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Preface

The Global Journal of Medical Research (GJMR) is pleased to present this issue, bringing together a curated collection of high-quality research papers that
explore the latest advances in medical science and clinical practice.

This issue features research spanning topics including neurology, pharmacology & drug discovery, microbiology & pathology, radiology & diagnostics,
gynecology, diseases, veterinary science, orthopedics, surgery & cardiovascular medicine, dentistry, nutrition, and interdisciplinary medical studies. Each
paper has undergone a rigorous double-blind peer-review process to ensure clinical rigor and scientific originality.

We would like to express our sincere gratitude to the authors for entrusting their research with us, to the reviewers for their thorough and constructive
evaluations, and to our readers for their continued engagement with the medical scientific discourse.

We hope that the research presented herein inspires further inquiry and contributes meaningfully to the advancement of medical knowledge and patient care.

The Chief Editor
Global Journal of Medical Research
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Abstract
Primary squamous cell carcinoma (SCC) of the breast is a rare type of cancer, representing between 0.06% and 0.2% of malignant

breast tumours. The disease presents with rapid growth and an aggressive pattern, and the lack of well-defined therapeutic protocols

hinders its treatment. The following is a case report of a 64-year-old female patient presenting with a large nodule in her left breast

(>10 cm) with rapid and progressive growth and palpable ipsilateral axillary lymph nodes. The histopathological examination of the core

biopsy of the lesion showed a poorly differentiated carcinoma and was clinically staged as an inflammatory carcinoma (T4d N1 Mx). The

patient was referred for neoadjuvant chemotherapywith paclitaxel and carboplatin, but showed a poor responsewith tumor progression,

and was referred for hygienic mastectomy surgery. The histopathological result of the surgical specimen showed an invasive carcinoma

with squamous differentiation, grade 3, ulcerated, with invasion of the pectoralis muscle and freemargins (pT4b pNx pMx). Only after im-

munohistochemistry of the surgical specimen was it possible to confirm the definitive diagnosis of keratinising squamous cell carcinoma

(SCC). Postoperatively, the patient returned with signs of surgical wound dehiscence and pleuropulmonary and mediastinal metastatic

progression. After multidisciplinary and family discussion, exclusive palliative care was instituted. Primary squamous cell carcinoma

(SCC) of the breast typically manifests rapidly and aggressively, and its diagnosis is quite challenging, requiring histopathological confir-

mation and, primarily, immunohistochemistry. The gold standard treatment includes breast surgery with clear margins, but there is no

consensus regarding adjuvant chemotherapy. Its prognosis is usually guarded, especially in locally advanced or metastatic cases.
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Abstract

Primary squamous cell carcinoma (SCC) of the breast is a rare type of cancer, representing between 0.06% and 0.2% of malignant

breast tumours. The disease presents with rapid growth and an aggressive pattern, and the lack of well-defined therapeutic

protocols hinders its treatment. The following is a case report of a 64-year-old female patient presenting with a large nodule in

her left breast (>10 cm) with rapid and progressive growth and palpable ipsilateral axillary lymph nodes. The histopathological

examination of the core biopsy of the lesion showed apoorly differentiated carcinomaandwas clinically staged as an inflammatory

carcinoma (T4d N1 Mx). The patient was referred for neoadjuvant chemotherapy with paclitaxel and carboplatin, but showed

a poor response with tumor progression, and was referred for hygienic mastectomy surgery. The histopathological result

of the surgical specimen showed an invasive carcinoma with squamous differentiation, grade 3, ulcerated, with invasion of

the pectoralis muscle and free margins (pT4b pNx pMx). Only after immunohistochemistry of the surgical specimen was it

possible to confirm the definitive diagnosis of keratinising squamous cell carcinoma (SCC). Postoperatively, the patient returned

with signs of surgical wound dehiscence and pleuropulmonary and mediastinal metastatic progression. After multidisciplinary

and family discussion, exclusive palliative care was instituted. Primary squamous cell carcinoma (SCC) of the breast typically

manifests rapidly and aggressively, and its diagnosis is quite challenging, requiring histopathological confirmation and, primarily,

immunohistochemistry. The gold standard treatment includes breast surgery with clear margins, but there is no consensus

regarding adjuvant chemotherapy. Its prognosis is usually guarded, especially in locally advanced or metastatic cases.

Keywords: Primary squamous cell carcinoma, breast cancer, keratinizing carcinoma, metaplastic breast tumor, aggressive breast neoplasm,

neoadjuvant chemotherapy, mastectomy, histopathology, immunohistochemistry
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1. Introduction

N on-melanoma skin cancer is a significant public health
problem, with an incidence increasing by 4% to 8% annually

in developing countries1. Of new cancer cases registered, approxi-
mately 20% are located in the skin, making it the most frequent
type of cancer in the world2. Primary squamous cell carcinoma
(SCC) of the breast is considered a very rare malignant neoplasm,
with an estimated prevalence between 0.06% and 0.2% of breast
neoplasms2,3. Its occurrence is not well established, but it may
be related to squamous metaplasia of the ductal epithelium or
even originate from alterations during embryonic development4.
Squamous cell carcinoma (SCC) presents rapid progression and
a high invasive and metastatic potential when compared to basal
cell carcinoma. Because it is an extremely rare neoplasm in the
breast region, its clinical diagnosis becomes challenging2.
According to the literature, the prevalence of SCC is associated

with white women, ranging from 52 to 64 years of age3. Pure

squamous cell carcinoma of the breast can originate from the
epidermis, nipple, or even the epithelium of a deep epidermoid
cyst or squamous metaplasia5. When it occurs in the breasts,
the lesion can mimic breast cancer, with a desquamative and
erythematous clinical presentation, of an irregular and verrucous
lesion2. It is classified by theWorld Health Organisation (WHO)
as a specific and distinct subtype of metaplastic tumour and
presents the following criteria: 90% ormore of the lesion composed
of keratinising squamous cell carcinoma infiltrating mammary
parenchyma; absence of other invasive neoplastic elements; no
extensive involvement of the skin overlying the tumour and
absence of primary neoplastic skin lesions3.
In addition to its rarity, this carcinoma generally has a poor

prognosis due to its aggressive nature and the lack of specific
treatments, as there is no established protocol for it3. Core biopsy
and immunohistochemistry are used for its diagnosis4. Any lesion
that presents a clinical suspicion should be rigorously evaluated,
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with early biopsy requested to ensure an accurate diagnosis and
avoid unnecessary radical therapies2.
Regarding treatment, there is no consensus on the best clinical

approach, but chemotherapy remains one of the options used.
The chemotherapy regimen with cisplatin and fluorouracil has
been described as an excellent option, with reasonable responses
reported after its use4. However, surgical removal of the lesion
remains the treatment of choice (gold standard), as it allows for
complete histopathological examination of the tumour, evaluation
of surgical margins, and assessment of prognostic factors such as
perineural invasion. In cases of excision of small tumors, where
the surgical margins are clear, i.e., 4 mm to 10 mm from the lesion,
the cure rate is estimated at almost 99%2.
Therapeutic approaches should be analysed and planned on a

case-by-case basis, taking into account the patient's particular
factors and preferences. Advanced cases of breast squamous
cell carcinoma (SCC) may require mastectomy with axillary lym-
phadenectomy combined with adjuvant chemotherapy. However,
in cases of primary breast SCC, removalwithwide surgical excision
is recommended, with lymph node dissection only necessary when
there is clinical evidence of axillary spread. Histopathological
confirmation, along with immunohistochemical evaluation and
clinical history, is fundamental for the correct diagnosis of this
rare type of tumour2.
Therefore, the rarity of this case, its diagnostic difficulty, and the

uncertainties regarding the best treatment to be instituted justify
the writing of this article.

2. Case Report

Female patient, 64 years old, black race, G3P3C0A0, menarche
at age 15, menopause at age 53, with no prior use of hormone
replacement therapy. She reported being a chronic smoker, with
no other reported comorbidities or relevant family history.
The patient was referred to the Mastology Service with a history

of a palpable nodule in the left breast, associated with progressive
growth. On physical examination, the left breast was larger than
the right, due to a large nodule in the left breast, measuring
more than 10 cm, associated with an ulcerated lesion, local skin
thickening, and the presence of palpable lymph nodes in the
ipsilateral axillary region (Figure 1).
Regarding the complementary exams, the patient brought a

recent mammogram, classified as BIRADS 3 (Breast Imaging
Reporting and Data System), which described a solid, hypoechoic,
oval nodule with circumscribed margins, located at the junction
of the medial quadrants of the left breast, measuring 4,5 x 4,0 x 4,3
cm.
In light of the clinical findings, a core biopsy of the lesion

guided by ultrasound was requested, whose anatomopathological
examination revealed a poorly differentiated, solid carcinoma.
Immunohistochemistry revealed a triple-negative pattern, with
negative estrogen receptor (ER), progesterone receptor (PR), and
human epidermal receptor (HER2) and a proliferation antigen
(Ki-67) of 70%.

Figure 1. Physical examination showing a large tumor lesion in the left breast, with significant distension and ulceration of the skin, with associated
secretion.

