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[Review])

An Immunopharmacological Study on Diseases caused by Th1/Th2
Imbalance and Their Therapeutic strategy

Hiroichi Nagai' Ph D and Miki Kawada' MsD, MD

Abstract

Immune system imbalances cause chronic inflammation and chronic diseases. Recovering from
immunologic imbalance is one important treatment to keep health and cure illness. Among the
imbalances of the immune system, the balance between T helper 1 cells (Th1) and Th2 cells (Th2)
have received extensive attention owing to their indispensable role in allergic diseases, autoimmune
diseases, infertility, cancer and others.

When Th1 function is inadequate, chronic infectious diseases and cancer often develop. Some
cytokines including interleukin — 2 have been tried to adjust Thl and Th2 (Th1/Th2) immune
balance in treatment of the diseases.

In the case of excessive Thl function, organ-specific autoimmune diseases such as Hashimoto’s
thyroiditis and type 1 diabetes have been caused. Immunosuppressive drugs are widely used in the
therapy of such diseases.

When Th2 function is inadequate, severe chronic infections against extracellular parasites and
bacteria have been caused. Vaccination is the most effective treatment of these diseases.
Individuals with excessive Th2 function are at higher risk of allergic and systemic autoimmune
diseases such as systemic lupus erythematosus.

Suplatast, which we discovered, is the only Th2-suppressing drug approved for clinical use, and in
Japan it is used for the treatment of allergic diseases.

Drugs that correct Th1 /Th2 imbalance are expected to serve as a new means of immunotherapy;
however, because of concerns about side effects arising from such correction, their use requires

careful monitoring of T cell subsets and should be administered with caution.
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1. Introduction

Immune response is the mobile defense
system of our body and a complex system
beyond our understanding. It is a complex
network of cells and organs that work
together to protect our body from infection
and disease. Balanced immune function is
essential to health and disease
protection. Immune system imbalances cause
chronic inflammation and chronic diseases,
therefore, recovering the immunologic
imbalance is one of the important treatments
to maintain health and cure illness.

Among the imbalances of immune system,
the balance between T helper 1 cells (Th1)
and Th2 cells (Th2) has received extensive
attention owing to its indispensable role in
allergic diseases, auto-immune diseases,
infertility, cancer and others (Lei , 2022, Ye
2025, Oglulur 2025).

Back in the late 1980s, in vivo research
revealed that T-helper cells express different
cytokine pathways and as a result, Thl and
Th2 are two key subsets of Th cells that exist
in relative equilibrium through the secretion
of cytokines that suppress their respective
immune response (Mosmann 1986). Thl
cells produce interferon-gamma (IFN-y),
interleukin (IL)-2, and tumor necrosis factor-
alpha (TNF-a), which activate macrophages
and are responsible for cell-mediated
immunity and phagocyte-dependent
protective responses. By contrast, Th2
produce IL-4, IL-5, IL-10, and IL-13, which

are responsible for strong antibody

production, eosinophil activation, and
inhibition of several macrophage functions,
thus providing phagocyte-independent
protective responses.

Th1 play an important role in cell-mediated
immunity. Cell mediated immunity involves
the direct action of specialized cells in
attacking infectious agents, foreign materials
and cancer cells. An inadequacy of Th1
function might result in problems of chronic
infections against fungal, yeast and virus,
When Th1

function is excessive, organ specific

chronic sinusitis and cancer.

autoimmune diseases such as type 1 diabetes,
multiple sclerosis, myasthenia gravis,
Hashimoto’s thyroiditis, Crohn’s disease and
chronic Lyme disease may develop.

Th2 play an important role in humoral
immunity. This means that specialized
immune cells make antibodies that attack
specific pathological targets. Vaccination is a
typical case that stimulates humoral immune
reaction against a specific infectious agent. A
vaccination helps our immune system to
create a memory for certain molecular
characteristics of the infectious agent. When
the bacteria or virus enter the body, our
immune system generates antibodies to
destroy them. A Th2 deficient patient may be
more prone to bacterial infections and less
able to fight them. A Th2 dominant condition
may decrease cellular immunity and increase
humoral immunity. Examples of diseases
associated with Th2 excess include allergic
diseases. Allergies such as allergic asthma,

rhinitis, dermatitis and anaphylaxis are a



result of an overexuberant immunological
reaction to environment allergens. In addition
to allergic diseases, Th2 dominant responses
produce autoantibodies, including antinuclear
antibodies, and lead to the development of
organ-nonspecific autoimmune diseases.

In this study, we investigated, from an
immunopharmacological perspective, the
diseases caused by Th1 /Th2 imbalance and
the therapeutic potential of correcting such

imbalance.
2. The causes and assay of Th1 / Th2

imbalance

There are many causes of an imbalance of
Th1/Th2 immune function including
improper diet, lifestyle factors, high stress,
medications, genetics and aging. These
conditions all contribute to introducing the
imbalance of Th1/Th2 function and resulted
in abnormality of acquired immune status.
Therefore, when Th1/Th2 imbalance is
caused, patients may experience higher
incidence of infection and
immunopathological diseases including
allergies, autoimmune diseases, cancer and
infertility (Oglulur, 2025). Gastrointestinal
dysbiosis, sinus infection and bladder
infections are a sign of Th1/Th2 imbalance
status because the overall pathogen load
becomes greater than the immune system can
handle.

Lifestyle factors such as adequate sleep and
rest, exercise, a healthy, nutrient dense diet,
avoidance of toxins, and microbiome

balance, are key factors to supporting

balanced Th1/Th2 immune system function.
In addition, nutrients including vitamin A,
vitamin D and some minerals (zinc, copper
and others) have been reported to recover
Th1/Th2 imbalance (Ross 2012, Dhawan
2022, Jim 2024, Lu 2024).

Regarding the assay of Th1/Th2 ratio, there
is no single and universal method to measure
the Th1/Th2 immune balance, but researchers
and clinicians infer using several
complementary laboratory approaches.
Usually, the assay evaluates cytokines such
as [FN-y (Th1) and IL-4 (Th2) and/or
transcription factor, T-bet (Th1) and GATA3
(Th2). Common laboratory methods are
including the assay by staining intracellular
cytokine or transcription factor and flow
cytometry. Additionally, ELISpot (cytokine-
specific) and multiplex immunoassays /
ELISA (culture supernatant or serum) assay
have been employed.

