, while the energy and carbohydrate ratios at din-
ner were negatively correlated. Mealtimes were fixed.

Conclusions: The results of this study showed that the dietary pat-
tern predominantly observed in patients with high Alb levels may be 
positively associated with Alb synthesis.

Keywords: Dietary pattern; Geriatric patient; Principal component 
analysis; Serum albumin; Meal time zone

Introduction

In our modern society, the consumption timing of daily re-
quired dietary and nutritional intake that can benefit the health 
of geriatric patients with chronic diseases has gained increas-
ing attention. When considering sarcopenia and frailty preven-
tion, the nutritional status should be determined by identifying 
the indices that are deeply related to nutritional and physical 
strengths. Chrononutrition aims to elucidate the differences in 
the effective timings of dietary and nutrition intake for health 
maintenance and improvement by considering the fluctuations 
in physiological functions controlled by the biological clock 
[1].

Serum albumin (Alb) is a protein produced only in the 
liver. It reflects the nutritional status of the whole body and 
is a good index of undernutrition. Thus, Alb has become one 
of the important nutritional assessment indices in the nutrition 
support team [2, 3].

Our local small-scale hospital, which provides com-
bined healthcare measures, caters continuous treatment and 
rehabilitation to geriatric patients, who have completed their 
acute-phase treatment, and are either awaiting admission 
to nursing facilities or discharge support receive. In such 
cases, registered dietitians should provide appropriate nutri-
tional support by determining the patients’ nutritional intake 
for breakfast, lunch, and dinner. Selection of the discharge 
destination of geriatric patients is influenced by their non-
protein caloric/nitrogen (NPC/N) intake after hospital meal 
consumption [4].

Hence, this study aimed to improve the factors influencing 
Alb in geriatric nutritional management and analyze the effects 
of dietary nutritional composition and meal timing.
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Materials and Methods

Subjects

Between April 2019 and July 2020, this study enrolled 52 geri-
atric patients (79.7 ± 8.7 years; 33 males, 19 females) who 
appeared in our previous study [4] and were admitted at a 
small-scale (48-bed capacity) hospital that provides combined 
healthcare measures, in Nada Ward, Kobe City in Hyogo Pre-
fecture. These patients, who had fixed dietary and living times 
and were under oral nutritional support, responded to our self-
administered survey.

Figure 1 illustrates the flow diagram of subject recruit-
ment and study workflow. No double counting transpired. We 
excluded patients with severe protein intake restrictions (≤ 45 
g/day) and those with a C-reactive protein of ≥ 2 mg/dL. In ad-
dition, no patient exhibited protein-losing gastroenteropathy.

Furthermore, we extracted the following survey items 
from the medical records: basic attributes during hospitaliza-
tion, comorbidities, body mass index, serum albumin level 
(Alb), blood biochemical data, nursing care level, hospitaliza-
tion duration, and intake types at each meal/side dish 4 weeks 
after hospitalization.

Comorbidities were scored according to the Charlson Co-
morbidity Index [5]. For the nursing care level, we used the 
standard recognized by the long-term care insurance system 
[6]; those patients requiring assistance of 1 - 2 were assigned to 
numbers 1 - 2, while those requiring nursing care of 1 - 5 were 
assigned to numbers 3 - 7 (Table 1). Hospitalization duration 
was the number of days from hospital admission to discharge.

With the patient in the supine position, fasting blood sam-
ples were collected in the morning.

Extraction of dietary patterns

The hospital meal intake status was structurally determined by 
12 variables, which were regarded as dietary patterns in prin-
cipal component analysis. The principal component extraction 
standard was an eigenvalue of ≥ 1, and the factor loading for 
the food groups representing the principal components was set 
at ≥ 0.30.

The dietary intake per kilogram of body weight (BW) for 
breakfast, lunch, and dinner nutritional components was indi-
vidually expressed as a ratio of the 12 variables to total daily 
food intake. Thus, cases were adjusted for the variety of hos-
pital meals, which were based on the subject’s preference and/

Table 1.  Numerical Notations of Nursing Care Level

Grade defined by the long-
term care insurance act

Mild ← Breakdown → Severe
Assistance 
required 1

Assistance 
required 2

Nursing care 
required 1

Nursing care 
required 2

Nursing care 
required 3

Nursing care 
required 4

Nursing care 
required 5

Grade assigned in this study 1 2 3 4 5 6 7

Figure 1. Scheme for subject recruitment and study workflow. Cr: creatinine.
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or the physician’s discretion. The hospital meals consisted of 
various regular and medical diet recipes, with the staple food 
ranging from rice to porridge or bread. Below is a sample for-
mula for calculating breakfast energy ratio.