Source: author's own.
The chest CT scan showed a small solid subpleural nodule in the

posterior basal segment of the left lower lobe, measuring 0.7 x 0.7
cm, suggestive of secondary pleuropulmonary involvement. Breast
ultrasound showed a heterogeneous nodular formation, difficult
to measure, occupying the entire left mammary parenchyma, asso-
ciated with the presence of ipsilateral axillary lymphadenopathy,
measuring 2.6 x 1.2 cm, which is atypical. Both bone scintigraphy
and abdominal tomography were negative for secondary lesions.
Due to the size of the lesion, the patient was referred to the

Oncology Service for neoadjuvant chemotherapy. Treatment with

paclitaxel and carboplatin was chosen because this combination
is widely recommended and used in advanced cases of breast and
gynecological neoplasms and, as neoadjuvant chemotherapy, sig-
nificantly increases the complete pathological response. However,
after four cycles with this weekly protocol, the patient showed a
poor response and significant tumour progression and was then
submitted to hygienic mastectomy surgery.

Lombardi et al.
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Figure 2. Radical mastectomy of the left breast, Halsted type (A, B and C). Intercostal muscle, without the pectoralis major muscle, is already excised (D).
Final closure with skin suture and Portovac drain (E). Final view of the surgical specimen (left breast).

Source: author's own.

The histopathological examination revealed invasive carcinoma with squamous differentiation, ulcerated, grade 3, measuring 17.0 x 12.0
x 10.0 cm, with focal angiolymphatic invasion, infiltration of the pectoral muscle and free margins (pT4b pNx pMx) (Figure 3).

Figure 3. Histopathological examination of the surgical specimen showed invasive carcinoma with Ulcerated Squamous Cell Differentiation.

Source: author's own.

Only after performing immunohistochemistry on the surgical specimen was the diagnosis of keratinising squamous cell carcinoma
(SCC) definitively confirmed (Figure 4).

Figure 4. Immunohistochemistry panel confirming the diagnosis of keratinising squamous cell carcinoma.

Source: author's own.
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GJMR-F Vol. 26 Issue 1 · 2026 3



In the immediate postoperative period, the patient developed
dehiscence of the surgical wound, in addition to disease pro-
gression in the anterior mediastinum and pleura. The case was
discussedwith the Clinical Oncology and Radiotherapy teams, and
it was decided to perform palliative radiotherapy in the anterior
hemithorax, followed by capecitabine as a second-line treatment.
Upon conducting a new chest CT scan for therapeutic planning, a
mass was found in the sternal region, with a significant increase
in tumour volume. The adoption of exclusive palliative care was
discussed with the patient and her family, and it was agreed that
no further interventions would be performed.

3. Discussion

Primary squamous cell carcinoma of the breast is very rare, with a
prevalence of 0.06% to 0.2% in malignant breast neoplasms2,3. It is
called primary pure squamous cell carcinoma when the malignant
cells are all of the squamous cell type, there is no relation with the
skin, and if there is no indication for a primary location somewhere
else in the body5. Furthermore, it has a rapid and aggressive course,
with a recurrence rate of 25% andmetastasis in 50% of cases3,6. SCC
typically progresses rapidly and is highly invasive, most frequently
found on exposed body surfaces most frequently seen in the sun
and is uncommon in the breasts2.
For a more accurate diagnosis, it is essential to differentiate

between squamous cell carcinoma (SCC) of the skin and primary
squamous cell carcinoma of the breast, which differ in their
epidemiology and histopathology. The former is more prevalent in
black individuals and in males, and its most common clinical
manifestation is an erythematous-squamous or slightly raised
plaque. Furthermore, it can present as an ulcerated lesion with
irregular borders or as an exophytic nodular lesion, similar to that
presented in the case described6. The latter is prevalent in white
women and may originate from the epidermis, nipple, or even the
epithelium of a deep epidermoid cyst or squamous metaplasia3,5.
It is important to distinguish this type frommixed tumours, where
some patches of squamous cells can be found in adenocarcinoma
of the breast and frommetastasis of squamous cell carcinoma that
originated elsewhere. The etiology and pathogenesis of squamous
cell carcinoma of the breast is still unclear. It has been suggested
that it may be a very extreme form of squamous cell metaplasia,
developing into an adenocarcinoma7.
The clinical presentation may be painful breast inflammation or

a tumor that is always larger than that of breast adenocarcinoma,
similar to that found in the case described8.
Regarding imaging studies, there are no typical findings on

mammography, and ultrasound may show a complex cyst or an
inflammatory process5. In our case, mammography showed only
one solid, hypoechoic nodule with circumscribed margins, located
at the junction of themedial quadrants of the left breast, measuring
4,5 cm. The patient did not undergo breast ultrasound. It is still
debatable whether investigations such as PET scans, in search of
distant metastases or a primary squamous tumour site, should be
performed9.
For a more precise diagnosis, a core needle biopsy should be

performed, as it provides a greater amount of material (tissue)
to be analysed6. Regarding the diagnosis, immunohistochemical
examination should always be performed, as it allows confirmation
of the squamous nature of the tissue and differentiation from other
types of breast carcinomas, such as metaplastic carcinoma5. This
differentiation is of great importance, as primary squamous cell

carcinoma of the breast behaves more aggressively than other
breast cancers5.
Squamous cell carcinoma of the breast may require surgery

with wide excision to obtain clear margins, as occurred in the
reported case2. Regarding lymph node dissection, it should only be
indicated when there are signs of axillary invasion, either clinically
or by ultrasound2.
Treatment is not specific due to the lack of an established

protocol; however, one possible treatment involves adjuvant hor-
monal therapy with tamoxifen, which is essential when patients
are positive for estrogen and progesterone receptors3. Squamous
cell carcinomas are generally hormone receptor-negative8,10. For
patients with negative expression of these receptors, conventional
chemotherapy is necessary, as used in the aforementioned case5.
Postoperative chemotherapy should be recommended and,

similar to other cases reported in the literature, the combination of
paclitaxel and carboplatin appears to be the best option currently5.
This chemotherapy regimen is used in advanced cases of breast,
ovarian, and lung cancer. Both cisplatin and carboplatin interact
with DNA, inhibiting cell growth (paclitaxel) and damaging tumor
DNA (carboplatin), with a high rate of pathological complete
response when used in neoadjuvant chemotherapy11. They have
a mechanism of action similar to bifunctional alkylating agents,
destroying rapidly dividing tumor cells12.
Regarding radiotherapy, it is recommended to administer it as

adjuvant therapy, however the radiosensitivity of squamous cell
carcinomas is still uncertain. The 5-year survival rate is around
67%13.
Therefore, primary squamous cell carcinoma of the breast is

an uncommon finding. Its existence and possible evolution from
an apparently benign lesion remain uncertain. For its definitive
diagnosis, we emphasize the importance of histopathological
examination and immunohistochemistry. Regarding treatment,
the role of surgery is well established, but the role of adjuvant
therapy is not yet well defined5.
In this particular case, the patient began treatment with neoad-

juvant chemotherapy, showing a poor response with disease pro-
gression, and subsequently underwent radical breast surgery due
to the size of the initial lesion, with clear surgical margins. Despite
all the treatment instituted and due to the aggressive nature of the
neoplasm, the patient soon experienced significant mediastinal
recurrence, considered inoperable, and was referred for palliative
and supportive care.
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Key Clinical Message

A 21 year old male presented with Right hydrocele with pain in Right hemi
scrotum which was diagnosed clinically and radiologically as torsion and
subjected to orchidectomy. Histopathology revealed filariasis. The case
has been presented for its rarity.

1. Introduction

F ilariasis is a parasitic infection endemic to tropical and
subtropical regions. The disease primarily affects the body’s

lymphatic system. In India, heavily infected areas with filariae
found in Orissa, Uttar Pradesh, Bihar, Andhra Pradesh, Tamil
Nadu, Kerala, and Gujarat. [1] Genital filariasis in India more
commonly presents as a secondary vaginal hydrocele with an
associated epididymo-orchitis. [2] While testicular involvement is
rare, the clinical manifestations of filariasis vary from person to
person, depending on the course of infection and the worm load.
It is very uncommon to find adult worm in the testis.

2. Case History
A 21-year-old young man presented with a history of pain and
swelling in the Right hemiscrotum for 3–4 days with a history of
trauma to scrotal area due to a fall 7–8 days back.
On examination, a tense cystic swelling of Rt hemiscrotum, firm

in consistency, and a firm cord in consistency were found. USG
examination of Rt testis was done and reported as Rt hematocele
with Rt testicular torsion.

3. Treatment and Histopathology
Patient underwent a right orchiectomy. The specimen was sent for
histopathological examination in 10% formalin. On examination,
the entire right testis was dark brown. Histopathological examina-
tion showed a scanty rim of testicular tissue with extensive area

of hemorrhage and necrosis, adult filarial worm surrounded by
dense inflammatory cell infiltration of neutrophils, lymphoplas-
mocytes, and eosinophils were seen. No significant pathology was
detectable in the epididymis or spermatic cord. Ahistopathological
diagnosis of right-sided filarial orchitis was given.

