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postgraduate medical trainees and the 
expansion of ICMR’s shared infrastructure, 
aim to nur ture research capabil i t ies 
across the country.11 Furthermore, the 
Ayushman Bharat Digital Mission promises 
unprecedented opportunities for data-
driven research.12 Nevertheless, cohesive 
coordination between central bodies 
(ICMR, DBT, and AIIMS) and academic 
institutions must improve. Establishing 
regional centers of excellence, fostering 
robust interinstitutional collaborations, 
and streamlining regulatory pathways are 
imperative to scale and strengthen India’s 
medical research footprint.

En s u r i n g Ac a d e m i c 
In t e g r i t y

Academic integrity is foundational to 
credible and impactful medical research. 
India has historically struggled with 
plagiarism, predatory publishing, and 
ethical breaches in clinical research.13 
Recent regulatory interventions—such 
as the University Grants Commission’s 
stringent anti-plagiarism policies and the 
establishment of the CARE list to combat 
predatory journals—demonstrate a strong 
commitment to restoring integrity.14,15 
Cl in ic al  t r ia ls  are  now governe d by 
t ighter protocols ensuring informed 
consent, participant safety, and ethical 
accountability, thereby aligning India 
more closely with international standards. 
Strengthening research governance at 
the institutional level and promoting 
responsible research conduct must remain 
a national priority.

Medical research serves as the cornerstone 
of healthcare advancements, directly 

influencing patient outcomes and public health 
policies. India, home to over a billion people and 
facing a unique disease burden, holds enormous 
potential for pioneering transformative medical 
research. Yet, substantial gaps remain in fully 
harnessing this potential.1 Here, we discuss the 
key areas where focused efforts can significantly 
enhance India’s contribution to global medical 
research.

Fu n d i n g Ga p s: A Pe r s i s t e n t 
Ch a l l e n g e

O n e cr i t i c a l  imp e dim e nt  to  I n dia ’s 
medical research landscape is inadequate 
funding. India’s expenditure on research 
and development (R and D) remains 
disappointingly low, around 0.7% of its GDP, 
far behind developed economies spending 
2–3% or more.2,3 Alarmingly, public investment 
specifically directed toward health research is 
even lower, constituting merely 0.02% of GDP.1

Additionally, a limited pool of dedicated 
researchers remains a persistent problem. 
India’s researcher-to-population ratio remains 
disproportionately low—approximately 262 
researchers per million people, in contrast to 
4,300+ per million in the U.S. or 8,7000+ in South 
Korea—underscoring the need for a significant 
expansion of human resource capacity.4

Furthermore, much of India’s medical 
research is industry-driven, biased toward 
commercially viable endeavors at the expense 
of fundamental and public health research. 
Recent initiatives, such as the establishment 
of the National Research Foundation (NRF), 
with a substantial budget allocation, promise 
to alleviate these constraints. Nevertheless, 
sustained advocacy and a strategic increase 
in public funding are urgently needed.

Re s ea  r c h Ou t p u t: Qua n t i t y 
vs Qua l i t y

India has made notable strides in research 
output, ranking third globally in scientific 

publication volume and ninth in the 
field of medicine, with over 0.70 million 
medical publications to date.5,6 However, 
this expansion is tempered by a consistent 
gap in citation impac t and presence 
in high-impact clinical studies. Indian 
p ub l i c at i o ns  ave r a g e 15. 5  c i t at i o ns 
per paper, signif icantly lower than the  
36–37 citations per paper observed in 
the US and the UK.7 Furthermore, India 
accounts for only 2% of the world’s top-
cited medical research, despite having 20% 
of the global disease burden.7

This discrepancy underscores systemic 
issues, including smaller-scale studies, limited 
multicenter collaborations, and a tendency 
toward quantity-driven academic incentives.2 
Nevertheless, encouraging developments 
are underway. India is now the third-largest 
global hub for clinical trials, following the US 
and China, and has hosted over 5,800 trials 
as of 2024.8

A l t h o u g h  s i g n s  o f  p r o g r e s s  a r e 
evident, more Indian researchers should 
engage in collaborative, multicenter trials 
addressing per tinent national health 
concerns.9,10 Collaborative, hypothesis-
driven research—particularly in domains 
such as noncommunicable diseases—can 
significantly improve the impact and visibility 
of Indian medical research.

Evo lv i n g Po l i c y Fr a m e wo r k 
a n d In s t i t u t i o n a l Su p p o r t

Institutions such as the Indian Council of 
Medical Research (ICMR), the Department 
of Biotechnology (DBT), and other key 
bodies, including the All India Institute 
of Medical Sciences (AIIMS), have played 
pivotal  roles in transforming India’s 
research ecosystem. ICMR’s network of  
27 national  research centers and its 
leadership in COVID-19 vaccine development 
and disease surveillance illustrate India’s 
growing scientific capacity. Recent policy 
reforms, such as the mandatory Basic 
Course in Biomedical Research (BCBR) for 

Keywords: Clinical trials, Medical research, Research funding,  Research integrity, India.
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centers of excellence, and harness 
digital  health data for large -scale 
epidemiological research.