Breakfast energy (B En) ratio = (Breakfast energy intake 
(kcal/BW kg/day))/(daily total energy intake (kcal/BW kg/day))

We used the same formula for calculating the following 
variables: breakfast protein (B Pro), breakfast fat (B Fat), 
breakfast carbohydrate (B Carb), lunch energy (L En), lunch 
protein (L Pro), lunch fat (L Fat), lunch carbohydrate (L Carb), 
dinner energy (D En), dinner protein (D Pro), dinner fat (D 
Fat), and dinner carbohydrate (D Carb) ratios.

Relationship between dietary patterns and Alb

The relationship between dietary patterns and Alb was exam-
ined by linear regression analysis. Alb was set as the depend-
ent variable, whereas age, sex, and grade assigned in this study 
as well as first, second, and third principal components were 
used as the independent variables.

Statistical analysis

All statistical data were analyzed by Statistical Analysis Sys-
tem (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA). 
The significance level was set as < 5% in the two-sided test.

Ethical considerations

This study was approved by the Research Ethics Committee of 
Mukogawa Women’s University and Junior College on March 
15, 2019 (Approval No. 18-85), and was conducted according 
to the principles of the Declaration of Helsinki. We obtained 
the subjects’ informed consent, with the assurance that they 
would remain anonymous and could withdraw from the study 
anytime.

Results

Subject demographics

The main conditions included chronic heart failure, bronchial 
pneumonia, chronic obstructive pulmonary disease, type 2 
diabetes, lumbar compression fracture, hypertension, hyper-
lipidemia, femoral neck fracture, Parkinson’s disease, disuse-
related atrophy of the lower-limb muscles, and degenerative 
lumbar spondylosis. Meanwhile, comorbidities included 
chronic hepatitis B, chronic hepatitis C, type 2 diabetes, lipid 
abnormality, gastric ulcer, iron-deficiency anemia, and consti-
pation. The main conditions and comorbidities had been treat-
ed at the acute care hospital, and thus the patients’ conditions 
became stable (Table 2).

Mealtimes were 8:00 am (breakfast), 12:00 pm (lunch), 
and 6:00 pm (dinner), and we cleared the table an hour after 

meals were served.
Energy intake according to types of meals was 10.3 ± 

2.6 kcal/BW kg/day (breakfast), 11.5 ± 3.1 kcal/BW kg/day 
(lunch), and 11.1 ± 3.0 kcal/BW kg/day (dinner), whereas pro-
tein intake was 0.3 ± 0.2 kg/BW kg/day (breakfast), 0.4 ± 0.1 
kg/BW kg/day (lunch), and 0.5 ± 0.1 kg/BW kg/day(dinner) 
(Table 2). No patients met the criteria for excessive or insuf-
ficient daily required nutritional intake based on requirements 
prescribed by the primary physician.

The nutrition quantity of the hospital meals at breakfast, 
lunch, and dinner was almost evenly distributed (Table 3).

Extraction of dietary patterns

Three principal components with an eigenvalue of > 1 were 
extracted, which accounted for 87.3% of total variance. Com-
ponents with a nutrition intake ratio of ≥ 0.30 were selected as 
the principal component loadings for interpretation of dietary 
patterns according to the principal components. Factor load-
ings of the three principal components are shown in Table 4.

In the first principal component, the L En ratio (0.327) 
was positively correlated, whereas the B En (-0.425), B Pro 
(-0.338), B Fat (-0.323), and B Carb (-0.303) ratios were nega-
tively correlated.

In the second principal component, the D En (0.430) and 
D Carb (0.417) ratios were positively correlated, whereas the 
L Pro (-0.435), L Fat (-0.343), and L En (-0.327) ratios were 
negatively correlated.

In the third principal component, the B Carb (0.417), D 
Pro (0.394), and D Fat (0.368) ratios were positively corre-
lated, whereas the L Carb (-0.432) and B Fat (-0.367) ratios 
were negatively correlated.