Although standardized cutoff values have
not yet been established, commonly cited
reference ranges for the IFN-y/IL-4
(Th1/Th2) ratio assessed by flow cytometry
in the context of infertility treatment are as
follows: approximately 8—20 for the normal
range and 20-30 for a mildly elevated range.
Values exceeding 30 have been reported to
indicate Th1 dominance, which is associated
with implantation failure and miscarriage,
and may therefore warrant consideration of
therapeutic intervention (Nakagawa. 2024).
3. Th1/Th2 imbalance related diseases
and therapeutics

To know the role of Th1/Th2 imbalance in



the disease status, systemic literature research
was performed in the PubMed database,
which was terminated at the end of July
2025. There are 992 hits in Pub-Med , when
“Th1/Th2 imbalance and disease” was used
as a key word. We have added the additional
key word such as allergic diseases,
autoimmune diseases, infertility, cancer and
heart disease as indicated in Table 1.
Additional relevant articles were identified

from the bibliographies, and from our own

archives. Methods and findings of the studies
were critically reviewed.

While advancing the above research, we
have decided to categorize our future studies
as follows. The diseases have been classified
into four items according to imbalance of
Th1/Th2 cell function; (A) inadequate Th1
cell function, (B)excessive Thl cell function,
(C) inadequate Th2 cell function, (D)

excessive Th2 cell function (Table2).

Table 1 Number of literatures (until June 30, 2025)

Key words Number

Th1 and Th2 imbalance (+) disease 992
(+) allergic diseases 184
(+) autoimmune diseases 293
(+) infertility 10
(+) cancer 170

Table 2  Diseases caused by imbalance of Th1 and Th2
A) Inadequate Th1 cell function
1. Chronic fungal and viral infections, 2. Chronic sinusitis 3. Cancer

B) Excessive Th1 cell function

1. Autoimmune diseases, (Type 1 diabetes, multiple sclerosis, Myasthenia gravis,

Hashimoto’s thyroiditis, Crohn’s Disease and chronic Lyme disease)

2. Infertility
C) Inadequate Th2 cell function
1. Chronic bacterial infection
D) Excessive Th2 cell function

1. Allergic diseases,

2. Autoimmune diseases (rheumatoid arthritis, systemic lupus erythematosus,

ulcerative colitis and thyroiditis).




3-1 Inadequate Th1 cell function

As shown in Table 2, inadequate Th1 cell
function causes chronic diseases including
persistent fungal and viral infections,
sinusitis and cancer. Of these diseases, cancer

exhibits the most strong dependence on

Th1/Th2 imbalance immunity. Accordingly,
studies concerning cancer are presented
below. Many of these investigations indicate
immune balance of Th1/Th2 may be
responsible for the occurrence or progression

of cancer as shown in Table 3.

Table 3 Th1/Th2 immune balance and cancer

A) Thl immunity and anti-tumor effects ; Th1 cells produce effective cytokines (IFN-y, IL-2,

and TNF-f), which activate cytotoxic T lymphocytes and natural killer cells and promote

macrophage 1 activation that enhances tumor killing.

B) A Thl-dominant response is generally associated with better prognosis, more effective

tumor immune surveillance and improved outcomes in immunotherapy.

C) Th2 cytokines including IL-4, IL-5, IL-10 and IL-13 suppress Thl responses and promote

M2 macrophages, which aid tumor growth, tissue remodeling, and angiogenesis, and Th2

cytokines induce immune tolerance within the tumor microenvironment therefore Th2 shift

contributes to tumor immune evasion and chronic inflammation that may foster cancer

progression.

D) Th1/Th2 imbalance induce cancer development

Many cancers show a shift from Th1 toward Th2 dominant immune response. This imbalance

is linked to decreased tumor immune surveillance and increased regulatory immune

mechanisms that allow tumor persistence. Correcting this imbalance (e.g., by enhancing Th1 or

suppressing Th2 responses) is being explored as a therapeutic strategy.

A shift from Thl to Th2 can impair cell-
mediated immunity and is often seen in
patients with advanced cancer. This has been
supported by multiple studies that have
looked at the cytokine profile of tumor-
infiltrating lymphocytes and low Th1/Th2
ratio can be found in patients with more
aggressive tumors that have a lower survival
rate (Frafjord, 2021). Those patients with a
Th1-dominant response often have a lower
recurrence rate and a longer disease-free

survival. The development of the agent to

push the Th1/Th2 balance toward a Th1-
dominant response is one of the applicants
for effective immunotherapeutic strategies.
Since a certain kind of cytokine in the
tumor microenvironment plays an important
role in the imbalance of Th1/Th2 immune
response, some cytokines indicated in Table 4
are possible agents for adjusting immune
balance in the development of tumors.
Among them, [FN-y, IL— 2, and INF-q, are
most widely applied in clinical practice.

Multiple clinical trials have investigated the



efficacy of IFN-y in combination with other
therapies for treating cancer patients and
have shown varying results. [FN-y acts as a
cytotoxic cytokine together with granzyme B
and perforin to initiate apoptosis in tumor
cells and recovering activity on immune
imbalance. IFN-y has been used to treat
cutaneous lymphoma and malignant
melanoma. (Miller, 2009, Singh, 2023,
Rostamizadeh, 2025)  IL-2 has been
approved for the treatment of metastatic renal
cell carcinoma and metastatic melanoma in
Japan (Tanigawa 2025, Takigawa 2025,
Jiang, 2016, Im, 2024). IL-2 exerts its

anticancer effects through the proliferation,

activation, enhancement of effector
functions, and memory formation of tumor
antigen-specific T cells. However, due to its
strong side effects, modified forms of IL-2
that act more selectively on T cells are
currently attracting attention.

A variety of evidence has confirmed the
critical role of INF-o on antiviral,
antiproliferative, and immune-modulating
effects and have been used in the treatment of
hematologic malignancies and melanoma.
INF-a is an important agent for tumor
therapy, but its clinical application is limited
by its severe fatal systemic toxicity.
(Vachhani, 2024).

Table 4 Effective cytokines on tumor immunotherapy

Cytokine Effects

IFN-y Key cytokine in antitumor immunity, promoting Th1 responses and
enhancing the antigen presentation process.