•	 Foster global partnerships: Encourage Indian 
investigators to lead international consortia, 
ensuring equitable representation in global 
guidelines and trials.

•	 Promote a culture of integrity: Embed ethics 
training in curricula, implement rigorous 
peer review, and support mentorship to 
build a future-ready research workforce.

Co n c lu s i o n

India’s medical research landscape is in 
a state of dynamic transformation. While 
impressive gains in output and infrastructure 
are evident, bridging the persistent gaps 
in quality, innovation, and global influence 
remains critical. With coordinated efforts by 
government agencies, academic institutions, 
clinicians, and the private sector, India can 
evolve from being a volume leader to a value- 
and innovation-driven powerhouse in global 
medical science.

This  transformation wil l  not only 
reshape healthcare delivery for over a 
billion Indians but also enable India to 
meaningfully contribute to solving global 
health challenges, reinforcing its position 
as a leader in equitable, affordable, and 
impactful research.
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Glo b a l Sta n d i n g a n d 
Co m pa r at i v e In s i g h ts

India’s rise in medical research is evident 
across multiple global benchmarks, ranking 
ninth worldwide in publication volume 
and third in clinical activity. India’s top 
medical bodies—ICMR, AIIMS Delhi, and the 
Postgraduate Institute of Medical Education 
and Research, Chandigarh—are playing 
pivotal roles. AIIMS is ranked among the top 
150 global medical schools, and ICMR had the 
highest percentage of Q1 journal publications 
among Indian research bodies.

India’s strengths include its position as 
the world’s largest vaccine producer, a cost-
effective trial environment, and growing 
public health research capacity. Yet, it remains 
underrepresented in landmark international 
trials, patents, and high-impact journal 
authorship.

Fu t u r e Di r e c t i o n s a n d 
Re co m m e n dat i o n s

India stands on the cusp of significantly 
advancing its global medical research impact. 
To sustain and accelerate the trajectory, we 
recommend the following:

•	 Increase and diversify funding: Expand 
g o v e r n m e n t  a l l o c a t i o n s ,  e n a b l e 
philanthropic endowments, and incentivize 
public-private partnerships.

•	 Enhance research qualit y :  Promote 
multicenter, collaborative, and hypothesis-
dr iven s tudies  with inter nat ional 
partnerships.

•	 Strengthen institutional frameworks : 
Expand infrastructure, develop regional 
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Ab s t r ac t
Background: HER2-enriched breast carcinomas are biologically aggressive but highly responsive 
to targeted therapy. Data on the real-world effectiveness of neoadjuvant docetaxel, carboplatin, 
trastuzumab, and pertuzumab (TCHP) from Indian oncology practices remain sparse.
Objectives: To assess pathological complete response (pCR), treatment-related toxicities (CTCAE 
v5.0), and survival outcomes among patients with nonmetastatic HER2-positive breast cancer 
receiving neoadjuvant TCHP.
Materials and methods: A bidirectional observational analysis was conducted on 55 patients with 
HER2-positive nonmetastatic breast carcinoma who were treated at a tertiary oncology center. 
Patients received neoadjuvant TCHP followed by definitive surgery. Clinical response, radiological 
response, pCR, treatment compliance, toxicity, disease-free survival (DFS), and overall survival 
(OS) were evaluated. Statistical associations with pCR were analyzed using Fisher’s exact test.
Results: The median age of the patients was 47 years. Stage III disease was the most common 
(70.9%). Hormone receptor negativity was observed in 56% of the patients. Clinical complete 
response was achieved in 85% of the patients, whereas radiological complete remission occurred 
in 58%. A pCR was documented in 60% of the cohort. A significant correlation with pCR was 
observed for clinical response (p < 0.001), radiological response (p = 0.002), and uninterrupted 
treatment completion within 18 weeks (p = 0.013). Hormone receptor expression and baseline 
stage did not significantly influence pCR rates. Diarrhea and neutropenia were the predominant 
toxicities, whereas clinically relevant cardiotoxicity was not encountered. At a median follow-up 
of 29 months, the estimated 3-year DFS and OS were 95% and 97.2%, respectively.
Conclusion: Neoadjuvant TCHP demonstrated substantial pathological response rates, acceptable 
tolerability, and encouraging survival outcomes in HER2-positive breast cancer. Adherence to the 
planned treatment timeline significantly influenced therapeutic efficacy.
Keywords: Dual HER2 blockade, HER2-amplified breast cancer, Neoadjuvant systemic therapy, 
Pathological complete response, Pertuzumab, Trastuzumab.
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data describing outcomes in routine Indian 
oncology practice remain relatively limited. 
Real-world studies are particularly relevant 
in resource-constrained settings where 
treatment delays, financial limitations, and 
variations in supportive care may influence 
therapeutic outcomes. The present study 
was therefore conducted to evaluate 
pathological response, treatment tolerability, 
and short-term survival outcomes among 
patients with nonmetastatic HER2-positive 
breast cancer treated with neoadjuvant 
TCHP at a tertiary oncology center in South 
India.