Figure 1. Female adult filarial worm in testicular parenchyma (H&E
stain, 100X)
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Figure 2. Double-barrel uterus of female adult filarial worm with microfilariae seen against the background of mixed inflammatory infiltrate (H&E stain,
400X)

4. Discussion

The filarial orchitis simulates grossly with neoplastic and non-
neoplastic testicular and paratesticular lesions that include
non-specific orchitis, tuberculous epididymo-orchitis, malignant
mesothelioma, adenomatoid tumors, mesothelioma cyst and re-
active mesothelioma hyperplasia, malakoplakia, sarcoidosis, and
inflammatory pseudotumor. [3]
The filarial infection is prevalent in both urban and rural

areas. Adult worms are found in the lymphatic vessels and
lymph nodes of humans only; there is no animal reservoir. Adult
worms in the lymphatic channels produce clinical manifestations
of the disease due to lymphatic dysfunction, obstruction, and
inflammation. Genital bancroftian filariasis may manifest in
several ways including hydrocoele, lymph varix, lymph scrotum,
filarial penis or elephantiasis of the genitalia, and chyluria.
Hydrocoele accounts for 90% of the morbidity due to genital
filariasis. Diagnosis of genital filariasis can be confirmed by
direct demonstration of microfilaria in blood or aspirated fluid
unequivocally. The tools available for the detection of active
infection in an amicrofilaremic patient are circulating filarial
antigen (CFA) tests and ultrasound with a high-frequency probe
showing filaria dance sign (FDS). [4] This case report highlights an
unusual presentation of genital filariasis where intense congestion
of the testis and epididymis with microfilaria resulted in acute
scrotum masquerading as testicular torsion.

5. Conclusion

Filarial orchitis may simulate clinically with many neoplastic and
non-neoplastic lesions. The various differential diagnoses must be
kept in mind when dealing with testicular swellings, especially in
endemic areas, to avoid unnecessary orchidectomy.
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Abstract

Background: Chronic kidney disease (CKD) is a progressive condition leading to end-stage renal disease (ESRD), often requiring

hemodialysis. Hemodialysis imposes significant physical and psychological demands not only on patients but also on family

members, who serve as primary caregivers. High caregiver stress can adversely affect both caregiver well-being and patient

outcomes.

Objectives: This study aimed to assess the level of stress among family members of patients undergoing hemodialysis and to

examine its association with socio-demographic and patient-related factors.

Methods: A descriptive cross-sectional design was employed involving 120 family caregivers at a selected hospital in Gazipur,

Dhaka. Data were collected using a structured socio-demographic questionnaire and the Kingston Caregiver Stress Scale.

Descriptive statistics summarized caregiver characteristics and stress levels, while Chi-square and t-tests assessed associations

with selected variables.

Results: Findings revealed that 74.2% of caregivers experienced severe stress, 25% moderate stress, and 0.8% low stress. Stress

levels were significantly associated with age, gender, family type, marital status, income, area of residence, and patient condition

severity. Younger caregivers, males, those from nuclear families, and caregivers of patients with severe illness reported higher

stress.

Conclusion: Family caregivers of hemodialysis patients experience substantial stress influenced by multiple socio-demographic

and patient-related factors. Integrating targeted interventions, including counseling, educational programs, and social support,

into routine hemodialysis care is essential to reduce stress, enhance caregiver well-being, and improve patient outcomes.
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1. INTRODUCTION

C hronic kidney disease (CKD) is a progressive, irreversible
condition characterized by a gradual decline in kidney

function, ultimately leading to end-stage renal failure (ESRD),
which requires renal replacement therapies such as hemodialysis
(HD) or kidney transplantation for survival (Cao, Chen, Liu,
Wu, & Gao, 2025). CKD has emerged as a major global public
health challenge, with prevalence rising due to aging populations,
lifestyle changes, and increasing rates of diabetes and hypertension
(Cao et al., 2025). In Bangladesh, CKD incidence is particularly
concerning, with many patients affected by comorbidities and
limited access to specialized care (Kar & Islam, 2023; Fatemaa et
al., 2025). For most ESRD patients in low- and middle-income
countries, hemodialysis remains the most accessible and life-
sustaining treatment (Kar & Islam, 2023).
Hemodialysis is the most commonly used treatment for kidney

failure. It is a procedure in which a dialysis machine and a special
filter—also known as an artificial kidney or dialyzer—are used
to remove waste products and excess fluids from the blood when
kidney function is impaired. The number of individuals undergo-

ing hemodialysis is increasing each year. This time-intensive and
expensive therapy imposes both physical and psychosocial stress,
creating a significant burden on patients and their families (George,
Zaidi, & Kazmi, 2022). Hemodialysis is often considered a “family
illness,” with family caregivers serving as essential partners in the
therapeutic process. Caregivers frequently prioritize the needs of
patients over their own, spending less time on health-promoting
activities, which adversely affects their own health and disrupts
their daily routines (Ebadi, Sajadi, Moradian, & et al., 2021).
While life-saving, hemodialysis imposes substantial physical

and psychological demands on patients. Common physiological
challenges include fatigue, anemia, vascular access complications,
and cardiovascular comorbidities (Hejazi, Hosseini, Ebadi, &
et al., 2021). Patients must also adhere to strict dietary and
fluid restrictions, frequent hospital visits, and lengthy dialysis
sessions multiple times per week (George, Zaidi, & Kazmi, 2022).
These challenges extend to family members, who act as informal
caregivers and bear significant responsibility in ensuring treatment
adherence, monitoring complications, and providing emotional
and practical support (Ebadi, Sajadi, Moradian, & et al., 2021).
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Family caregivers play a pivotal role in ESRD management,
yet caregiving is often associated with high levels of stress and
reduced quality of life (QoL) (Akbari, Farsi, & Sajadi, 2023;
Pio, Prihanto, Jahan, Hirose, Kazawa, & Moriyama, 2022). In
South Asia, family caregiving is strongly influenced by cultural
expectations, with emotional bonds and familial obligations
promoting close involvement in patient care (Khouban-Shargh,
Mirhosseini, Ghasempour, & et al., 2024). While this involvement
can improve patient outcomes, it frequently leads to psychological
and social burdens, including anxiety, depression, and social
isolation, adversely affecting both caregiver well-being and the
quality of care provided (Akbari et al., 2023; George et al., 2022;
Pio et al., 2022).
Caregiver burden encompasses both objective and subjective

dimensions. Objective burden refers to tangible disruptions such
as time constraints, reduced social interactions, and physical strain,
while subjective burden involves emotional and psychological
responses, including stress, frustration, and feelings of inadequacy
(Ebadi et al., 2021). Evidence indicates that caregiver stress inten-
sifies as patients’ disease progresses or as treatment complexity
increases, potentially leading to burnout and reduced caregiving
capacity (Khouban-Shargh et al., 2024; Al Maqbali, Al Omari,
Abu Sharour, & et al., 2025). In Bangladesh, financial challenges,
limited access to renal replacement therapy, and inadequate health-
care infrastructure exacerbate caregiver stress, creating a unique
burden for family members (Fatemaa et al., 2025; Kar & Islam,
2023).
Perceived stress reflects a caregiver’s appraisal of their ability

to manage caregiving demands. High levels of perceived stress
are associated with anxiety, depression, and decreased QoL
(Khouban-Shargh et al., 2024; Al Maqbali et al., 2025; George et al.,
2022). Stress often has reciprocal effects: as patients experience
physical or emotional distress, caregiver stress increases, which
can negatively impact patient care and outcomes (Ebadi et al.,
2021; Hejazi et al., 2021). Studies in Indonesia and Iran report that
family caregivers of hemodialysis patients commonly experience
moderate to high levels of stress, highlighting the global relevance
of this issue (Pio et al., 2022; Khouban-Shargh et al., 2024).
Stress management and social support are key factors in mitigat-

ing caregiver stress. Structured programs that focus on adaptive
coping strategies, problem-solving, relaxation techniques, and
emotional regulation can significantly reduce perceived stress and
enhance QoL and caregiving effectiveness (Khouban-Shargh et al.,
2024; Al Maqbali et al., 2025). Social support from family, friends,
or community networks reduces perceived stress, improves coping,
and strengthens caregivers’ ability to provide effective patient care
(George et al., 2022; Pio et al., 2022).
Despite growing awareness of caregiver stress, research specif-

ically focusing on family caregivers in low- and middle-income
countries, including Bangladesh, remains limited. Local evidence
suggests caregivers face unique challenges due to insufficient
healthcare resources, financial constraints, and social pressures
(Kar & Islam, 2023; Fatemaa et al., 2025). Understanding the
prevalence and determinants of stress among caregivers is there-
fore essential for designing culturally appropriate interventions
that enhance both caregiver well-being and patient outcomes.
ESRD and hemodialysis impose considerable psychological and

social demands on family caregivers. High levels of stress among
caregivers negatively affect QoL and caregiving capacity (Akbari
et al., 2023; Khouban-Shargh et al., 2024; George et al., 2022; Pio
et al., 2022). Addressing caregiver stress through structured inter-
ventions and strong social support networks is crucial for holistic

ESRD management, particularly in resource-limited settings like
Bangladesh. This study aims to assess the level of stress among
family caregivers of patients undergoing hemodialysis and identify
contributing factors to guide interventions that improve caregiver
and patient outcomes.