Relationship between dietary patterns and Alb

The second principal component was a significantly negative 
determining factor for Alb (B = -0.108, P = 0.016, Table 5). 
In other words, the dietary pattern of patients with high Alb 
levels was “characterized by the L En, L Pro, and L Fat ratios 
showing a positive correlation, and the D En and D Carb ratios 
showing a negative correlation.”

No associations were observed between the first and third 
principal components and Alb. Furthermore, the first, second, 
and third principal components were not associated with the 
geriatric and prognostic nutritional indices and nutritional sta-
tus control (Supplementary Materials 1-3, www.jocmr.org). 
Evaluation of whether the scores of the second principal com-
ponent were associated with age, sex, grade assigned in this 
study and Alb revealed that they were negatively correlated 
with Alb (ρ = -0.399. P = 0.005, Supplementary Material 4, 
www.jocmr.org).

Discussion

This study demonstrated that with respect to the indicated 
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Table 2.  Demographics

Number of patients (male/female) 52 (33/19)
Age (years) 79.7 ± 8.7 (75.0 - 86.0)
Body mass index (kg/m2) 21.2 ± 4.0 (17.8 - 24.4)
Charlson Comorbidity Index (score) 2.4 ± 1.3 (2.0 - 3.0)
Duration of hospitalization (days) 52.6 ± 36.7 (27.8 - 64.8)
Alb (g/dL) 3.4 ± 0.5 (3.0 - 3.8)
FPG (mg/dL) 101.1 ± 24.1 (89 - 106)
BUN (mg/dL) 20.2 ± 11.8 (13.0 - 22.5)
Cr (mg/dL) 1.0 ± 0.6 (0.67 - 1.18)
eGFR (mL/min/1.73 m2) 60.9 ± 24.7 (42.4 - 72.4)
GNRI (score) 91.0 ± 12.5 (84.1 - 97.9)
PNI (score) 41.6 ± 5.9 (38.7 - 45.8)
CONUT (score) 3.7 ± 2.2 (2.8 - 4.5)
Not approved for nursing care service, n 7
Approved for nursing care service, n 45
  Breakdown
    Assistance required 1, n 1
    Assistance required 2, n 3
    Nursing care required 1, n 7
    Nursing care required 2, n 16
    Nursing care required 3, n 6
    Nursing care required 4, n 6
    Nursing care required 5, n 6
  Nutrient intake
    Energy intake (kcal/BW kg/day) 33.0 ± 8.4 (26.1 - 37.2)
      Breakfast (kcal/BW kg/day) 10.3 ± 2.6 (8.4 - 12.4)
      Lunch (kcal/BW kg/day) 11.5 ± 3.1 (9.3 - 12.8)
      Dinner (kcal/BW kg/day) 11.1 ± 3.0 (8.6 - 13.5)
    Protein intake (g/BW kg/day) 1.2 ± 0.3 (1.0 - 1.4)
      Breakfast (g/BW kg/day) 0.3 ± 0.1 (0.3 - 0.4)
      Lunch (g/BW kg/day) 0.4 ± 0.1 (0.4 - 0.5)
      Dinner (g/BW kg/day) 0.5 ± 0.1 (0.4 - 0.6)
    Fat intake (g/BW kg/day) 0.9 ± 0.3 (0.7 - 1.1)
      Breakfast (g/BW kg/day) 0.3 ± 0.1 (0.2 - 0.4)
      Lunch (g/BW kg/day) 0.3 ± 0.1 (0.2 - 0.3)
      Dinner (g/BW kg/day) 0.3 ± 0.1 (0.2 - 0.4)
    Carbohydrate intake (g/BW kg/day) 5.0 ± 1.3 (4.0 - 5.7)
      Breakfast (g/BW kg/day) 1.5 ± 0.4 (1.2 - 1.7)
      Lunch (g/BW kg/day) 1.8 ± 0.5 (1.4 - 2.1)
      Dinner (g/BW kg/day) 1.7 ± 0.5 (1.3 - 2.0)
    NPC/N mean 140.6 ± 10.6 (135.2 - 148.3)
      Breakfast 163.6 ± 16.1 (150.6 - 177.2)
      Lunch 139.1 ± 16.7 (129.1 - 152.8)
      Dinner 126.1 ± 10.8 (121.4 - 131.4)