Mat e r i a l s a n d Me t h o d s

This bidirectional observational study was 
conducted at the Department of Medical 
Oncology, ESIC Medical College and 
Hospital, Hyderabad, Telangana. The study 
included both retrospective and prospective 
evaluations of patients with nonmetastatic 
HER2-positive breast cancer treated with 
a neoadjuvant TCHP regimen followed by 
definitive surgery.

Patient Selection
Patients with histopathologically confirmed 
HER2-positive invasive breast carcinoma 
who received neoadjuvant s ystemic 
therapy with the TCHP regimen were 
enrolled in the study.

In t r o d u c t i o n

Breast carcinoma remains the leading 
malignancy affecting women globally 

and continues to be a major contributor 
to cancer-related mortality. Approximately 
one-fifth of breast cancers demonstrate 
amplif ication or overexpression of the 
human epidermal growth factor receptor-2 
(HER2), which is associated with increased 
tumor aggressiveness,  rapid disease 
progression, and poorer clinical outcomes 
when untreated. The introduction of HER2-
targeted agents has markedly improved 
survival and transformed the therapeutic 
management of this molecular subtype.

Neoadjuvant systemic therapy has 
become an integral component in the 
treatment of  early-stage and locally 
advanced HER2-positive breast cancer. 
I n  a d d i t i o n  t o  f a c i l i t a t i n g  s u r g i c a l 

downstaging, neoadjuvant therapy offers 
an opportunity to evaluate in vivo tumor 
sensitivity to treatment. The achievement 
of pathological complete response (pCR) 
following neoadjuvant treatment has 
emerged as an important surrogate marker 
associated with improved long-term 
survival outcomes.

The combination of trastuzumab and 
pertuzumab with taxane- and platinum-
based chemotherapy has become a widely 
accepte d ne oadjuvant approach for 
HER2-positive disease. Major clinical trials 
including NeoSphere, TRYPHAENA, and 
BERENICE have demonstrated substantial 
improvements in pCR rates and encouraging 
survival outcomes with dual HER2 blockade 
strategies.

Although evidence from international 
clinical trials is well established, published 
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Therapeutic Response
Response Outcomes
Clinical complete response (cCR) was 
documented in 47 patients (85%), and 
radiological complete remission (rCR) was 
achieved in 32 patients (58%). A pCR was 
observed in 33 patients (60%), whereas residual 
invasive disease persisted in 22 patients. 
Minimal residual disease (<1 mm) was identified 
in one patient. 

Clinical complete response was observed 
in all patients who achieved pCR (33/33, 
100%), whereas only 14 of 22 patients (63.6%) 
with residual pathological disease showed 
cCR. This association between clinical 
response and pCR was statistically significant 
(p < 0.001). Similarly, rCR showed a strong 
correlation with the pathological eradication 
of the disease. rCR was documented in  
28 of 33 patients (84.8%) who achieved 
pCR, compared with only 4 of 22 patients 
(18.2%) with residual pathological disease. 
This difference was statistically significant 
(p = 0.002).

Hormone receptor co-expression and 
baseline stage were not signif icantly 
associated with pCR achievement. The 
distribution of hormone receptor status 
between the pCR and residual disease groups 
was comparable and did not reach statistical 
significance (p > 0.9). The proportion of 
patients across clinical stages was similar 
between the pCR and residual disease 
groups, and no statistically signif icant 
association was observed (p > 0.9) (Table 1). 

Impact of Treatment Timeliness
Complet ion of  ne o adjuvant  therapy 
within the planned 18-week duration was 
signif icantly associated with improved 
pathological response outcomes. Among 
the 48 patients who completed treatment 
on schedule, 32 (66.7%) achieved pCR, 
whereas only one of seven patients (14.3%) 
with treatment delays beyond 18 weeks 
attained pCR. Delays in treatment were 
primarily attributed to drug nonavailability, 
hematological toxicities, and treatment-
related diarrhea, and were associated 
with a significantly higher incidence of 
residual pathological disease (85.7% vs 
33.3%; p = 0.013).

Adverse Events and Treatment 
Tolerability
Treatment-related toxicities were generally 
manageable and consistent with the 
established safety profiles of the TCHP 
regimen.

Diarrhea represented the most frequently 
encountered adverse event, af fecting  

Resected surgical specimens from both 
the breast and axillary tissue were examined 
histopathologically to determine treatment 
response. pCR was defined as the absence of 
residual invasive carcinoma in both breast tissue 
and regional lymph nodes (ypT0/is ypN0).

Statistical Analysis
Continuous variables were summarized 
using the median and range. Categorical 
variables were expressed as frequencies 
and percentages. Associations between 
clinicopathological parameters and pCR were 
analyzed using Fisher’s exact test. Survival 
analysis was performed using the Kaplan–
Meier estimates.

Re s u lts

Clinicopathological Profile
A total of 55 patients with nonmetastatic 
HER2-positive breast cancer were included in 
this study. The median age at diagnosis was 
47 years (range, 33–67 years). Postmenopausal 
women constituted the majority of the 
study population (36/55, 65.5%), and  
19 patients (34.5%) were premenopausal. 
One male patient was included in the study 
of 55 patients. Hormone receptor-negative 
tumors were slightly more common and were 
identified in 31 patients (56.4%), whereas 
hormone receptor positivity was observed in 
24 patients (43.6%). 