2. MATERIALS ANDMETHODS
2.1. Research Approach
A quantitative research approach was adopted to systematically
examine the stress levels experienced by family members of
patients with end-stage renal failure undergoing hemodialysis.
This approach facilitated the collection of numerical data that
could be statistically analyzed, allowing for objectivemeasurement
and reliable conclusions regarding caregivers’ stress.

2.2. Research Design
A descriptive cross-sectional design was employed to provide a
snapshot of the stress levels and copingmechanisms among family
members at a specific point in time. This design enabled the study
to explore and describe the experiences and challenges of patients
in the hemodialysis unit.

2.3. Sample
The study population comprised family members of patients
undergoing hemodialysis at a selected Hospital in Gazipur, Dhaka.
The accessible population included family members present
during the data collection period who consented to participate.
Using a non-probability convenience sampling technique, a total
of 120 participants were selected.

2.4. Criteria for Sample Selection
Inclusion Criteria: The study included family members who
accompanied patients during hemodialysis and provided essential
support. Participants were required to be present during the data
collection period and be aged 25 years or older.
Exclusion Criteria: Family members who were not directly

related to the patient, such as friends or extended relatives, were
excluded. Additionally, those who were unwilling to participate,
unable to read or write in Bangla, absent during the data collection
period, or younger than 25 years were not considered for the study.

2.5. Tool for Data Collection
Data were collected using a structured questionnaire consisting of
two sections. Section A gathered socio-demographic information,
including age, gender, education, occupation, relationship to the
patient, and other relevant characteristics. Section B employed the
Kingston Caregiver Stress Scale (KCSS), a standardized 10-item
instrument designed to assess caregiver stress. Each item was
rated on a 5-point Likert scale, where 1 indicated ”No Stress” and 5
indicated ”Extreme Stress.” Total scores ranged from 10 to 50 and
were categorized as Low Stress (10–20), Moderate Stress (21–30),
High Stress (31–40), and Extreme Stress (41–50). The KCSS was
validated and culturally adapted into Bangla for use in this study
to ensure clarity and appropriateness for participants (Sadak et al.,
2017; García-Martínez et al., 2021).

2.6. Data Collection Procedure
After obtaining ethical approval and hospital permission, partici-
pantswere approached in thewaiting area of the hemodialysis unit.
The researcher explained the study purpose, obtained informed
consent, and provided the structured questionnaire. Participants

Chadayan et al.
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completed the self-administered questionnaire in 15–20 minutes,
with clarification provided as needed.

2.7. Data Processing and Analysis
Data were coded and analyzed using descriptive statistics (fre-
quency, percentage, mean, standard deviation) for demographic
variables. Inferential statistics, specifically the Chi-square test,
were employed to assess associations between stress levels and se-
lected socio-demographic variables. Study findings were presented
in tables and graphs (bar charts and pie charts).

2.8. Ethical Considerations
The study adhered to the principles of the Declaration of Helsinki
and received ethical clearance from the Institutional Ethical
Review Board (IERB) of selected institution (Approval No:
EMC/IERB/2024/10-17, October 29, 2024). Participants were
provided with detailed information sheets and consent forms
indicating the purpose, methods, and voluntary nature of the
study. The participation was risk-free to the participants, and
confidentiality and anonymity were guaranteed at all stages of the
study. In addition, institutional clearance was also obtained from
the study site prior to data collection.

3. RESULTS
Table 1 reveals that most family members accompanying patients
with end-stage renal failure undergoing hemodialysis were aged
20–30 years (31.7%), followed by those aged 41–50 years (27.5%)
and 31–40 years (24.2%), with 16.7% aged 51 years and above.
Slightly more than half were male (53.3%), and the majority were
married (65.8%) and Muslim (81.7%). High school education
was most common (31.7%), and housewives formed the largest
occupational group (28.3%), followed by private employees (16.7%)
and government employees and farmers (12.5% each). Most
participants belonged to joint families (59.2%) and were spouses
of the patients (45.0%). Family income was fairly distributed, with
31.7% earning above BDT 20,001. Participants predominantly
resided in rural areas (42.5%), followed by semi-urban (37.5%) and
urban areas (20.0%). The majority were always present with the
patient (41.7%), and most patients’ conditions were of moderate
severity (60.0%).
Table 2 reveals that the majority of family members of patients

with end-stage renal failure undergoing hemodialysis experienced
severe stress, accounting for 74.2% of the sample. A smaller
proportion reported moderate stress (25.0%), while only 0.8% of
participants experienced low stress. This indicates thatmost family
members face a high level of psychological burden while caring
for patients undergoing hemodialysis.
Table 3 reveals that stress levels among family members of

patients undergoing hemodialysis were significantly associated
with age, gender, and occupation. Severe stress wasmost prevalent
across all age groups, particularly among participants aged 31–40
years (24.2%) and 20–30 years (22.5%). Gender differences were
also evident, with a higher proportion of males (45.8%) experi-
encing severe stress compared to females (28.3%), while moderate
stress was slightly higher among females (17.5%) thanmales (7.5%).
Occupation showed a significant association with stress, with se-
vere stress being more common among private employees (14.2%)
and government employees (5.8%), whereas moderate stress was
observed mainly among government employees (6.7%). These
findings indicate that age, gender, and occupation are important

factors influencing the psychological burden of family members
caring for patients undergoing hemodialysis.
Table 4 reveals that mean stress scores among family members

of patients undergoing hemodialysis differed significantly across
several selected variables. Age was significantly associated with
stress (𝐹 = 9.69, 𝑝 < 0.01), with the highest mean stress observed
in the 31–40 years group (36.89 ± 3.00) and the lowest in those
aged 51+ years (30.55 ± 3.73). Gender also showed a significant
difference (𝑡 = 2.51, 𝑝 = 0.01), with males (34.60 ± 5.45) having
slightly higher stress than females (34.44 ± 3.00). Family type
influenced stress levels significantly (𝑡 = 5.46, 𝑝 < 0.01), with
participants from nuclear families (36.12 ± 3.58) experiencing
higher stress than those from joint families (31.85 ± 4.58).

Evaluating Stress among Family Caregivers of Hemodialysis Patients with End-Stage Renal Disease
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Table 1. Distribution of Demographic Variables among Family Members (N = 120)

Demographic Variable Category n %

Age (years) 20–30 38 31.7
31–40 29 24.2
41–50 33 27.5
51 and above 20 16.7

Gender Male 64 53.3
Female 56 46.7

Marital Status Unmarried 38 31.7
Married 79 65.8
Others 3 2.5

Religion Islam 98 81.7
Hindu 17 14.2
Christian 4 3.3
Buddhist 1 0.8

Level of Education No formal education 19 15.8
Primary school 30 25.0
High school 38 31.7
Collegiate 33 27.5

Occupation Government employee 15 12.5
Private employee 20 16.7
Retired 9 7.5
Farmer 15 12.5
Daily worker 8 6.7
Student 12 10.0
Businessperson 7 5.8
Housewife 34 28.3

Table 2. Distribution of Stress Levels among Family Members (N = 120)

Level of Stress n %

Low 1 0.8
Moderate 30 25.0
Severe 89 74.2
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Table 3. Association between Stress Levels and Socio-Demographic Variables

Demographic Variable Low Stress n (%) Moderate Stress n (%) Severe Stress n (%) 𝜒2 p-value

Age (years) 19.1 <0.01
20–30 1 (0.8) 10 (8.3) 27 (22.5)
31–40 0 0 29 (24.2)
41–50 0 10 (8.3) 23 (19.2)
51+ 0 10 (8.3) 10 (8.3)

Gender 10.79 <0.01
Male 0 9 (7.5) 55 (45.8)
Female 1 (0.8) 21 (17.5) 34 (28.3)

Occupation 24.41 0.04
Govt. Employee 0 8 (6.7) 7 (5.8)
Private Employee 1 (0.8) 2 (1.7) 17 (14.2)
Others — — —

Table 4. Comparison of Stress Levels by Selected Variables

Variable Category Mean Stress Score SD df F/t p-value CI

Age 20–30 33.36 5.45 3 9.69 <0.01 —
31–40 36.89 3.00
41–50 32.81 3.82
51+ 30.55 3.73

Gender Male 34.60 5.45 — 2.51 0.01 0.45–3.87
Female 34.44 3.00

Family Type Nuclear 36.12 3.58 — 5.46 <0.01 2.71–5.80
Joint 31.85 4.58

Marital Status Married 32.73 4.54 2 6.55 <0.01 —
Unmarried 35.68 4.44

Others 30.00 1.73

Monthly Income 5001–10000 34.28 4.09 3 5.23 <0.01 —
10001–15000 36.21 3.45
15001–20000 31.51 5.77
Above 20001 33.32 3.97

Area of Residence Rural 32.66 4.82 2 5.66 <0.01 —
Semi-Urban 35.37 4.31

Urban 32.25 4.15

Patient Condition Mild 31.72 6.33 2 13.59 <0.01 —
Moderate 32.62 3.95

Severe 37.06 3.35
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4. DISCUSSION