Data are expressed as mean ± standard deviation. Inside is quartile. The main diseases 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, and thus, 
patients’ condition became stable. Alb: serum albumin; FPG: fasting plasma glucose; BUN: blood urea nitrogen; Cr: creatinine; eGFR: estimated glo-
merular filtration rate; BW: body weight. GNRI: geriatric nutritional risk index; PNI: prognostic nutritional index; CONUT: controlling nutritional status; 
NPC/N: nonprotein caloric/nitrogen.
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quantity, the energy and protein intake of geriatric patients 
hospitalized at a local small-scale hospital providing combined 
healthcare measures was not excessive or deficient. The meals 
were consumed at particular times, and the nutritional compo-
sitions were related to Alb. We considered the intake status at 

breakfast, lunch, and dinner with respect to each nutrient as a 
dietary pattern and examined its relationship with Alb by linear 
regression analysis. Results showed that the second principal 
component had a significantly negative correlation with Alb. 
Thus, “a dietary pattern characterized by the positively cor-

Table 3.  Nutritional Composition of the Hospital Meal Menu

Breakfast Lunch Dinner Mean
Ratio to daily intake of each nutrient (%)
  Energy intake 31.3 ± 2.7 34.9 ± 1.8 33.8 ± 2.3 -
  Protein intake 27.6 ± 2.7 35.4 ± 2.4 37.0 ± 2.6 -
  Fat intake 34.5 ± 5.4 32.2 ± 4.3 33.3 ± 4.3 -
  Carbohydrate intake 30.9 ± 3.0 36.0 ± 2.0 33.1 ± 2.2 -
Energy ratio of each nutrient (%)
  Protein/energy ratio 13.5 ± 2.0 16.3 ± 2.0 17.5 ± 2.1 15.8 ± 1.5
  Fat/energy ratio 27.7 ± 6.0 24.3 ± 4.7 26.3 ± 4.2 25.8 ± 3.7
  Carbohydrate/energy ratio 59.7 ± 6.9 59.3 ± 5.7 56.2 ± 5.7 58.5 ± 4.4
Menu characteristics The main staple provided is bread 

or porridge, the side dishes provided 
are milk, fruits (fresh or canned food/
jelly) and sides (vegetable dishes). 
In addition, bread comes with jam 
and butter, and porridge comes with 
seaweed/pickled plum paste.

Set menu of rice or porridge as 
the main staple, and a main dish 
with 2 - 3 sides as the side dishes. 
Eggs/fish/meat, soy products and 
vegetables/fruits are used as the 
ingredients. Noodles or special 
menu are provided at lunch.

Data are expressed as mean ± standard deviation.

Table 4.  Dietary Pattern

Nutrient intake ratio
Dietary pattern

First factor Second factor Third factor
Breakfast
  En ratio -0.425* -0.074 0.127
  Pro ratio -0.338* 0.171 -0.249
  Fat ratio -0.323* 0.134 -0.367*
  Carb ratio -0.303* -0.201 0.417*
Lunch
  En ratio 0.327* -0.327* -0.211
  Pro ratio 0.200 -0.435* -0.046
  Fat ratio 0.224 -0.343* 0.170
  Carb ratio 0.270 -0.156 -0.432*
Dinner
  En ratio 0.287 0.430* 0.026
  Pro ratio 0.235 0.264 0.394*
  Fat ratio 0.236 0.200 0.368*
  Carb ratio 0.213 0.417* -0.244
Variance explained by each factor (eigenvalue) 2.278 1.733 1.512
Proportion of variance (%) 43.2 25.0 19.1
Cumulative proportion (%) 43.2 68.2 87.3

*|load| > 0.300 were considered as an important factor (in module). En: energy; Pro: protein; Carb: carbohydrate.
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related L En, L Pro, and L Fat ratios and the negatively corre-
lated D En and D Carb ratios” could influence Alb metabolism 
positively.

In an investigation related to meal timing, Takahashi et al 
comprehensively compared the metabolic dynamics in blood 
at breakfast and dinner by using the Human Metabolome Data-
base. Their study results suggested that the metabolic activities 
of the energy-generating and biological component synthesis 
systems, especially, glycolysis, tricarboxylic acid cycle (TCA) 
cycle, and amino acid metabolism, were higher at breakfast 
than at dinner [7].