W i t h  r e s p e c t  t o  p r i m a r y  t u m o r 
stage, T2 disease was the most frequent 
presentation and was noted in 23 patients 
(41.8%), followed by T4 tumors in 15 (27.3%) 
and T3 tumors in 13 (23.6%) patients. 
T1 lesions were identified in four patients 
(7.3%). Axillary nodal involvement was 
common, with N2 disease observed in  
21 patients (38.2%) and N1 disease in 
17 patients (30.9%). N0 and N3 diseases 
were present in nine (16.4%) and eight 
patients (14.5%), respectively. All patients 
had nonmetastatic disease at the time of 
presentation. According to the American 
Joint Committee on Cancer (AJCC) 8th edition 
staging system, stage III disease constituted 
the largest subgroup and was observed in  
39 patients (70.9%), whereas stage II and 
stage I diseases were present in 14 patients 
(25.5%) and 2 patients (3.6%), respectively. 
A total of 52 patients (94.5%) received all 
six cycles of the TCHP regimen. Treatment 
interruption with completion of only four 
cycles occurred in three patients (5.5%) 
secondary to grade 3 diarrhea. Additionally, 
48 patients (87.3%) completed treatment 
within the intended duration of 18 weeks, 
whereas treatment delays beyond 18 weeks 
were documented in seven patients (12.7%). 

Inclusion Criteria
•	 Age ≥18 years.
•	 Histologically confirmed HER2-positive 

breast carcinoma.
•	 Clinical stage I–III disease without distant 

metastasis.
•	 H E R 2  p o s i t i v i t y  c o n f i r m e d  b y 

immunohistochemistry (IHC 3+) or in situ 
hybridization (ISH) as per the American 
Society of Clinical Oncology/College 
of American Pathologists (ASCO/CAP) 
guidelines.

•	 Eastern Cooperative Oncology Group 
(ECOG) performance status 0–2.

Exclusion Criteria
•	 Presence of metastatic disease at diagnosis.
•	 Significant uncontrolled cardiac disease or 

baseline left ventricular dysfunction.
•	 Patients unfit for systemic chemotherapy.

Treatment Protocol
Patients received neoadjuvant chemotherapy 
combined with dual HER2-directed therapy 
using the TCHP regimen at 3-week intervals. 
A total of six cycles was planned whenever 
clinically feasible.

The treatment protocol consisted of 
intravenous docetaxel at a dose of 75 mg/
m2 and carboplatin calculated at an area 
under the curve (AUC) of 6 on day 1 of each 
cycle. Trastuzumab was administered with 
an initial loading dose of 8 mg/kg followed 
by maintenance doses of 6 mg/kg every 
3 weeks. Pertuzumab was delivered as 
an 840 mg loading dose during the first 
cycle followed by 420 mg every 3 weeks 
thereafter.

A l l  p a t i e n t s  r e c e i v e d  s t a n d a r d 
supp or t ive  c are  m easures  including 
corticosteroid premedication, antiemetic 
prophylaxis, hydration, and hematopoietic 
s u p p o r t  a c c o r d i n g  t o  i n s t i t u t i o n a l 
practice guidelines. Use of granulocyte 
colony-stimulating factor support was 
individualized based on hematological 
to l e r an ce an d c l in i c ian ass e ssm e nt . 
Def init ive surgical  management was 
performed after completion of neoadjuvant 
systemic therapy.

Evaluation of Response
Treatment response was assessed using 
clinical examination and imaging studies 
following completion of neoadjuvant therapy. 
Fluorodeoxyglucose positron emission 
tomography/computed tomography (FDG-
PET/CT) imaging was utilized for radiological 
evaluation wherever available. Clinical 
complete response (cCR) and radiological 
complete response (rCR) were documented 
based on posttreatment assessment findings.
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is broadly consistent with findings reported in 
major international studies evaluating dual 
HER2 blockade in the neoadjuvant setting. 
Previous landmark trials including NeoSphere, 
TRYPHAENA, and BERENICE have documented 
pCR rates ranging from approximately 
45– 66% depending on chemotherapy 
backbone and patient characteristics. Our 
findings support the reproducibility of these 
outcomes in routine clinical practice outside 
highly controlled trial environments.

An important finding from the present 
analysis was the strong relationship between 
clinical response, radiological response, and 
final pathological eradication of disease. 
Patients who demonstrated complete 
response on clinical examination and imaging 
were significantly more likely to achieve pCR 
after surgery. This observation highlights the 
practical value of posttreatment response 
assessment in predicting therapeutic 
effectiveness and guiding postoperative 
management decisions. Similar associations 
between imaging response and pathological 
outcomes have been reported previously in 
HER2-positive breast cancer cohorts.

Another clinically relevant observation 
in this study was the influence of treatment 
adherence and timely completion of therapy 
on pathological response. Patients who 
completed neoadjuvant treatment within 
the planned treatment duration showed 
significantly higher pCR rates than those 
who experienced delays. In our setting, 
interruptions were largely related to toxicities, 
supportive care limitations, and occasional 
issues with drug availability. Such challenges 
are commonly encountered in real-world 
oncology practice, particularly in resource-
limited healthcare systems. These findings 
emphasize the importance of uninterrupted 
delivery of HER2-targeted therapy to maximize 
treatment efficacy.