IFN-a Antiviral, antiproliferative, and immune-modulating effects and have been
used in the treatment of hematologic malignancies and melanoma

IL-2 The treatment of metastatic melanoma and renal cell carcinoma due to its

ability to stimulate the growth and activation of T cells and natural killer (NK)
cells.

IL-12 Promotion of the differentiation of naive T cells into Th1 cells and enhance

the cytotoxic activity of NK cells and T cells.

IL-15 Supports the proliferation and activation of NK cells and CD8" T cells and

potential in adoptive cell therapy.

IL-21 Enhance the function of NK cells and CD8+ T cells and may have a role in
combination therapies to improve the efficacy of other immunotherapeutic
agents.

GM-CSF Recruitment and activation of dendritic cells, which are crucial for initiating

T-cell responses against tumor antigens.




According to numerous studies, the Th cell
subsets are imbalanced in patients with
tumors, with Th2 cells predominating at the
tumor site and Th1 cells being most
frequently detected in noncancerous tissues.
Since Th2 cytokines suppress the Thl-
mediated immune system and promote tumor
growth and metastasis, anti-Th2 cytokine
agent may be one of another applicants for
tumor immunotherapy.

As mentioned above, Th1/Th2 imbalance is
a common mechanism of immune escape by
tumor cells and is closely related to cancer
development and prognosis. Therefore,
correcting the Th1/Th2 imbalance to ensure
the shift toward a Thl response and
maintains a low Th2 response is essential for

enhancing tumor-specific immune responses.

3-2  Excessive Thl cell function and
therapeutics

As shown in Table 2, excessive Thl cell
function causes organ-specific autoimmune
diseases including type 1 diabetes, multiple
sclerosis, Hashimoto’s thyroiditis, Crohn’s
Disease and chronic Lyme disease.
Immunomodulatory and immunosuppressive
drugs are widely used in the therapy of
diseases. There are many literatures that
discuss the relationship between Th1/Th2
imbalance and the progression or therapy of
autoimmune diseases. This theme is too wide
to study in this review; therefore, we would
like to explore this in another article.

Additionally, the infertility due to repeated

implantation failures has been reported to be

associated with an excessive Th1 cell
function. During pregnancy, there is a
delicate balance between the mother's
immune system and the fetus, and excessive
Thl cell function is one of the decisive
factors in the development of the disease.
Therefore, focusing on the balance of
Th1/Th2 immune responses may enable in
the therapy of infertility. There are some
studies to indicate the efficacy of Tacrolimus
which can improve the reproductive
outcomes for women who have experienced
multiple implantation failures and show
elevated Th1/Th2 cell ratios (Nakagawa,
2024).

effective during pregnancy, with no major

Tacrolimus is relatively safe and

fetal-maternal complications. It is beneficial
for with an elevated Th1/Th2
ratio. However, more studies should be
designed to clarify the optimal dosage,
treatment duration, and timing of initiation
and cessation of tacrolimus to maximize its
safety and efficacy during pregnancy.

This is also very interesting theme from
immunopharmacological point of view;
however, we would like to discuss this theme

in another article.

3-3  Inadequate Th2 cell function

Th2 cells are involved in type 2 immune
responses, which are important for
eradication of extracellular parasites and
bacterial infection. They produce IL-4, IL-5,
IL-10, and IL-13, which are important for the
induction and development of humoral

immune responses. Therefore, inadequate



Th2 cell function causes chronic bacterial
infection. Vaccination is the most potent
and effective treatment to cure this kind
of diseases. Such a condition may be
caused by congenital immunodeficiency,
malnutrition, chronic disease, aging, or
severe stress. As a result, patients may
suffer from recurrent bacterial infections,
which can progress to treatment-resistant
chronic infections (Kimura, 2004,
Nakamura, 2014).

Clinically, to compensate for decreased
Th2 function, appropriate nutritional
supplementation, immunomodulatory
therapy, and in some cases,
administration of immunoglobulin

preparations may be considered.

3-4 Excessive Th2 cell function

Individuals with excessive Th2 cell
function are at higher risk of allergy (IgE
mediated mast cell and eosinophilic
disorders), and systemic autoimmune
diseases. Excessive Th2 cell function is
defined by higher levels of IL-4, IL-5,
and IL-13, resulting in increased and
often chronic inflammation. Several
factors can contribute to Th2 dominance,
including genetic predisposition,
environmental triggers (such as exposure
to allergens), and dysregulation of

immune signaling pathways.

3-4-1

Th2 -mediated immune responses

Allergy

against "innocuous" antigens play a

triggering role in atopic allergy. Several
epidemiological studies have suggested
that the reduced microbial exposure of
children due to a westernized lifestyle
leads to decreased Th1 immunity and
induces a predisposition toward Th2-
dominant immune responses. This is
because of reduced production of IL-12
and IFNs by cells of the natural immunity
stimulated by bacterial products through
their Toll-like receptors. These are the
cause of the recent increase in the
prevalence of allergy in developed
countries (“hygiene hypothesis™).

This hypothesis is very important not
only from a theoretical point of view but
also because of its therapeutic
implications.

The development of therapeutic agents
targeting Th2 is actively underway for the
treatment of diseases caused by excessive
Th2 responses. When reviewing previous
studies on allergy, compounds and plant-
derived extracts such as shown in Table 5
have been reported (Guo 2014. Nguyen
2022, Okamoto 2009, Ren 2022, Sjin
2023, Xiong 2025, Xia 2023, Ye 2025,
Zhang 2022)

In Table 5, the reported effects of these
plant-derived components and extracts
have been demonstrated in animal
studies, therefore clinical investigation in
the near future is desirable. Among the
chemical compounds, Suplatast
(Suplatast tosilate (IPD-1151T) ) has

been discovered and developed by us as a



new anti-allergic drug with
immunomodulating activity on the
suppression of Th2 excessive function
(Taniguchi, 1996, Nagai 2012). Figure 1
and Table 6 are the chemical structure of
and the summary of pharmacological
profiles of Suplatast. As for the
pharmacological action of Suplatast in
allergic diseases, the immunomodulation
of the Th1/Th2 imbalance is the first
strategy of the drug. Suplatast can

adjust the imbalance in the Th1/Th2
immune response and has shown clear
clinical efficacy against allergic diseases
including bronchial asthma, atopic
dermatitis and allergic rhinitis (Tamaoki
2000, Shioya 2002, Horiguchi 2001,
Sano 2007). The immunomodulator
approach has shifted from a more
theoretical and conceptual model to one
supported by evidence of clinical

efficacy.