The findings of this study provide a comprehensive understanding
of the demographic characteristics, stress levels, and associated
factors among family caregivers of patients undergoing hemodial-
ysis. As shown in Table 1, the majority of caregivers were young
adults aged 20–30 years (31.7%), followed by those aged 41–50
years (27.5%) and 31–40 years (24.2%). This predominance of
younger caregivers aligns with international evidence indicating
that adult children and spouses commonly assume caregiving
responsibilities, particularly in contexts where institutional sup-
port for chronic illness is limited (Ebadi et al., 2021; Al Maqbali
et al., 2025). The slightly higher proportion of male caregivers
(53.3%) contrasts with studies reporting a predominance of female
caregivers (Tudayan-Espiritu, 2024; Shukri et al., 2020), suggesting
context-specific socio-cultural dynamics may influence caregiving
roles, such as male participation in hospital accompaniment and
family decision-making. Most participants were married (65.8%)
and identified as spouses of the patients (45.0%), emphasizing the
central role of familial relationships in caregiving and support-
ing Tao et al.’s (2023) dyadic framework, which recognizes the
interdependent health outcomes of patients and their caregivers.
Educational attainment and occupational status emerged as

key factors influencing caregiver stress. High school education
was most common (31.7%), while housewives constituted the
largest occupational group (28.3%), followed by private (16.7%)
and government employees (12.5%). Prior studies have indicated
that lower educational attainment may limit health literacy and
coping strategies, thereby exacerbating stress (Padekar et al.,
2024; Surani et al., 2021). However, the observed stress among
employed caregivers highlights the additional burden imposed by
work responsibilities, supporting the assertion that professional
demands interact with caregiving duties to heighten psychological
strain (Intas et al., 2020). Furthermore, most participants lived
in joint family systems (59.2%) and rural areas (42.5%), factors
previously identified asmoderating stress through enhanced social
support and shared caregiving responsibilities (Tao et al., 2023;
Sułkowski et al., 2024).
Table 2 demonstrates that an overwhelming 74.2% of caregivers

experienced severe stress, with only 0.8% reporting low stress.
These findings are consistent with existing literature showing high
prevalence of psychological distress—including anxiety, depres-
sion, and sleep disturbances—among caregivers of hemodialysis
patients (Gerogianni et al., 2021; Shukri et al., 2020; Intas et al.,
2020). The severity of stress reflects the complex and enduring
nature of caregiving, which often requires managing patients’
medical needs, emotional support, and coordination with health-
care systems, potentially leading to significant psychosocial strain
(Ebadi et al., 2021).
The associations between stress and caregiver characteristics

(Tables 3 and 4) further elucidate the determinants of psycholog-
ical burden. Younger caregivers, particularly those aged 20–40
years, reported the highest stress levels, possibly due to competing
personal, occupational, and familial responsibilities (Al Maqbali
et al., 2025). Gender differences were also notable, with males
exhibiting slightly higher mean stress scores than females. This
finding diverges from prior studies emphasizing higher female
stress, suggesting that contextual factors—such as economic re-
sponsibilities, primary decision-making roles, or the nature of pa-
tient accompaniment—may amplify stress among male caregivers
in this setting (Tudayan-Espiritu, 2024).

Occupational status and income were significantly associated
with stress levels, with caregivers in the 10,001—15,000 BDT
range experiencing the highest stress. This underscores the role of
financial strain in exacerbating caregiver burden, in line with prior
evidence linking economic hardship to psychological distress (Al
Maqbali et al., 2025; Padekar et al., 2024). Additionally, semi-urban
residents reported higher stress levels, possibly reflecting the chal-
lenges of limited healthcare infrastructure, travel requirements for
treatment, and competing work obligations. Family structure also
influenced stress: participants from nuclear families experienced
higher stress than those from joint families, highlighting the
buffering role of extended family support in mitigating caregiver
burden (Tao et al., 2023; Surani et al., 2021).
Crucially, patient-related factors, particularly the severity of

illness, were strongly associated with caregiver stress. Caregivers
attending to patients in severe condition reported the highest
stress levels (37.06 ± 3.35), indicating that caregiving demands
escalate as patient health deteriorates. This finding corroborates
the dyadic illness management theory, which emphasizes the
interconnectedness of patient and caregiver well-being (Tao et
al., 2023). It also suggests that interventions must consider
both patient clinical status and caregiver psychosocial needs to
effectively reduce stress and improve overall outcomes.
While these results are broadly consistent with the literature,

several critical considerations warrant attention. First, the predom-
inance of severe stress among caregivers may reflect the study’s
hospital-based sampling, which could overrepresent caregivers of
more critically ill patients. Second, the reliance on self-reported
measures may introduce response bias, potentially inflating per-
ceived stress levels. Third, socio-cultural and economic contexts
may limit the generalizability of findings to other populations or
healthcare settings. Despite these limitations, the study provides
valuable insights into the factors influencing caregiver stress and
highlights the urgent need for targeted interventions.
Practical implications are clear. Structured family-based in-

terventions, including educational programs, counseling, respite
services, and financial guidance, have demonstrated effectiveness
in reducing caregiver burden and improving quality of life (Surani
et al., 2021; Intas et al., 2020). Moreover, early identification of
high-risk caregivers based on demographic and patient-related
factors—such as age, family type, income, and patient illness
severity—can enable proactive psychosocial support. Policy ini-
tiatives should integrate caregiver support into routine hemodial-
ysis care, including stress management programs, social support
enhancement, and training to improve coping strategies. Such
interventions may not only enhance caregiver well-being but also
indirectly improve patient adherence and clinical outcomes.

5. CONCLUSION
Caregivers of hemodialysis patients experience substantial psy-
chological burden, with stress levels influenced by demographic,
socio-economic, familial, and patient-related factors. Younger
caregivers, males, those from nuclear families, and individuals
with lower income or caring for patients in severe conditions
are particularly vulnerable to elevated stress. These findings
highlight the urgent need for support strategies that address both
the practical and emotional challenges of caregiving. Interventions
such as counseling, educational programs, respite services, and
enhanced social support can reduce stress, improve quality of
life, and promote more effective caregiving. Integrating caregiver-
focused initiatives into routine hemodialysis care is essential not
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only to safeguard caregiver well-being but also to improve patient
outcomes, ensuring a holistic and sustainable approach to chronic
kidney disease management.
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leaves unresolved several clinical paradoxes, including rapid reversibility of hyperglycemia, metabolically healthy obesity, and
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reconcile with explanations grounded in intrinsic cellular defects or evolutionary adaptation. An alternative interpretation based

on chronic substrate overload and altered metabolic flux is presented as a more coherent framework for understanding the

observed phenotype. This reinterpretation has implications for both research priorities and therapeutic strategy, suggesting that
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1. Introduction

T ype 2 diabetes mellitus has become one of the most conse-
quential chronic diseases of modern medicine. Its prevalence

has risen sharply within a historically brief period, both in the
United States and globally. Earlier national estimates placed
diabetes at a comparatively low prevalence in the mid-twentieth
century, whereas current estimates show a many-fold increase,
now affecting a large share of adults. The scale and speed of
this rise demand a careful re-examination of the dominant causal
framework used to explain hyperglycemia in T2DM [1, 2].
The prevailingmodel holds thatT2DMdevelops because skeletal

muscle, adipose tissue, and liver become resistant to insulin. In
this account, muscle fails to take up glucose efficiently, adipose tis-
sue does not adequately suppress lipolysis, and the liver continues
to release glucose despite circulating insulin. Hyperinsulinemia is
then interpreted as a compensatory response to diminished insulin
action. This framework has shaped research priorities, clinical
language, drug development, and public understanding of diabetes
for decades [3].
Yet the apparent explanatory success of the insulin resistance

model has masked a series of unresolved problems. The term
itself often functions more as an interpretation of measured
glucose dynamics than as a directly demonstrated lesion in cell
biology. Measures such as HOMA-IR and clamp studies quantify
relationships among glucose uptake, glucose production, and
insulin concentration, but they do not directly identify a primary
molecular defect that causes those relationships. In effect, the
field observes altered glucose handling and names the observation

insulin resistance, then uses that label to explain the same
observation. The result is a concept with substantial descriptive
utility but uncertain causal precision [4, 5].
This paper does not deny that reduced glucose disposal can

be observed in T2DM. Rather, it questions whether such obser-
vations justify the conclusion that a primary defect in insulin
signaling is the central biological driver of the disease. Drawing
from prior analyses of conceptual gaps, physiological paradoxes,
epidemiological trends, and a set of technical questions regarding
substrate competition, this article argues that the insulin resistance
paradigm is internally inconsistent in important respects and may
not provide the most coherent account of hyperglycemia.