Hormone receptor co-expression did not 
demonstrate a statistically significant effect 
on pCR rates in our cohort. Although several 
larger studies have reported comparatively 
higher pCR rates among hormone receptor-
negative tumors, the relatively limited sample 
size in the present study may have influenced 
subgroup analysis. Nevertheless, meaningful 
pathological responses were observed across 
both hormone receptor-positive and hormone 
receptor-negative disease categories.

The toxicity profile observed in this study 
was generally manageable and aligned with 
previously published safety data for TCHP-
based therapy. Gastrointestinal adverse 
events, particularly diarrhea, represented the 
most common toxicity, while neutropenia was 
the predominant hematological complication. 
Importantly, clinically significant cardiac 

remained on palliative systemic therapy with 
ongoing follow-up. The median disease-free 
survival (DFS) and overall survival (OS) were 
not reached during the study period because 
of the low number of recurrence and death 
events observed. The estimated 3-year DFS 
and OS rates for the study population were 
95.0% and 97.2%, respectively, reflecting 
favorable short-term survival outcomes with 
neoadjuvant TCHP therapy (Figs 1 and 2).

Di s c u s s i o n

The current study demonstrates favorable 
real-world outcomes with neoadjuvant 
TCHP therapy in patients with HER2-positive 
nonmetastatic breast cancer treated in a 
tertiary care oncology setting in India. A pCR 
rate of 60% was observed in our cohort, which 

17 patients overall, including grade 3 diarrhea 
in seven patients. Neutropenia occurred in 
three patients, with grade 3 neutropenia 
documented in two cases. One patient 
experienced grade 2 thrombocytopenia. 

Importantly, no patient developed 
symptomatic cardiac dysfunction or a clinically 
meaningful decline in the left ventricular 
ejection fraction during therapy.

Survival Analysis
The median follow-up duration for the 
study cohort was 29 months (range, 5–60 
months). During follow-up, two patients 
who had initially achieved pCR subsequently 
developed isolated intracranial recurrence 
in the form of brain metastases without 
evidence of extracranial disease; one patient 
died following recurrence, while the other 

Table 1:  Association of clinical variables with pCR

Subgroup variable Overall 
(N = 551)

pCR achieved
(N = 33)1

Residual disease
(N = 22)1

p-value2

Clinical response (cCR) <0.001
cCR achieved 47/55 (85%) 33/33 (100%) 14/22 (64%)
Clinical residual 8/55 (15%) 0/33 (0%) 8/22 (36%)

Radiological response (rCR) 0.002
rCR achieved 32/55 (58%) 28/33 (85%) 4/22 (19%)
Radiological residual 23/55 (42%) 5/33 (15%) 18/22 (81%)

Hormone receptor status >0.9
HR positive 24/55 (44%) 15/33 (45%) 9/22 (41%)
HR negative 31/55 (56%) 18/33 (55%) 13/22 (59%)

Clinical stage >0.9
Stage I 2/55 (3.6%) 1/33 (3.0%) 1/22 (4.5%)
Stage II 14/55 (25%) 8/33 (24%) 6/22 (27%)
Stage III 39/55 (71%) 24/33 (73%) 15/22 (68%)

Treatment duration 0.013
18 weeks 48/55 (87%) 32/33 (97%) 16/22 (73%)

>18 weeks 7/55 (13%) 1/33 (3.0%) 6/22 (27%)
1n/N (%); 2Fisher’s exact test

Fig. 1: Kaplan–Meier curve for OS Kaplan–Meier 
survival curve showing OS among patients 
treated with neoadjuvant TCHP regimen for 
nonmetastatic HER2-positive breast cancer. The 
estimated 3-year OS was 97.2%, with median OS 
not reached because of the very low number of 
death events observed during the study period

Fig. 2: Kaplan–Meier curve for DFS Kaplan–Meier 
survival curve showing DFS among patients 
treated with neoadjuvant TCHP regimen for 
nonmetastatic HER2-positive breast cancer. The 
estimated 3-year DFS was 95.0%, with median 
DFS not reached due to the low number of 
recurrence events during follow-up
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modest sample size, single-center design, 
and relatively short follow-up duration. 
Larger prospective multicentric studies with 
longer surveillance are required to better 
characterize long-term survival outcomes 
and recurrence patterns in the Indian 
population.

Co n c lu s i o n

This study provides suppor tive real -
world evidence regarding the ef f icacy 
and tolerabilit y of neoadjuvant TCHP 
therapy in patients with HER2-positive 
nonmetastatic breast cancer treated in a 
tertiary oncology setting in India. High pCR 
rates and encouraging short-term survival 
outcomes were observed with acceptable 
treatment-related toxicity. Achievement of 
cCR and rCR showed a strong association 
with pathological eradication of disease, 
while delays in treatment delivery adversely 
af fected therapeutic outcomes. These 
findings reinforce the value of dual HER2 
blockade as an ef fective neoadjuvant 
strategy and underscore the importance of 
treatment adherence and supportive care 
optimization in routine oncology practice. 
Further large-scale prospective studies 
with extended follow-up are warranted to 
validate these observations.
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toxicity was not observed in our cohort. 
The absence of major cardiotoxicity further 
supports the safety profile of anthracycline-
sparing HER2-directed regimens described in 
earlier studies.