TableS5 Substances that act on Th2 excessive immunity and have been reported to exhibit

therapeutic effects against allergy diseases caused by Th2-dominant immune responses.

(A) Extract of medical plant (including Traditional Chinese Medicine)

1.Lactobacillus plantarum JC7 2. Ephedrae Herba extract (polysaccharides)
3. Mangifera indica Linn.(Anacardiaceae) extract (Mangiferin)

4. Artemisia gmelinii extract (Yomogi) 5. Rosae multiflorae fructus extract
6. Citrus tachibana leaves ethanol extract
8. Shengi (TCM)

R1 (Otaneninnjinn)

7. Huangbai Liniment

9. Mahuang Fuzi Xixin (TCM) 10. Panax notoginseng saponin
11. Bupleurum chinense extract (TCM) 12 . garlic extracts

13. Apple Pectin

(B) Chemical compounds

1. Quercetin 2.Luteolin 3. Baicalein 4. 2'-Fucosyllactose
7. Chlorogenic Acid 8. Gallic acid
10.cangerzisan 11. Sodium Butyrate(Histone

12. Salidroside

(quinolizidine alkaloid)

5. a-Linolenic acid 6. Glucocorticoids
9. Higenamine
Deacetylase Inhibitor, 13. Ligustrazine (Natto)
14. Sophocarpine 15. Suplatast
(C) Immunological substance

1. IL-27 2. IL-12 3. IL-37 4. CpG oligodeoxynucleotides

5. Long intergenic noncoding RNA 00632 (LINC00632) LINC00632




Suplatast tosilate (IPD-1151T)
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Figure I  The chemical structure of and the summary of pharmacological profiles of

Suplatast.

Table 6.  Anti-allergic actions of Suplatast

Mechanism

Description

Suppression of Th2 cytokine production

Inhibits Th2 cytokines such as IL-4, IL-5, and IL-
13 production from lymphocytes

Reduces IgE antibody production.

Suppression of Th2 cytokine production

Inhibition of mast cells and eosinophils

Indirectly suppresses IgE-mediated mast cell.

Inhibits eosinophil differentiation and migration

through suppression of IL-5

Improvement of airway inflammation

and hyperresponsiveness airway

Suppresses airway inflammation and improve
hyperresponsiveness in asthma models.

Alleviates inflammatory responses in allergic

rhinitis and atopic dermatitis.

Clinical indications (Japan)

Bronchial asthma (especially allergic type)

Atopic dermatitis, Allergic rhinitis
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3-4-2

In autoimmune diseases, the effector

Autoimmune diseases

mechanisms responsible for lesion formation
are  generally divided into two types: those
in which Thl cells are involved through
cytotoxic T cells, and those in which Th2
cells are involved through antibodies. In Thl-
dominant immune responses, organ-specific
autoimmune diseases such as type 1 diabetes
and Hashimoto's disease are induced. In
contrast, Th2-mediated autoimmune disease
is systemic autoimmune diseases including
systemic lupus erythematosus (SLE), graft-
versus-host disease, and host-versus-graft
disease in which various autoantibodies,
including anti-nuclear antibodies, appear. The
production of these autoantibodies is
regulated by T cells. These conditions are
characterized by symptoms such as the
presence of antinuclear antibodies,
glomerulonephritis, and hyper-IgE syndrome.
They are also associated with enhanced IL-4
activity, decreased IL-2 activity, and
suppression of delayed-type hypersensitivity
reactions.

As mentioned above, while Th1/Th2 cells
are two well-characterized subsets causing
autoimmune diseases, recent studies have
found another T helper cell subset which play
an important role for the onset of
autoimmune diseases. That subset is Th17
cells, which produce pro-inflammatory
cytokines such as [L-17A, IL-17F, and IL-22,
and are involved in the defense against

extracellular bacteria and fungi (Bettelli

11

2006 , Korn 2007, Yang 2008). The balance
between Th17 and Th1/Th2 cells is important
for maintaining immune homeostasis, and
imbalances in Th17 cells have been
implicated in various immune-related
disorders such as autoimmune diseases,
including multiple sclerosis, psoriasis and
others. The type of Th cell that is produced
depends on the combination of cytokines that
are present at any given time. This can be
determined by circumstances that develop a
Th1 or Th2 response, which can lead to either
a pro-inflammatory or an anti-
inflammatory state. Understanding the basics
of their differentiation and function is an
important step in finding better treatments for
these conditions.
Differentiation of Th cells into specific
effector subsets allows for fine tuning of the
immune response and helps to ensure that it
remains effective against potential threats.
Several factors can contribute to Th2
dominance, including genetic predisposition,
environmental triggers (such as exposure to
allergens), and dysregulation of immune
signaling pathways. These diseases are
characterized by the production of
autoantibodies, including antinuclear
antibodies, and therefore, treatments involve
drugs that suppress autoantibody production.
Glucocorticoids, immunosuppressive agents,
and immunomodulatory drugs are commonly
used.

4 Conclusion



A balanced immune system is a healthy
immune system in terms of fighting
infections and restoring homeostasis. This is
something we should all be considering for
our health and well-being. In addition to
effective therapeutics, a balanced diet,
exercise, hydration, sleep, stress
management, probiotics, and nutritional
supplements can play a role to recover from
immune imbalance.

T cell profiling of the phenotypes and
functions of T cells within an individual's
immune system offers several clinical
applications for improving the lives of
patients with immune system dysfunction.
Among immune system imbalance, the
balance between Th1/Th2 has received
extensive attention owing to indispensable
role in allergic diseases, auto-immune
diseases, reproduction, cancer and others. By
assessing the composition and function of T
cell subsets, the understanding of underlying
immune imbalance and disease progression
can help therapeutic strategies on a patient-
by-patient basis, in a truly precision medicine
approach.

In cancer treatment, T cell profiling is crucial
for tailoring personalized cancer
immunotherapies, such as checkpoint
inhibitors and adoptive cytokine therapies.
Monitoring T-cell responses during treatment
can also provide valuable information about
therapy efficacy and potential resistance.

As our understanding of the complex roles of
CD4+ T-cell subsets (Thl, Th2, and Th17) in

disease progression deepens, T-cell profiling

12

increasingly enables the identification of
dysregulated T-cell subsets or pathways
across various disease conditions. This
information can lead to the discovery of new
therapeutic targets for drug development in
the areas of infertility, allergy, and
autoimmune diseases.