In a study on the meal timing of functional food (Jerusa-
lem artichoke powder; water-soluble dietary fiber) in subjects 
aged ≥ 65 years, the intake before breakfast more significantly 
correlated with the reduction of diurnal blood glucose and in-
crease of the intestinal flora than that before dinner [8].

In the present study, the patients with high Alb levels ex-
hibited “a dietary pattern characterized by the L En, L Pro, and 
L Fat ratios showing a positive correlation and the D En and D 
Carb ratios showing a negative correlation.”

Inflammation, severe liver dysfunction, and protein-los-
ing gastroenteropathy substantially affect Alb levels; how-
ever, in this study, no patients experienced these diseases. On 
the basis of this fact, we thought that the amount of nutritional 
intake according to meal timing may be associated with Alb 
synthesis.

As the intake status of hospital meals differs depending 
on types and conditions of chronic diseases and oral condi-
tions, hospital staff adjusted the hardness of staple foods and 
types of side dishes. Patients were allowed to maintain a daily 
required nutritional quantity by consuming several types of 
hospital foods. They were served three hospital meals a day 
(i.e., breakfast, lunch, and dinner). However, we thought that 
the daily required nutritional quantity differed among the pa-
tients because of their food preferences. To standardize the 
nutritional quantity as much as possible, we divided meals 
into breakfast, lunch, and dinner and then classified nutrients 
into energy, protein, fat, and carbohydrates. Subsequently, the 
dietary intake per kilogram of BW was calculated and the re-
sulting value was expressed as the ratio to the whole daily 
food intake.

No excessive or insufficient nutrient intake was observed 
in terms of the total nutrient quantity through a simple cal-
culation. This was a reasonable result because the hospital 
staff considered nutritional balance when they planned pa-

tient meals. This enabled homogenous daily nutrient quantity, 
although there were some variations in the nutrient intake at 
breakfast, lunch, and dinner.

However, principal component analysis (which was per-
formed to obtain lower-dimensional data while preserving as 
much of multidimensional characteristics of nutrient quantity 
for breakfast, lunch, and dinner as possible) revealed a nega-
tive correlation between the second principal component and 
Alb.

In terms of the second principal component, a positive cor-
relation was observed in the following factors in patients with 
high Alb levels: the energy, protein, and fat ratios at lunch. In 
contrast, a negative correlation was found in the energy and 
carbohydrate ratios at dinner.

Given that protein, fat, and carbohydrate are nutrients that 
produce energy, nutritional compositions in which the energy 
ratio of protein and fat increases at lunch but that of carbohy-
drate decreases at dinner within the allowable range may be 
associated with high Alb levels.

As the age advances, disruption in body clock rhythm 
worsens. Ando et al analyzed the factors correlating with the 
expression level of the clock gene messenger RNA (mRNA) 
in peripheral blood cells in 99 healthy subjects (29 males; av-
erage age, 56 years). They found that the factors age, wake-up 
time, drinking amount, and fasting blood glucose level had a 
significantly inverse correlation with at least one of the meas-
ured clock genes. That is, those who were elderly, who woke 
up late, who drank heavily, and who had high fasting blood 
glucose levels had an impaired body clock [9, 10]. However, 
the present study found that even elderly people can still pos-
sibly improve their disturbed clock function depending on 
the environment. Through light, proper nutrition that ensures 
quality and quantity, timing of eating, and dynamic interac-
tion between them, hepatocyte function can be remarkably 
improved. Our subjects were geriatric patients at a care-mix 
hospital, where a systematic care program for meals, reha-
bilitation, and bathing was performed along the time axis 
throughout the day.

Light/dark cycle and mealtimes are related to body clock 
rhythm. Given that our subjects were treated at the care-mix 
hospital where these time frames were fixed, meal timing may 
be involved in Alb synthesis.