During follow-up, two patients experienced 
isolated central nervous system (CNS) relapse 
despite initially achieving pCR. HER2-positive 
breast cancer has a known tendency for brain 
metastasis, partly related to limited penetration 
of monoclonal antibody therapies across the 
blood–brain barrier. This finding suggests 
that although pCR is associated with favorable 
outcomes, it does not completely eliminate the 
risk of disease recurrence, particularly within 
the CNS.

Short-term survival outcomes in the 
present study were encouraging, with 
estimated 3-year DFS and OS rates of 95% 
and 97.2%, respectively. Because only a 
small number of relapse and mortality 
events occurred during follow-up, median 
survival endpoints were not reached. These 
f indings are consistent with previously 
published long-term analyses demonstrating 
improved survival with effective HER2-
targeted neoadjuvant therapy.

R e a l - w o r l d  e v i d e n ce  f r o m  A s i a n 
and European populations has similarly 
demonstrated substantial pathological 
response rates with dual HER2 blockade 
in routine oncology practice. Such studies 
are valuable because real-world patient 
populations frequently include individuals 
with advanced-stage disease, comorbidities, 
and treatment interruptions that are often 
underrepresented in clinical trials.

T h e  p r e s e n t  s t u d y  c o n t r i b u t e s 
important Indian real-world data regarding 
neoadjuvant TCHP therapy in HER2-positive 
breast cancer. However, certain limitations 
should be acknowledged, including the 
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ORIGINAL ARTICLE

Ab s t r ac t
Background: Leptospirosis is a zoonotic infection caused by pathogenic Leptospira species and 
remains a significant cause of acute febrile illness in tropical regions. Its clinical spectrum ranges 
from mild, self-limiting illness to severe multi-organ dysfunction. The disease is broadly classified 
into anicteric and icteric (Weil’s disease) forms, the latter associated with jaundice and increased 
morbidity. In India, diagnosis is often challenging due to overlapping features with other endemic 
infections such as dengue and scrub typhus. Coinfections and changing epidemiological patterns, 
including increasing urban cases, further complicate clinical assessment. This study evaluated 
the demographic profile, clinical characteristics, organ involvement, coinfections, severity, 
management, and outcomes of adults hospitalized with acute leptospirosis, with comparison 
between icteric and anicteric phenotypes.
Materials and methods: This retrospective observational study included 78 adults with laboratory-
confirmed acute leptospirosis admitted over 30 months to a tertiary care hospital in Rajasthan, 
India. Diagnosis was established by positive Leptospira-specific immunoglobulin M (IgM) serology 
(>11 NTU) and/or polymerase chain reaction (PCR). Data regarding demographics, comorbidities, 
clinical features, organ involvement, coinfections, treatment, and outcomes were extracted from 
medical records.
Organ involvement was defined using predefined clinical and laboratory criteria across major 
systems. Severe disease was defined as dysfunction of two or more organ systems. Icteric 
leptospirosis was defined by clinical jaundice and/or serum bilirubin ≥3 mg/dL. Coinfections 
were confirmed through appropriate laboratory testing. Continuous variables were expressed as 
median (interquartile range) and categorical variables as frequency (%). Subgroup comparisons 
were performed using the Mann–Whitney U test and Fisher’s exact test.
Results: The median age was 57 years (interquartile range 41–68), with slight male predominance 
(52.6%). Although 59% of patients were from rural areas, 41% were urban residents. Hypertension 
(25.6%) and diabetes mellitus (29.5%) were common comorbidities, while 42.3% had no prior 
illnesses. Anicteric disease predominated (84.6%), and 15.4% had icteric leptospirosis. Fever was 
present in 93.6% of patients. Hepatic (69.2%) and respiratory (66.7%) involvement were most 
frequent, and multi-organ dysfunction occurred in 61.5%. Coinfections were identified in 52.6% 
of cases, most commonly dengue (17.9%) and scrub typhus (14.1%). Coinfected patients were 
younger and had fewer comorbidities, with lower rates of renal, respiratory, and neurological 
involvement and reduced need for ventilatory support. Icteric patients were significantly younger 
(median 31.5 vs 58 years) and had longer hospital stays (10.5 vs 7 days). Hepatic involvement was 
universal in the icteric group, and secondary hemophagocytic lymphohistiocytosis (HLH) was 
markedly more frequent. Mortality was higher among icteric patients but did not reach statistical 
significance. Mechanical ventilation was required in 10.3% of patients. The median hospital stay 
was 7 days, and overall mortality was 2.6%, with both deaths occurring in patients with severe 
multi-organ dysfunction.
Conclusion: Acute leptospirosis exhibits diverse clinical presentations with frequent multi-
organ involvement in hospitalized adults. Coinfections are common but did not consistently 
worsen outcomes. Icteric disease represents a more severe phenotype associated with greater 
complications and prolonged hospitalization. Early diagnosis and timely supportive management 
are critical to achieving favorable outcomes in endemic settings.
Keywords: Acute febrile illness, Coinfection, Icteric leptospirosis, Leptospirosis, Mortality, Multi-
organ dysfunction, Tropical infections.
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clinical suspicion, and limited diagnostic 
resources.2,4 Traditionally linked to rural 
occupational exposures, recent studies 
report increasing urban cases, likely reflecting 
environmental changes and evolving 
epidemiology.3,5