Drugs that correct the balance between
Th1/Th2 act on one subset of Th cells, which
carries the risk of causing excessive
activation or suppression of the other subset.
Therefore, their use requires careful
monitoring of Th cell subset activity and

should be administered with caution.
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[ Review Article ]

A Narrative Review of French Cheese and Food Culture
Toward the Development of an International Perspective in Health

Professional Education

Masae Awazu™! and Hideko Ishii*!

Abstract
The purpose of this study was to review the literature on French cheese and food culture in order
to clarify characteristics such as history, culture, values, and regionality. In addition, this
study aimed to derive implications for fostering an international perspective among health
professionals based on the findings obtained. A narrative review was conducted using Japanese—
language literature published since 2010, and a total of eight articles were selected for analysis

i

The analysis identified five categories: “Rich and Diverse French Cheeses,”  “Production and

Consumption Structures as the Largest Agricultural Nation in the EU,”  “The Appellation d’ Origine

>

Controlée (AOC) System and Terroir,”  “AOC Cheeses Supported by Lifestyle,” and “Gastronomy as
Intangible Cultural Heritage.” These categories were found to be interrelated, indicating that
French cheese culture is a comprehensive concept supported by institutional systems, production,
consumption, lifestyle, and cultural values.The findings obtained through this narrative review
suggest the potential to serve as educational material that can deepen health professionals’
understanding of and interest in different cultures, enabling them to acquire an international

perspective even while remaining in Japan.

Key Words : France, cheese, food culture, Appellation d’ Origine Contrélée (AOC), narrative review

*1 Department of Nursing, School of Nursing, Gifu University of Health Sciences
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[Original Article)

Intra— and Inter-Examiner Reliability of the Diaphragm Muscle Thickness
Measurements Using Ultrasound Diagnostic Equipment

—Intra- and inter—-examiner reliability of the diaphragm muscle thickness

Shinichi Watanabe®* Mahiro Terashima*' Suzuna Tomida*' Moena Tomoda*' Shion
Takeuchi*'  Yuki Asano*' Saya Katoux!

Abstract

The research question of this study was whether a short—term ultrasound training program enables
inexperienced students to achieve acceptable intra— and inter—rater reliability in measuring diaphragm
muscle thickness compared with an expert examiner. In this study, we investigated the inter— and
intra—rater reliability of the diaphragm muscle thickness in students with no experience using
ultrasound echo. Ten healthy adults participated as subjects. The diaphragm muscle thickness was
measured by one expert assessor and one student without ultrasound experience. The students were
trained for 3 hours on basic ultrasound operation, probe operation, precautions for measuring trunk
position, and muscle thickness measurement method. The diaphragm muscle thickness was measured using
B-mode (10 MHz), and the measurement site was on the right mid-axillary line between the 7th and 9th
intercostal spaces, where the diaphragm was clearly visualized. The measurements were performed twice

and the end-inspiratory muscle thickness, end-expiratory muscle thickness, and rate of change in
thickness (thickening fraction of the diaphragm, TFdi) were measured. The average values were used as
the reference values for comparison. In this study, Intraclass correlation coefficients (ICC) were
used to assess reliability, and ICC between the first and second measurements by the expert and
student (1,2) and ICC (2,2) between the average of the expert first and second measurements and the
average of the student’s first and second measurements were calculated. Intra-rater reliability was
0.67 for end-inspiration, 0.80 for end—expiration, and 0.32 for TFdi for the student, with high
reliability for end-expiration but low reliability for TFdi. For the expert assessor, the reliability
was significantly high, with 0.96 for end-inspiration, 0.98 for end-expiration, and 0.85 for TFdi.
The inter-rater reliability was 0.43 for end—inspiration, 0.70 for end—expiration, and 0.33 for TFdi,
with only end-expiration being significantly reliable (p = 0.049). When this education model was used
with students with no experience in muscle echo imaging or clinical experience, it was found that
inter— and intra—rater reliability was high for end-expiratory muscle thickness, but inter— and intra-
rater reliability was low for quiet inspiration and TFdi, suggesting the need to reconsider the
methodology, such as by increasing the amount of practice or having two people perform the operation.

Keywords : ultrasound, diaphragm, reliability. muscle thickness

*2 Department of Physical Therapy, Faculty of Rehabilitation, Gifu University of Health science
ZfHH 1202549 A 17 A ZHIH 2025412 H 11 A
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1. Introduction
In recent years, advances in ICU life-
saving technology have significantly improved the
survival rate of critically ill patients (Winters,
2010).

immobilization can lead to ICU-acquired weakness

However, invasive procedures  and

(ICU-AW) and post—intensive care syndrome (PICS),

which can worsen prognosis (Needham, 2012;
Ehlenbach, 2010).
Among ICU-AW, ventilator—induced

diaphragm dysfunction is a general term for
diaphragm dysfunction induced by a ventilator
(Goligher, 2015). It is known that patients with
diaphragm dysfunction are unable to return to
daily life for several years after discharge from
the hospital, which interferes with their daily
lives, and the emergence of the novel coronavirus
has increased the social impact of diaphragm
2013).
dysfunction is one of the causes of respiratory
and difficulty

ventilator, but methods for evaluating it are not

dysfunction (Demoule, Diaphragm

failure in weaning from a
yet widely adopted. The main reason is that the

standard test, transdiaphragm pressure

difference measurement, is highly invasive and
there are few facilities that can perform it
(Agostoni, 1960).

In recent vyears, diaphragm function
assessment methods using ultrasound images have
attracted attention due to the advantages of
bedside measurement, non—invasiveness, and the
ability to be performed by non—physicians (DiNino,
2014). Diaphragm muscle thickness and diaphragm
thickening fraction (TFdi) are associated with
the duration of mechanical ventilation and
hospital stay and have been reported as useful
indicators for predicting successful extubation
(Goligher, 2018).

diaphragm muscle thickness measurement is not

However, conventional
only time—consuming and burdensome for both the
assessor and the patient but also has problems

such as measurement results being dependent on

33

the assessor’ s skill and insufficient reliability
2021).

limited data are available on

and reproducibility  (Marugan—Rubio,
Consequently,
diaphragm muscle thickness measurement, most of
which are single—center studies and have not been
applied to routine clinical practice. Furthermore,
the effect of learning on the measurement
reliability of the diaphragm muscle thickness has
not been fully examined.