2. Historical Development of the Insulin Resis-
tance Concept

The intellectual history of insulin resistance helps explain why the
idea achieved such centrality despite its unresolved ambiguities.
Once insulin had been identified as essential for glucose regulation,
and once insulin therapy transformed the outlook for patients
with Type 1 diabetes, it was natural for clinicians to interpret
hyperglycemia broadly through an insulin-centered lens. When
adults with diabetes were found to have normal or elevated insulin
levels, reduced responsiveness of target tissues appeared to offer
a convenient explanation. The concept of insulin resistance thus
emerged not from direct observation of a specific molecular failure,
but from the need to reconcile hyperglycemia with the presence
of insulin [6].
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As the twentieth century progressed, this interpretation hard-
ened into doctrine. Classification systems distinguished juvenile
from adult-onset diabetes, and the latter became increasingly
framed as a disorder of impaired insulin action rather than ab-
solute insulin deficiency. The glucose clamp technique later
gave investigators a rigorous way to compare insulin levels with
glucose disposal, and lower-than-expected disposal rates were
interpreted as evidence that tissues had become resistant. This was
an important methodological advance, but it still did not establish
why glucose uptake was reduced. It quantified the phenomenon;
it did not settle the cause [5].
Over time, the language of insulin resistance acquired a status

beyond that warranted by the evidence supporting it. What began
as an interpretive construct increasingly came to be treated as a
primary lesion that could unify the metabolic abnormalities of
T2DM. Yet the historical path by which the concept arose suggests
caution. It was inferred from outcomes, generalized across tissues,
and then institutionalized in textbooks and treatment paradigms
before a unifying biological mechanism had been demonstrated.
This history does not invalidate the concept, but it does mean that
its causal authority should remain open to scrutiny [5, 6].

3. Definitional and Conceptual Problems
A central weakness of the insulin resistance paradigm lies in its
imprecision. In common usage, insulin resistance can refer to
reduced whole-body glucose disposal, impaired insulin-stimulated
glucose transport, failure of insulin to suppress hepatic glucose
production, or a broad syndrome inferred from surrogate indices.
These are related but not identical phenomena. Because the term
spans multiple levels of description, it can create an illusion of
explanatory unity where none has been established [3, 4].
The problem is especially evident in causal reasoning. If

elevated glucose and elevated insulin coexist, the relationship is
commonly interpreted as evidence that tissues are not responding
appropriately to insulin. However, this conclusion is not the only
possible interpretation. Hyperglycemia resulting from reduced
glucose utilization can arise from changes in substrate availability,
intracellular fuel prioritization, storage capacity, hepatic overflow
physiology, or adaptive endocrine responses. By treating all such
possibilities as instances of insulin resistance, the paradigm risks
collapsing distinct mechanisms into a single label [7].
The concept also suffers from circularity. Hyperglycemia leads

to tests showing reduced glucose disposal relative to insulin; this
pattern is labeled insulin resistance; insulin resistance is then
invoked as the cause of hyperglycemia. Unless the underlying
lesion is independently demonstrated, the explanation remains
tautological. A descriptive index is effectively substituted for
a mechanism. This is not a minor semantic concern. In
medicine, labels shape therapeutic priorities, and if the causal
model ismisidentified, treatment strategiesmay be directed toward
downstream manifestations rather than the primary physiological
disturbance [4, 5].
From a conceptual standpoint, hyperglycemia may be viewed

in a manner analogous to hypercholesterolemia, in that both are
defined by elevated circulating biomarkers that may arise from
multiple underlying causes. In the case of hypercholesterolemia,
elevated lipid levels may reflect dietary factors, genetic conditions,
or other metabolic disturbances, rather than a single unifying
mechanism. Similarly, hyperglycemia may represent the net effect
of diverse physiological processes, including altered substrate
availability, storage limitations, and hormonal regulation. Such

an approach has clear clinical utility but also underscores the
importance of distinguishing descriptive constructs from primary
biological mechanisms.

4. Major Biological Inconsistencies in the
Paradigm

In addition to definitional and conceptual problems, several
specific biological inconsistencies further challenge the internal
coherence of the insulin resistance paradigm.

4.1. No unifying coordinating mechanism across tissues
The standard account requires that skeletal muscle, adipose
tissue, and liver all develop some form of diminished insulin
responsiveness. Yet these tissues are biologically distinct. They
differ in transporter systems, intracellular signaling architecture,
fuel priorities, and physiological roles. Despite decades of research,
no established signal has been shown to orchestrate a coordinated,
selective reduction in insulin responsiveness across all three tissues
in a way that explains the core phenotype of T2DM [8].
This absence matters because the paradigm is not merely

stating that abnormalities are present in several tissues; it is
asserting a common causal process. If billions of cells across
different organs are all said to become resistant, the burden is
to identify a mechanism capable of inducing and reversing that
state. Without such a mechanism, insulin resistance remains
a descriptor attached to outcomes rather than a demonstrated
biological program [8].

4.2. Selective preservation of other insulin functions
A further inconsistency is the selective nature of the supposed
defect. In T2DM, glucose handling is said to be impaired, yet
many other insulin-mediated actions remain operative. Protein
synthesis continues. Lipogenic and other anabolic processes
are not uniformly absent. Basic physiological functions such as
maintenance of muscle tone and thermoregulation are preserved.
If the primary defect were a generalized failure of insulin signaling,
a broader collapse of insulin-mediated actions might be expected.
Instead, the picture is one of selective disturbance, concentrated
around glucose handling [9].
This selective preservation raises a critical question: why should

insulin signaling fail specifically in ways that elevate blood glucose
while remaining sufficiently functional for numerous other tasks?
The paradigm offers descriptions of pathway complexity, but that
is not the same as a unifying explanation. The more selective the
impairment, the stronger the need to consider whether cells are
reprioritizing fuel use under altered metabolic conditions rather
than suffering a primary signaling defect [9].

4.3. Selective vulnerability of insulin versus other hor-
mones
Insulin does not operate in isolation. Glucagon, catecholamines,
cortisol, growth hormone, incretins, adipokines, and other signals
all influence nutrient handling. Yet the dominant model posits
a pathological resistance focused primarily on insulin. Other
hormones in the same organism, acting on the same tissues
and within the same inflammatory or nutrient milieu, are not
typically described as becoming broadly ineffective in parallel.
Glucagon continues to stimulate hepatic glucose production. Cate-
cholamines retain lipolytic and cardiovascular effects. Cortisol and
growth hormones continue to exert major physiological actions
[10].

Poothullil

16 GJMR-F Vol. 26 Issue 1



Table 1. Key Inconsistencies and Contradictions in the Insulin Resistance Paradigm

Inconsistency Description Implication

No unifying mechanism No identified biological signal explains coordinated
insulin resistance across muscle, liver, and adipose
tissue

Suggests insulin resistancemay be descriptive rather
than causal

Selective insulin impairment Glucose metabolism appears impaired while other
insulin-mediated functions remain largely intact

Inconsistent with a global signaling defect

Hormonal selectivity Other hormonal systems (e.g., glucagon, cortisol)
remain functional under the same conditions

Challenges the concept of generalized endocrine
resistance

Transporter differences GLUT4 (muscle) andGLUT2 (liver) operate through
distinct mechanisms

Complicates the notion of a uniform resistance
mechanism

Rapid reversibility Hyperglycemia improves quickly with caloric re-
striction

Suggests a dynamic metabolic process rather than
fixed cellular defect

Obesity without diabetes Many individuals with obesity remain metabolically
normal

Indicates obesity alone is insufficient to cause T2D

Lean diabetes Type 2 diabetes occurs in non-obese individuals Points to factors beyond adiposity

Adipose storage variability Differences in fat storage capacity influence
metabolic outcomes

Supports the concept of a personal fat threshold

Measurement limitations Insulin resistance is inferred from indirect indices
(e.g., HOMA-IR)

Limits causal interpretation

If glucotoxicity, inflammation, or lipotoxicity were sufficient
to generate a generalized state of hormonal resistance, a broader
endocrine dysfunction might be expected. The selective targeting
of insulin is therefore conceptually odd. Why would insulin
alone be uniquely vulnerable while neighboring hormonal systems
remain substantially intact? This asymmetryweakens the idea that
T2DM is fundamentally a hormone resistance disorder and instead
suggests that the apparent defect may reflect context-specific
limitations on glucose utilization.

4.4. Transporter and tissue inconsistencies

The concept of insulin resistance is often spoken of as though
it were uniform across tissues, yet the relevant transport biology
differs markedly. Skeletal muscle glucose uptake is linked strongly
toGLUT4, whereas hepatic glucose transport ismediated primarily
by GLUT2, which is bidirectional and not directly governed by
insulin in the same manner. Cardiac muscle also uses GLUT4
yet is not usually discussed in the same simple way as “insulin
resistant” skeletal muscle. These discrepancies complicate the idea
of a single receptor-level defect producing the same functional
syndrome everywhere [11].
In the liver, for example, continued glucose release in the

presence of insulin is often called hepatic insulin resistance.
But because glucose transport there is structurally different, the
mechanism cannot simply be the same as in muscle. Likewise,
adipose tissue behavior reflects both storage capacity and ongoing
lipolytic signaling, which again differs frommuscle physiology. To
gather these diverse phenomena under a single heading may be
rhetorically convenient, but it risks mechanistic confusion [11].
These inconsistencies, summarized in Table 1, collectively chal-

lenge the internal coherence of the insulin resistance paradigm.

5. Clinical and Epidemiological Contradictions

Several clinical and epidemiological observations further challenge
the explanatory adequacy of the insulin resistance paradigm.