Comorbidities such as diabetes and 
hypertension are common, but healthy 
individuals are also frequently affected.2

Coinfections with pathogens such as 
dengue and scrub typhus further complicate 
diagnosis and management and may 
influence organ involvement and disease 
severity.5–8 Despite effective antibiotics 
and supportive care, severe leptospirosis 
with multi-organ involvement continues to 
carry significant morbidity and mortality, 
particularly in icteric cases.1,3,9

T his  s tud y a ims to descr ib e the 
demographic and clinical spectrum, organ 
involvement, coinfections, and outcomes of 
78 acute leptospirosis patients admitted to a 
tertiary care center in Rajasthan, India, with 
emphasis on differences between icteric 
and anicteric phenotypes. The findings 
aim to inform clinical management and 
highlight evolving epidemiological patterns 
in endemic regions.

Mat e r i a l s a n d Me t h o d s

Study Design and Setting
This was a retrospective observational 
study conducted at Fortis Escorts Hospital, 
Jaipur, India, a tertiary care hospital, over 
a period of 30 months (time period, e.g., 
July 2023 to December 2025). The study 

In t r o d u c t i o n

Leptospirosis is a widespread zoonotic 
infection caused by pathogenic Leptospira 

species, presenting with a broad spectrum 
ranging from mild, self-limiting febrile illness 
to severe multi-organ disease.1,2 Clinically, 

it is classified as anicteric or icteric (Weil’s 
disease), the latter associated with jaundice, 
higher morbidity, and increased risk of 
complications.1,3

I n  I n d i a ,  l e p t o s p i r o s i s  r e m a i n s 
underreported due to overlapping symptoms 
with other endemic febrile illnesses, low 
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noninvasive ventilation (NIV), and need for 
invasive mechanical ventilation.

Treatment
Antibiotics, corticosteroids, intravenous 
immunoglobulin (IVIG), plasmapheresis 
(PLEX),  hemodialysis ,  and ventilator y 
support.

Outcomes
Outcome was measured as discharge to home, 
left against medical advice (LAMA), or death. 
Length of stay included days of stay in the 
medical intensive care unit (MICU) and/or 
hospital floor.

Definitions
Severe leptospirosis  was def ine d as 
involvement of ≥2 organ systems based on 
the organ involvement documented in the 
medical records.

Multi-organ dysfunction was defined 
as involvement of two or more of the 
following organ systems: hepatic, respiratory, 
hematological, renal, neurological, cardiac, 
or others (rhabdomyolysis, uveitis, and HLH).

Icteric leptospirosis (Weil’s disease) 
was defined by the presence of clinical 
jaundice (serum bilirubin ≥3 mg/dL or clinical 
diagnosis) along with other systemic features.

Statistical Analysis
Data were analyzed using Statistical Package 
for the Social Sciences (SPSS) version 26.0. 
Continuous variables were assessed for 
normality using appropriate methods, 
and as most variables showed nonnormal 
distribution, they are presented as median 
(interquartile range). Categorical variables 
are presented as frequency (%). Comparisons 
were performed using the Mann–Whitney 
 U test and Fisher’s exact test. A p-value <0.05 
was considered statistically significant.

Ethical Considerations
The study was conducted in accordance 
with the Declaration of Helsinki. Patient 
c o n f i d e n t i a l i t y  w a s  m a i n t a i n e d  b y 
anonymizing all data prior to analysis.  
The Institutional Ethics Committee waived 
the need for informed consent due to the 
retrospective design.

Re s u lts

Demographic and Baseline 
Characteristics
Table  1 provides the foundation of the 
study cohort. The median age of 57 years 
(interquartile range 41–68) indicates that 
leptospirosis affects a wide age range, with 
a slight male predominance (52.6%). The 

Leptospirosis Phenotype
Classif ied as icteric (Weil ’s disease) or 
anicteric based on the presence of clinical 
jaundice and/or explicit diagnosis in the 
medical records.

Organ System Involvement
Hepatic, respiratory, hematological, renal, 
neurological, cardiac, rhabdomyolysis, 
uveitis, and secondary hemophagocytic 
lymphohistiocytosis (HLH), as documented 
in the case files or diagnosis notes. The 
following features were used to identify 
organ involvement, and the presence of at 
least one feature indicated involvement of 
the respective organ:

Respirator y—Shor tness of breath, 
cough, hemoptysis, abnormal respiratory 
auscultation, partial pressure of arterial 
oxygen/fraction of inspired oxygen (PaO₂/
FiO₂) <300.