The purpose of this study was to clarify
the measurement reliability of diaphragm muscle
thickness and TFdi in healthy subjects using an
ultrasound diagnostic device and to provide basic
information for understanding how student
learning through an ultrasound training program
affects the measurement reliability of diaphragm

muscle thickness.

2. Methods
2.1Study subjects
The

volunteers

subjects were 10 healthy adult
(age 19.8 = 0.7 vyears) with no
history of respiratory or circulatory diseases.

The exclusion criteria were smoking, obesity (BMI
> 30 Kg/m2)), those with

cardiopulmonary or liver disease. This study was

and diagnosed

approved by the ethical review of Gifu Health
and all

participants provided written informed consent.

University (approval number 2024-3),

The student assessor who took the ultrasound
(evaluator B) was a student at a physical therapy
school who had no experience in taking ultrasound
images and had no experience in ultrasound image
The

evaluation

processing or clinical  experience.

experienced person explained the
method to the assessor in advance and started the

study.

2.2 Study procedure
The study was conducted at Gifu Health

University. The subjects had their diaphragm

muscle  thickness measured during resting



inspiration and resting expiration by one

assessor on the same day. The muscle thickness

of the right diaphragm was measured by ultrasound.

The subjects were instructed not to eat within
30 min, and the ultrasound measurements were
performed by an experienced assessor (expert) and
a student assessor (student). Expert provided
training on diaphragm ultrasound echo, mainly for
measuring the diaphragm. The training included
basic operations of the echo, probe operation,
precautions for the position of the measurement
limb, and methods for measuring muscle thickness,
for a total of 3 hours (1-hour lecture and 2

hours of practical training).

2. 3How to take an ultrasound image
Ultrasound images were taken in a semi—

sitting position (head up 30° ) based on the

A. Measurement position

method of previous research. The subjects were
placed in a supine position on the bed, and the
lower limbs were sufficiently relaxed, after
which the neck and trunk were adjusted to a
neutral position using a cushion. Measurements
were performed using an ultrasound imaging system
(Sonomage HS2 pro, KONICA MINOLTA) and a 10 MHz
linear probe. The measurement site was the area
on the right mid-axillary line between the 7th
and 9th intercostal spaces, where the diaphragm
was clearly visualized. Two assessors performed
evaluations of 10 subjects twice in a row. Since
there is a possibility of bias in the measurement
results of each assessor (measurement bias), the
measurement images and values of each assessor
were not visible to other assessors. The analysis
of the diaphragm muscle thickness and the image

analysis method are shown in Figure 1.

B. Measuring muscle thickness

LE.

D. Muscle thickness

Figure 1. Cross-sectional area and muscle thickness of the RF muscle, and image analysis methods



2.4 Data Analysis

The normality of the data was
confirmed by the Shapiro-Wilk test. Continuous
data were calculated as the mean =£ standard
deviation. TFdi was calculated as follows:
TFdi

resting inspiratory thickness — resting expiratory thickness

resting expiratory thickness

% 100% (Grams ST, 2013).

Because this study is exploratory in
nature, the sample size and effect size were not
calculated. Comparison between the two groups was
performed using unpaired t-tests. Relative
reliability was calculated using the intraclass
correlation coefficient (ICC), and the intra-
rater reliability ICC (1,2) of the first and
second measurements by expert and student and the
inter—rater reliability (2,2) of the average of
the first and second measurements by expert and
the average of the first and second measurements
by student were calculated. Data analysis was
performed using the JMP statistical software
version 13.1 (SAS Institute Inc., North Carolina,

USA).

3. Results

The characteristics of the subjects are
shown in Table 1. All subjects were healthy adult
males with a normal body type
The results of the resting inspiratory and
resting expiratory muscle thickness and TFdi
measurements are shown in Table 2. No significant
differences were found between the students and
experts for resting inspiratory and expiratory
diaphragm muscle thickness. In the first TFdi, a
significant difference was found between students
(20.6 =+ 11.3%) and experts (32.0 = 6.9%) (p =
0.014). in the
significant difference was found between students
(29.4 = 7.6%) and experts (17.9 = 6.2%) (p =
0. 006).

Similarly, second TFdi, a

The intra—rater reliability is shown in
Table 3. Intra—rater reliability was high for
resting expiration (ICC 0.80, 95%
interval [CI] 0.43-0.92, p = 0.017) for students’
ICCs, but
inspiration (ICC 0.67, 95%CI 0.34-0.92, p =
0.038) and TFdi (ICC 0.32, 95%CI 0.17-0.83, p
0. 288).

confidence

intra—examiner low for resting

Table 1.  Subject characteristics
Subject (h=10)
Male (%) 10(100%)
Age (year) 19.8+0.7
Height (cm) 169.5+7.04
Weight (kg) 55.944.3
BMI (kg/m?) 19.5+1.6

Values are presented as mean =+
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standard deviation. BMI, Body Mass Index



Table 2.

Diaphragm muscle thickness measurement results

Student Expert p value
End-inspiratory, first (mm) 1.90+0.29 2.00+0.16 0.363
End-inspiratory, second (mm) 1.827%0.26 2.01£0.16 0.067
End-expiratory, first (mm) 1.59+0.31 1.52£0.16 0.532
End-expiratory, second (mm) 1.55%0.26 1.56%0.18 0.922
TFdi, first (%) 20.6£11.3 32.0£6.9 0.014
TFdi, second (%) 17.9+6.2 29.4+7.6 0.006
Values are presented as mean = standard deviation.
TFd i, thickening fraction of the diaphragm
Table 3. Intra-rater reliability
Student Expert
End- ICC(1, 2) 0.67 0.96
inspiratory (95%CI) 0.34-0.92 0.83-0.99
p value 0.038 <0.001
End- ICc(1, 2) 0.80 0.98
expiratory (95%CI) 0.43-0.92 0.93-0.99
p value 0.017 <0.001
TFdi ICC(1, 2) 0.32 0.85
(95%CI) 0.17-0.83 0.41-0.96
p value 0.288 0.004

ICC, intraclass correlation coefficients, CI, Confidence interval, TF di, thickening fraction

of the diaphragm.