5.1. Rapid reversibility of hyperglycemia

One of the most difficult observations for the insulin resistance
model is the speed with which hyperglycemia can improve.
Hypocaloric or very-low-calorie interventions can normalize
fasting glucose and reduce hepatic glucose output within days to
weeks, often before major changes in peripheral insulin sensitivity
are evident. Such rapid improvement is easier to understand if the
core disturbance is one of substrate overload, hepatic fat burden,
or altered metabolic flux, all of which can change quickly when
nutrient intake falls. It is harder to explain if the disease is driven
primarily by a stable intrinsic defect in insulin signaling [12, 13].
This does not prove that signaling plays no role, but it suggests

that at least some central drivers of hyperglycemia are dynamic,
reversible, and closely linked to nutrient conditions. The clinical
time course therefore argues against treating insulin resistance as
the primary lesion [12, 13].

5.2. Obesity without diabetes and diabetes without obe-
sity

Obesity undoubtedly correlates with diabetes risk, yet correlation
is not sufficiency. A substantial fraction of individuals with obesity
remain normoglycemic, while ameaningful subset of patientswith
T2DM are not obese by conventional BMI criteria. Prior material
highlighted both metabolically healthy obesity and the increasing
prevalence of diabetes in lean individuals, including populations
with lower BMI thresholds and different body composition profiles
[14, 15].
These findings challenge any simplemodel inwhich excess body

mass directly causes insulin resistance, which in turn causesT2DM.
They are more compatible with variation in fat storage capacity,
ectopic fat handling, and substrate overflow. Under such a view,
obesity is a risk marker but not the decisive causal variable. What
matters is whether incoming nutrient load exceeds the individual’s
capacity to store, oxidize, or buffer it without disturbing glucose
homeostasis [14, 15].
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5.3. Diabetes with no intake of excess food, termed
malnutrition-associated diabetes
Malnutrition in the womb and early childhood may limit the
development of adipose tissue, reducing the number of fat cells
available for lipid storage in adulthood. When energy intake later
increases, this reduced storage capacity may be exceeded more
rapidly, leading to earlier diversion of lipid substrates into the
circulation and ectopic tissues. This concept, often described
as limited adipose expandability or a “personal fat threshold,”
provides a potential explanation for the development of type 2
diabetes in individuals who are not overtly obese [16]. Once this
storage capacity is approached or exceeded, increased fatty acid
availability may promote substrate competition in muscle and
liver, contributing to reduced glucose utilization despite preserved
insulin signaling.

5.4. Evolutionary implausibility of the epidemic
The modern diabetes epidemic has unfolded over decades, not
millennia. That temporal fact alone creates difficulty for expla-
nations centered on the emergence of intrinsic cellular defects or
a widespread biological tendency for humans to become insulin
resistant. Prior text correctly emphasized that the dramatic rise
in T2DM cannot plausibly reflect recent genetic evolution. Envi-
ronmental and behavioral changes have occurred far too quickly
relative to the pace of genome-wide adaptation [2, 17].
This point is more than rhetorical. If the disease has surged

because of rapid changes in food environment, food processing,
caloric density, and sustained nutrient excess, then the primary
explanatory burden should fall on metabolic conditions created by
that environment. A framework that begins with nutrient overload
is therefore more historically and epidemiologically plausible than
one that begins with spontaneous widespread hormone resistance
[17].

6. Alternative Interpretation: Substrate Over-
load and Altered Metabolic Flux

A more coherent interpretation is that many features of T2DM
arise from chronic substrate overload rather than a primary defect
in insulin signaling. This framework does not deny that reduced
glucose uptake can be measured. It argues instead that the
reduction may reflect fuel competition, storage saturation, and
overflow physiology. When fatty acids and their metabolites
are abundant, tissues may preferentially oxidize fat, thereby
suppressing glucose uptake and oxidation without requiring a
defect in insulin receptors or downstream signaling pathways. A
more detailed formulation of this substrate-based interpretation
has been presented elsewhere [18].
Within this view, hepatic glucose overproduction under hy-

perinsulinemic conditions can be understood as a consequence
of substrate handling and storage constraints rather than failed
insulin signaling alone. The liver may increase glucose export
when glycogen storage is saturated, lipogenic burden is high,
and gluconeogenic substrates remain abundant. Because GLUT2
mediates bidirectional glucose equilibration, continued hepatic
glucose release need not imply that insulin signaling has collapsed;
it may instead reflect overflow metabolism [11, 19].
Fasting hyperglycemia can likewise be interpreted as a flux

problem. Persistent fatty acid availability promotes gluconeogene-
sis and reduces glucose oxidation. Hyperinsulinemia becomes
understandable as a physiological response to nutrient excess,
attempting to drive storage and maintain glycemic control in an

overloaded system. In this framework, what is commonly called
compensatory hyperinsulinemia is not proof of a primary signaling
defect but evidence that the organism is dealing with persistent
substrate surplus [18, 20].
The same reinterpretation extends to beta-cell behavior. Relative

reductions in insulin secretion may represent adaptive limitation
rather than primary exhaustion, especially if prolonged hyper-
insulinemia itself is metabolically costly. It also clarifies why
therapies labeled insulin sensitizing may work even if they do not
literally repair a molecular signaling lesion. If treatment reduces
hepatic glucose output, lowers caloric intake, decreases ectopic
lipid burden, or alters substrate availability, clinical benefit can
follow without requiring restoration of a hypothetical primary
defect in insulin action [20].
This alternative interpretation also makes sense of pharma-

cologic treatment. Exogenous insulin can lower blood glucose
effectively, but in this framework it does so by overriding substrate-
driven prioritization and forcing glucose into storage pathways.
That helps control symptoms while potentially increasing weight
and lipid storage. GLP-1 receptor agonists can also improve
glycemia, not necessarily because they correct insulin resistance,
but because they reduce appetite, caloric intake, and metabolic
load. Their success is entirely compatiblewith a substrate-overload
model [20, 21].

7. Implications for Research and Clinical Prac-
tice

If the primary disturbance in type 2 diabetes is one of chronic
substrate overload rather than intrinsic failure of insulin signaling,
then treatment objectives should require redefinition. Rather than
focusing primarily on overcoming presumed tissue resistance to
insulin, therapeutic strategies would be expected to emphasize
reduction of metabolic load, restoration of appropriate substrate
balance, and prevention of ectopic lipid accumulation. In this
context, improvements in glycemic control may be interpreted as
the result of relieving metabolic pressure on key tissues rather
than correcting a primary cellular defect.
Beyond these clinical considerations, if insulin resistance is

primarily descriptive rather than primary, several implications
for research follow. These implications are presented as logical
extensions of the metabolic flux hypothesis rather than definitive
clinical protocols.Research should place greater emphasis on
temporal ordering: which abnormalities appear first, under what
nutritional conditions, and inwhich tissues. Measures of lipid flux,
ectopic fat, hepatic burden, postprandial substrate handling, and
individual storage capacity may prove more causally informative
than global indices that collapse diverse processes into the single
language of resistance [8, 18].
Clinically, this perspective places dietary intervention at the cen-

ter of therapy, not as an adjunct to pharmacologicmanagement but
as a primary means of reducing substrate burden. Improvement
in glycemia following caloric restriction or reduction in refined
carbohydrate intake may therefore be understood as a direct
consequence of reduced metabolic load rather than restoration
of impaired insulin signaling. Pharmacologic therapies remain
important when they are targeted to alter substrate availability or
redistribute nutrient flux.

8. Conclusion
The insulin resistance paradigm has become the default explana-
tion for T2DM, but its conceptual authority exceeds its demon-
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strated mechanistic foundation. It lacks a unifying coordinating
mechanism across tissues, struggles to explain selective preserva-
tion of insulin’s other functions, cannot readily account for the
absence of broad parallel hormone resistance, and sits uneasily
with transporter biology, rapid reversibility of hyperglycemia, lean
diabetes, metabolically healthy obesity, and the extraordinary
speed of the modern diabetes epidemic.
These difficulties do not eliminate the usefulness of the term

insulin resistance as a descriptive shorthand. They do, however,
cast doubt on its status as the primary causal engine of T2DM. A
framework based on chronic substrate overload, limited metabolic
capacity, and altered fuel selection offers a more parsimonious and
biologically coherent explanation of many observations now at-
tributed to insulin resistance. Reassessing the dominant paradigm
may therefore be necessary if progress in prevention and treatment
is to match the scale of the disease [18, 19, 20].
The next step should be to test these competing interpretations

directly. Rather than asking only whether glucose disposal is
reduced relative to insulin concentration, future work should ask
what proximal metabolic events precede that change, whether
elevations in fatty acid flux and ectopic lipid burden occur first,
and whether reduction of substrate overload improves glycemia
before any measurable alteration in canonical insulin-sensitivity
indices. A framework that can explain timing, reversibility,
tissue heterogeneity, and population trends with fewer ad hoc
assumptions deserves serious consideration. If the observed
phenotype of T2DM can be better explained by chronic nutrient
excess and substrate competition than by a primary defect in
insulin action, then the biological fallacy may lie not in the data,
but in the interpretation that has long been imposed upon them
[18, 19, 20].
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1. Introduction

M ultiple myeloma is the second most common haematological
malignancy in high-income countries, and typically starts as

asymptomatic precursor conditions—either monoclonal gammopa-
thy of undetermined significance or smouldering multiple myeloma.
Multiple myeloma is a mature B-cell neoplasm defined by >10%

of clonal plasma cells within bone marrow or biopsy-proven bony
or EMP and it’s complicated by organ dysfunction: hypercalcaemia,
renal insufficiency, anaemia, and bone destruction (traditional CRAB
features).