To investigate why the subjects’ feeding behavior was em-
phasized more at lunch than at dinner, we analyzed the menu 
contents. At lunch, noodle dishes were preferred because of 

Table 5.  Multiple Regression Models of Serum Albumin

Regression coefficient Standard error t value P value
Age -0.010 0.012 -0.833 0.410
Sex 0.162 0.165 0.984 0.331
Grade assigned in this study -0.040 0.046 -0.860 0.395
First factor -0.048 0.036 -1.320 0.194
Second factor -0.100 0.045 -2.228 0.032*
Third factor -0.014 0.051 -0.274 0.786

*P < 0.05 (n = 52).
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palatability, and a special menu called “event food”, which 
had more nutrition quantity than the usual one, was occasion-
ally provided. These menu choices were unavailable at dinner. 
Therefore, emphasizing more on the feeding behavior at lunch 
than on any daily eating behavior would be better.

Chrononutrition has shown that the regulation of biologi-
cal clock, which forms a rhythm of approximately 24 h in a 
day, is important in health maintenance.

In the biological clock, a group of genes called clock 
genes regulates the expression of various genes rhythmically, 
mainly at the transcription level. The central nervous system 
and the cells of peripheral tissues such as liver tissues are in-
volved in the biological clock. The liver is the body’s central 
organ of metabolism. The expression of many genes in the 
liver exhibits a circadian rhythm and allows for metabolism 
regulation [11-15]. Furthermore, light is an important factor 
that resets (synchronizes) the fine misalignment of biological 
clocks among cells; however, food intake can be a stronger 
factor than light [16].

Under the nighttime light, the body clock, especially the 
peripheral clock, can be disrupted by physical activities and 
late-night supper ingestion. Disorders in peripheral clocks 
such as the liver and adipose tissues would cause disruption 
in the homeostasis of glucose and lipid metabolism, causing 
lifestyle-related diseases, such as obesity and type 2 diabetes 
[17-20]. The appropriate biological clock can be achieved by 
considering not only the content and quantity of meals and nu-
trition but also meal time; thus, meal timing is important.

Liver clock can be normalized by breakfast but disrupted 
by late-night supper. Despite the same high-carbohydrate diet 
is consumed at breakfast and at dinner, the two meals obtained 
different pathways related to glycolysis and the TCA cycle, 
which determine glucose metabolism [21-23]. It appears that 
normalization of liver clock improves Alb metabolism in the 
liver.

In terms of clinical significance, Alb is indeed important 
as a nutritional assessment index for geriatric patients. Alb 
can be easily measured in clinical settings; hence, it is used as 
one of the indices to assess the nutritional status of the whole 
body. When blood Alb concentration decreases, liver disor-
ders caused by undernutrition or decreased liver synthesis, and 
nephrotic syndrome with renal Alb loss, are considered [24]. 
Decreased blood Alb level is also a risk factor for diseases 
that affect lifespan prognosis, such as ischemic heart disease 
and cerebral infarction [25]. Therefore, when a low serum Alb 
level is combined with sarcopenia in the elderly, the risk of 
incidental disorders such as falls also increases, indicating an-
other health issue [26].

Once hypoalbuminemia occurs, the risk of sarcopenia ag-
gravation increases, and the compensatory loss of muscle pro-
teins with decreased protein synthesis also worsens. Therefore, 
Alb improvement should be prioritized, especially in the el-
derly. In clinical nutrition, intake of high-quality proteins with 
a high protein score is recommended for patients with low Alb 
levels and inadequate protein intake. Induction of body protein 
synthesis and improvement of the NPC/N ratio, which is the 
energy/protein balance, are crucial for nutritional support [27]. 
Our study results suggest “prioritizing lunch in meal timing 
and prioritizing protein in the nutritional composition ratio of 

lunch within the permissible range” as an additional recom-
mendation.

Conclusions

On the basis of the relationship between meal timing and 
Alb, the following process will be required to positively 
synthesize Alb in geriatric patients: provision of a menu that 
ensures the daily required nutritional quantity, prioritizing 
proteins within the permissible range, and is highly palatable 
at lunch.

Limitations of the study

The sample size was small, which included geriatric patients 
admitted and receiving oral nutritional support at a local small-
scale, care-mix hospital in Nada Ward, Kobe City at Hyogo 
Prefecture. The number of cases was also inadequate. This was 
a retrospective study, and not a prospective or an interventional 
one. Therefore, restrictions in the interpretation of results are 
undeniable. Nevertheless, our results suggested that the con-
cept of chrononutrition should be added to existing nutritional 
concepts in clinical practice.
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