Table 4. Inter-rater reliability

ICC 2,2 959%ClI p value
End- 0.43 0.11-0.79 0.106
inspiratory
End- 0.70 0.26-0.93 0.049
expiratory
TFdi 0.33 0.13-0.64 0.681

ICC, intraclass correlation coefficients, CI, Confidence interval, TFdi, thickening fraction

of the diaphragm
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4. Discussion
There have been a number of studies on
the reliability of TFdi

ultrasound imaging devices, but the reliability

when measured using

is not consistent and varies between studies (Dot,
2022; Molina—Hernandez, 2023). In this study, the
ICC for resting expiratory showed high intra— and
inter-rater reliability, but the reliability of
The

purpose of this study was to investigate the

resting inspiratory and TFdi were low.
intra— and inter-rater reliability of diaphragm
thickness at resting inspiration and expiration
in healthy adults. Variation in measurements was
observed between experienced users and students
with no experience using ultrasound diagnostic
devices.

Landis et al. considered an ICC of 0.61
to 0.80 to be substantial and 0.81 to 1.00 to be
almost perfect (Landis, 1977).
ICC of 0.75

reliability, but recommended a value of over 0. 90

Portney et al.

considered an or more good
for clinical application (Portney 1993). However,
there is no clear evidence for these, although
ICC values of 0.70 or higher are generally
considered acceptable for research purposes. In
this study, the ICC (1.2) was almost perfect in
the Landis grading system except for the end-
inspiration and TFdi of the students, suggesting
that the intra-rater reliability of the diaphragm
thickness measurement is high. The ICCs for the
end—inspiration and TFdi of the students were
0.67 and 0. 32, respectively, and it must be said
that the reliability is inferior to that of
resting expiration. This may be because, unlike
resting expiration, the volume of inspiration is
likely to vary with each breath during resting
inspiration, and the examiner must judge whether
the volume of inspiration is appropriate based
on the movement of the thorax and the movement
of the diaphragm on the monitor. In addition to
these the chest during

conditions, expands

inhalation, making probe manipulation difficult,
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which is thought to have affected the reliability.
ICC (2,2), the

reliability was 0.70 or higher only for resting

Similarly, for inter-rater

expiration. On the other hand, expert examiner
were ranked almost perfect in the Landis grading
for all items, suggesting that a certain level
of experience is required for resting inspiration
and TFdi.

Kusunose et al. (2018) reported that
training using an echo learning program improved
the accuracy of echocardiographic measurements.
Harris—Love et al. reported that simple training
feedback the of
ultrasound measurements (Harris—Love, 2014). In

this study,

using improved accuracy

after a 3-hour course, high intra-
and inter-rater reliability was obtained for
resting expiration, even in students. The reason
for this is that appropriate technical
instruction and improved knowledge were provided
to those who had no experience with ultrasound
diagnostic equipment. In the learning program,
it was emphasized that using a large amount of
gel to avoid compression, not compressing the

probe, placing the probe vertically and

horizontally, not rotating the trunk (measurement
and stabilizing the
affect

in the middle position),

position until image acquisition

By wusing the
the

ultrasound echo measurements.
learning program under these instructions,
reliability of resting expiration increased. This
makes it possible to measure the diaphragm
thickness wusing ultrasound echo in clinical
practice. As shown by the inter— and intra—rater
reliability results, it was suggested that this
muscle ultrasound echo learning program can be
used to master basic muscle ultrasound echo. As
which had low

reliability, in addition to the skills necessary

for quiet inhalation and TFdi,

for measuring quiet exhalation, they require the
induction of an appropriate inspiration volume
it

and the operation of the probe. Therefore,

seems necessary to consider increasing the amount



of practice and having two people perform the
measurements together.

The limitations of this study include,
first of all,
analyzed. The study subjects were young healthy

the limited number of subjects

adults, and it is difficult to apply the results
of this study to all subjects. In addition, the
number of students who took the muscle ultrasound
limited to one;

echo learning program was

therefore, research with a larger number of
students is necessary. It has been reported that
a sample size of fewer than 30 participants is
insufficient to verify the reliability of a
2021). The ICC
assumes normally distributed and homoscedastic
data. In this study, the normality of the data

was confirmed by the Shapiro-Wilk test; however,

measurement method (Nakanishi,

the sample size (n = 10) was relatively small

compared with the general recommendation of n >

30 for robust estimation. Therefore, the ICC
values obtained in this study should be
interpreted as exploratory indicators of

reliability rather than definitive evidence.
Future studies with larger sample sizes are
warranted to validate these findings. In this
study, the ICC was calculated from two repeated
Although the

number of repetitions was limited, ICC analysis

measurements per rater (k = 2).

is applicable in this design because it estimates
the proportion of variance attributable to true
differences among subjects. However, the small
number of repetitions may widen the confidence
intervals and reduce precision, which should be
taken into account when interpreting the results

Second, this study could not compare traditional
ultrasound learning with and without a learning
program. Therefore, it cannot be concluded from
the results of this study that this learning

program can replace traditional learning.

5. Conclusions

In this study, students with no
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experience using ultrasound diagnostic equipment
were trained in measuring diaphragm thickness to
measure diaphragm thickness with an ultrasound
education model. When this education model was
used with students with no experience in muscle
ultrasound echo imaging or clinical experience,
it was found that inter— and intra—rater
reliability was high for resting expiratory
muscle thickness, but inter— and intra— rater
reliability was low for quiet inspiration and
TFdi,

methodology, such as by increasing the amount of

suggesting the need to reconsider the

practice or having two people perform the

operation.
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Assessment of Environmental CGleanliness in Adult Day Care Facilities
Using ATP Swab Testing

A Comparison of Staff and User Contact Surfaces

Makoto Kojima™', Masaki Hayashi™*? Shoma Makino™

Abstract

This study aimed to evaluate environmental contamination in an adult day care facility by measuring
ATP levels on frequently touched surfaces. A total of 37 surfaces, including floors, handrails, chairs,
desks, bathing equipment, exercise devices, and tablet computers, were classified into common—use,
user—contact, and staff-contact categories. Measurements were conducted after service hours and prior
to routine cleaning. The highest ATP reading was observed on the bathroom floor; however, similarly
high ATP values were detected on staff—operated devices such as tablet computers and desks. Statistical
analysis revealed no significant difference between staff—contact and user—contact surfaces. These
findings suggest that, contrary to conventional assumptions, frequently touched administrative and
training equipment may represent a greater source of contamination than restroom or bathing areas.
Therefore, infection control strategies in adult day care facilities should prioritize cleaning based
on actual contact frequency rather than user type. Implementing targeted disinfection protocols and
regular ATP monitoring may improve the effectiveness of environmental hygiene management and contribute

to the reduction of contact-mediated infection risk.