Multiple myeloma accounts for approximately 1% of all neoplastic
diseases, with an incidence of 4.5–6 cases per 100,000 individuals
and a median age at diagnosis of around 70 years.
A higher incidence has been reported in Western Europe, North

America, and Australasia than in Asia and sub-Saharan Africa, which
may be attributable to differences in diagnostic criteria and practices.
Risk factors for multiple myeloma include obesity, chronic

inflammation, and exposure to pesticides, organic solvents, or
radiation.
Inherited genetic variants also contribute to the development of

multiple myeloma.
Advances in treatment, particularly the use of novel agents such as

proteasome inhibitors, immunomodulatory drugs, and monoclonal
antibodies targeting cell surface antigens, as well as high-dose
therapy followed by autologous stem cell transplantation (ASCT)
in younger patients, have markedly improved survival and overall
outcomes in multiple myeloma.

2. Case presentation
We report the case of an 83-year-old patient who presented to the
ENT clinic at Chivasso Hospital, in the province of Turin, for a
two-year history of dysphonia. His medical history was notable
for ascending aortic ectasia, hiatal hernia, and episodes of transient

global amnesia. Previous surgical history included multiple endo-
scopic procedures for nasal polyposis, a prior transurethral resection
of the prostate (TURP) for prostatic adenoma, and hospitalization in
2017 for lumbar spondylodiscitis in the context of MSSA sepsis.
In autumn 2024, the patient developed a swelling of the cranial

vault in the right parietal region and underwent a bone biopsy, which
was consistent with a plasmacytic myeloma lesion exhibiting kappa
light chain clonality.
A bone marrow biopsy confirmed myeloma infiltration of 30%,

with IgG kappa plasma cells.
The patient underwent 10 sessions of radiotherapy targeting the

cranial lesion.
During the ENT examination, oropharyngoscopy was unremark-

able.
Flexible fiberoptic endoscopy revealed a neoplasm on the medial

wall of the left piriform sinus, adjacent to the aryepiglottic fold, with
apparently intact mucosa and no abnormal pattern on narrow-band
imaging (NBI). Partial adduction of the left hemilarynx was observed,
without macroscopic alterations in vocal cord mobility.

Contrast-enhanced neck CT confirmed the presence of a solid
tissue mass measuring approximately 30 × 12 mm, obliterating the
left piriform sinus and involving the ipsilateral thyroid cartilage,
resulting in a lytic erosion. These findings were initially interpreted
as consistent with a localization of the underlying disease.

Therefore, after a thorough informed discussion, the patient was
scheduled for direct microlaryngoscopy with multiple biopsies of
the hypopharyngeal lesion.
Approximately one month after the endoscopic evaluation, the

patient underwent biopsy of the lesion under general anesthesia.
Following placement of a rigid laryngoscope in suspension and
under microscopic guidance, the previously noted exophytic, non-
ulcerated, violaceous mass in the left piriform sinus was visualized,
and multiple biopsy samples were obtained.
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Microscopic analysis revealed hypopharyngeal mucosa associated
with a fragment composed of numerous cells with abundant
cytoplasm and round-to-oval nuclei exhibiting some irregularities.
Immunohistochemical staining demonstrated a phenotype positive
for CD79a and partially positive for CD38, while CD20 and CD30
were negative. Light chain restriction was observed, with an
unbalanced expression of kappa light chains. The morphological and
immunohistochemical findings were consistent with a localization
of multiple myeloma.

The patient was referred back to the hematology team, and follow-
ing interdisciplinary evaluation, initiation of hematologic therapy
with a Velcade–Melphalan–Prednisone regimen was indicated.

3. Discussion

Multiple myeloma is a hematologic neoplasm characterized by the
clonal proliferation of abnormal plasma cells within the bonemarrow,
leading to uncontrolled growth and potentially resulting in osteolytic
bone lesions, renal impairment, anemia, and hypercalcemia. The
median age at diagnosis is approximately 70 years, with nearly 63%
of affected individuals being older than 65 years. In the vast majority
of cases, multiple myeloma develops from pre-existing conditions
known as monoclonal gammopathy of undetermined significance
(MGUS) or smoldering multiple myeloma (SMM).

These precursors are characterised by the absence of signs or
symptoms related to multiple myeloma or other lymphoproliferative
diseases.
MGUS carries a risk of progression to symptomatic multiple

myeloma of about 1–2% per year, with an estimated cumulative
20-year progression risk of approximately 18%.

Smoldering multiple myeloma (SMM) represents a more advanced
premalignant plasma cell disorder, with an annual progression rate
to overt multiple myeloma of roughly 10%.
The most common clinical manifestations of multiple myeloma

include anemia (defined as hemoglobin <12 g/dL) in 73% of patients,
osteolytic lesions on conventional radiographs in 79%, and elevated
serum creatinine levels in 19%. Additional findings include hy-
percalcemia (13%), lymphadenopathy (1%), leukopenia (20%), and
thrombocytopenia (5%).
At the time of multiple myeloma diagnosis, a thorough medical

history, physical examination, and laboratory assessment should be
performed. Evaluation of myeloma-related bone disease requires
cross-sectional imaging.
Low-dose whole-body CT is recommended due to its rapid

acquisition and greater sensitivity compared with conventional
radiography. Current imaging guidelines also support the use of
functional modalities, such as 18F-fluorodeoxyglucose (FDG) PET/CT
or diffusion-weighted MRI, for treatment response assessment.
Bone marrow evaluation is necessary to quantify plasma cell

infiltration, which can be assessed through histopathology of the
biopsy specimen or by morphological and flow cytometric analysis
of the aspirate.
Clinical outcomes in multiple myeloma are influenced by mul-

tiple factors, including intrinsic tumor cell characteristics (such as
cytogenetic abnormalities, gene expression profiles, extramedullary
involvement, and lactate dehydrogenase levels), tumor burden indi-
cators (including β2-microglobulin levels and thrombocytopenia),
and patient-related factors, such as age, comorbidities, and overall
frailty.

Proteasome inhibitors and immunomodulatory agents constitute
the current cornerstone of multiple myeloma therapy and typically

serve as the standard backbone in clinical trials to which novel agents
are added.
Corticosteroids, commonly dexamethasone or prednisolone, are

consistently incorporated into treatment regimens. A fourth class of
therapeutics, CD38-targeting monoclonal antibodies, has emerged as
a critical component of both first-line and relapse-directed therapies.
Median overall survival among patients eligible for autologous

stem cell transplantation is approximately 10 years, compared with
4–5 years in those who are not transplant candidates.

Extramedullary involvement is uncommon at the time of initial
multiple myeloma diagnosis (about 3,3% of all cases) but occurs more
frequently in patients with multiple relapses and is associated with
a poor prognosis.

Extramedullary disease arises from hematogenous dissemination
of malignant plasma cells and is characterized by the presence of soft
tissue masses at extraosseous sites, such as the skin, lymph nodes,
or brain, as well as pleural effusions or leptomeningeal involvement
Extramedullary disease (EMD) may be detected either at initial

diagnosis or during the course of the disease, particularly at
relapse. Its occurrence is often associated with high-risk cytogenetic
abnormalities and elevated serum lactate dehydrogenase (LDH)
levels.
These factors contribute to a more refractory disease course,

which is characterized by an increased risk of multiple relapses
and diminished responsiveness to treatment.
Extramedullary disease is associated with a more aggressive

clinical course, both at diagnosis and in the relapsed setting.
The management of extramedullary disease in multiple myeloma

necessitates a personalized approach, with therapeutic strategies
tailored according to the anatomical site, extent of disease dissemi-
nation, and underlying biological characteristics. Treatment varies
depending on the location and burden of extramedullary involve-
ment. In localized lesions, radiotherapy alone may be adequate,
whereas in other cases, a combined approach incorporating both
radiotherapy and surgical excision may be required.
When extramedullary involvement arises in the setting of sys-

temic multiple myeloma, such as in the specific case we report,
management generally involves systemic therapy using various
combinations of anti-myeloma agents.

4. Conclusions
In the hypopharynx, squamous cell carcinoma remains the most
frequent histological subtype, with approximately 84,000 new cases
per year (2020 data).
Laryngeal involvement by multiple myeloma represents an

extremely rare manifestation occurring within the context of
systemic disease. Although cases of laryngeal plasmacytomas or
laryngeal multiple myeloma have been described in the literature,
hypopharyngeal localization appears to be a unique event. Based
on the patient’s clinical history and computed tomography findings,
as well as the recent medical history—including the diagnosis of
multiple myeloma involving the cranial vault in the preceding
months—it could be hypothesized that the aerodigestive tract might
represent a site of disease involvement. However, given the
peculiarity of the case, the lesion was ultimately an incidental
endoscopic finding.
The diagnosis was established by our pathology colleagues, and

subsequent management was undertaken by the hematology team,
who initiated a specific pharmacological treatment in light of
the systemic nature of the disease. We therefore emphasize the
crucial importance of interdisciplinary collaboration for the accurate
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diagnostic assessment and appropriate therapeutic management of
such complex cases.
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