Key Words : Adult day care facility, ATP swab testing, Environmental contamination, High—touch

surfaces, Infection control
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[Original Article]

Ten Years Post-Stroke: Transitions, Characteristics, and Common Goals of
“Needs (Meaningful Occupations)” Identified via the Canadian
Occupational Performance Measure (COPM) —A 25-Year Comprehensive Fol low-

up Study of Chronic Stroke Survivors in Ibaraki-

Shunji Sawa ™, Teruko Iwasaki ™, Yuriko Yamakawa *, Takashi Isaji ™ Koichi Ohnaka *°, Riichi

*7 *8 1 *],

Yasuoka *, Shigeru Sonoda ™, Hidemasa ITki *, Megumi Suzuki **, Tomoya Fujii *, Tomoko Usami

*

Shintaro Morimoto ™, Ryoma Tahara *, Shunji Sako *, Makoto Kojima *, Yoshikiyo Kanada *

Naoki Sakano ™, Koji Suzuki ™, Eiichi Saitoh *® Hiroyasu Iso *°, Hitoshi Ota ™!

*I Department of Occupational Therapy, Faculty of Rehabilitation, Gifu University of Health

Sciences; * Formerly of Mejiro University; ® Mitsukaido Kosei Hospital; *4 Tsukuba Memorial

Hospital; * Shimura Omiya Hospital; * Sankuro Hospital; * Watanabe Hospital; * Fujita Health
University; ™ Kinjo University; ™° National Center for Global Health and Medicine;

I Tapan Healthy Aging Promotion Organization (NPO)

Abstract
[Objective] Based on the results of a comprehensive follow—up study from the time of admission to 10
years post—onset, this study analyzed “needs (meaningful occupations)” as identified through the
Canadian Occupational Performance Measure (COPM). We clarified their characteristics and examined the
positioning of these “needs” in goal setting within rehabilitation medical teams.
[Subjects and Methods] The subjects were 36 individuals with chronic stroke. The COPM was administered
annually through face—to—face interviews for analysis. The results were as follows:
[Results] 1.A total of 1,231 “needs” were identified. When the top five priority items were categorized
into three areas (self-care, productivity, and leisure), self-care accounted for 88% of the first
priorities at admission, while productivity and leisure accounted for 8% and 6%, respectively. 2
Mean scores for performance and satisfaction remained low over time. 3. The number of additional items
increased until 4 years post-onset (3.5 years post—discharge). Of the 604 total additional items,
leisure accounted for 71%.
[Discussion] The discussion extracted four key characteristics and suggested the necessity of

incorporating “needs” derived from the COPM into the common goals of the rehabilitation team.

Keywords: Chronic stroke survivors, COPM, Needs, Common goals
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[Original Article]

A Study on Subjective Well-Being among Older Adults Using Home-Visit Nursing
Services

Yumiko Tshii *' Hideko Ishii *'
Abstract

[Purpose] This study aimed to clarify the status of subjective well-being among older adults
using home-visit nursing services. [Methods] A self-administered questionnaire survey using a

“Subjective Well-Being Scale” was conducted among 36 older adults who were able to communicate and
were using a home-visit nursing station (Station B) in Prefecture A. The survey period was from
March to May 2023. [Results] Of the 48 users of the home—visit nursing station, 36 responded to
the survey, yielding a response rate of 75% Both male and female participants were predominantly in
the latter stage of old age, and more than 60% lived alone or with only their spouse. Although 94. 4%
had been certified as requiring long—term care, their care levels were relatively low. The mean
subjective well-being score was 9.9, indicating a high level of well-being. Scores for the
subfactors “psychological stability” and “attitude toward aging” were higher among women.
Although some participants experienced feelings of loneliness and dissatisfaction, they were
generally satisfied with their current situation. [Discussion] Higher levels of subjective well-
being were observed among women aged 81 years and older who lived with family members and had a care
level of 2 or lower. These individuals tended to perceive aging positively and expressed
satisfaction with their current lives. The findings suggest that early utilization of the long—term
care insurance system, combined with home-visit nursing services that closely engage with daily life
and coordination with other services, may be associated with higher subjective well-being among
older adults.

Key Words : Home-visit nursing; Older adults; Subjective well-being
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[Practical Report)

Expectation for Supporting for Elderly People from a Health Literacy
Perspective

—Based on a Survey of Participants in the 2024 Research Center Seminar-—

Chizuru Tochimnoto™ Miki Kawada™ Eiko Harada™ Michiko Takaku™ Yukari Murase™
Takashi Iwashima™ Akira Kokubo™

Abstract

[Objective] The aim of this study was to determine whether the health literacy of community
participants improved through the 2024 Research Center Seminar, and to use the results as foundational
data for future seminar activities

[Methods and Analysis] Among participants in the first session, 23 individuals (71.9%) were in their
70s, and 27 (84.4%) were women. Additionally, 29 participants (90.6%) reported implementing measures
to prevent muscle strength decline, indicating strong interest in preventing loss of muscle strength.

Attendance records showed that 25 participants (51.0%) attended four or five consecutive sessions.

Analysis of questionnaires from participants in sessions 2 through 5 revealed a statistically
significant difference (p < 0.01) in satisfaction levels (4—point scale) across sessions using the
Kruskal-Wallis test (ordinal data). However, no differences were observed across sessions regarding
whether participants had a regular physician or in changes across five information—related items (5-
point scale).

[Discussion] The significantly higher satisfaction levels among the groups are likely due to the
seminars covering topics of interest to elderly participants and the inclusion of many repeat attendees
While no significant differences were observed between groups regarding improvements in health literacy,
the fact that those with high health literacy participated as repeat attendees indicates that the
university s seminars are expected to serve as a platform for obtaining information that contributes
to the community. This suggests that providing individualized support for improving health literacy

will be even more important in the future.

Keywords: Community residents, Research Center Seminar, Health Literacy, Health Japan 21 (Third Phase),
Elderly people

*1 Department of Nursing, School of Nursing, Gifu University of Health Sciences
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