Hepatic—Icterus, hepatomegaly, serum 
bilirubin >2 mg/dL, transaminitis.

Renal—Oliguric or nonoliguric renal 
failure, need for supportive renal replacement 
therapy.

Cardiac—Findings of cardiogenic shock, 
myocarditis, elevated cardiac enzymes, two-
dimensional echocardiography correlation, 
and heart failure.

Nervous system—Neck stif fness or 
rigidity, seizures, Glasgow Coma Scale score 
<15/15.

Hematological—Bleeding manifestations, 
thrombocytopenia, and findings consistent 
with disseminated intravascular coagulation 
(DIC).

Uveitis—Pain/tenderness with redness 
in the eye, visual changes such as floaters or 
decreased visual acuity.

Rhabdomyolysis—Muscle tenderness, 
elevated creatine phosphokinase.

Coinfections
Presence of other pathogens, including 
dengue, scrub typhus, hepatitis A, enteric 
fever (typhoid), brucellosis, tuberculosis (TB), 
influenza A, coronavirus disease 2019 (COVID-
19), human immunodeficiency virus (HIV), 
and varicella (chickenpox), was diagnosed 
using standard laboratory methods, including 
serology, PCR, nucleic acid amplification tests 
(NAAT), or culture, where available. Efforts 
were made to correlate laboratory findings 
with the clinical presentation to improve 
diagnostic accuracy.

Severity Indicators
Multi - organ dysfunc tion (def ined as 
involvement of ≥2 organ systems), acute 
respiratory distress syndrome (ARDS), shock, 
intensive care unit (ICU) admission, need for 

was approved by the Institutional Ethics 
Committee vide letter No. FEHJ/IEC/25/004, 
and the requirement for informed consent 
was waived due to the retrospective nature 
of the study. The aim of this study was to 
assess the varied clinical manifestations, 
including demographics, comorbidities, 
coinfections (if any), organ involvement, 
severity, complications, and outcomes 
of patients with ic teric and anic teric 
leptospirosis.

Study Population
All patients with a confirmed diagnosis of 
leptospirosis admitted to the Department 
of Medicine in the authors’ unit during 
the study period were included. As this 
was a retrospective observational study, 
all consecutive eligible patients admitted 
during the study period were included. 
A formal sample size estimation was not 
performed.

Leptospirosis was diagnosed based 
on positive serology [Leptospira-specific 
immunoglobulin M (IgM) antibody] or a 
positive molecular test [polymerase chain 
reaction (PCR)]. A Leptospira-specific IgM 
value >11 NTU was considered positive, 
9–10.9 borderline, and <9 negative. Patients 
with incomplete medical records were 
excluded. A total of 78 patients met the 
inclusion criteria and were included in the 
final analysis.

Data Collection
Data were extracted from patient case 
files procured from the Medical Records 
Department using a standardized data 
collection form. The following variables were 
recorded.

Demographics
Age, gender, and background (rural/urban).

Comorbidities
Preexisting conditions documented in the 
medical history, including hypertension 
(HTN), diabetes mellitus (DM), coronary 
artery disease (CAD), hypothyroidism, chronic 
obstructive pulmonary disease (COPD)/
asthma, chronic kidney disease (CKD), 
cerebrovascular accident (CVA), and chronic 
liver disease (CLD)/fatty liver.

Clinical Presentation
Symptoms at admission, including fever, 
cough, breathlessness, abdominal pain, 
body aches, nausea/vomiting, weakness, 
headache, jaundice, loose stools, chills, 
reduced appetite,  altered sensorium, 
rash, chest pain, bleeding manifestations, 
oliguria, and other symptoms.
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Ta b l e  1 :   D e m o g r a p h i c  a n d  b a s e l i n e 
characteristics of patients with leptospirosis  
(N = 78)

Characteristic N = 78

Age (years)
Median (IQR) [range] 57 (41–68) 

[18–83]
Gender, n (%)

Male 41 (52.6)

Female 37 (47.4)
Background, n (%)

Rural 46 (59.0)

Urban 32 (41.0)
Comorbidities, n (%)

Hypertension 20 (25.6)

Diabetes mellitus 23 (29.5)

Coronary artery disease/
ischemic heart disease

9 (11.5)

Hypothyroidism 11 (14.1)

C h r o n i c  o b s t r u c t i v e 
pulmonary disease/asthma

18 (23.1)

Chronic kidney disease 6 (7.7)

Cerebrovascular accident 2 (2.6)

Chronic liver disease/fatty 
liver

3 (3.8)

Number of comorbidities, n (%)
0 33 (42.3)

1 20 (25.6)

2 8 (10.3)

≥3 17 (21.8)

IQR, interquartile range

Table 2:  Distribution of patients with Leptospira 
phenotype (N = 78), severity indicators and 
IgM titers

Characteristic N = 78

Leptospirosis 
phenotype, n (%)
Icteric (Weil’s disease) 12 (15.4)
Anicteric 66 (84.6)
Severity indicators, n (%)
Multi-organ dysfunction 
(≥2 organs)

48 (61.5)

Acute respiratory 
distress syndrome

8 (10.3)

Shock 11 (14.1)
ICU admission 13 (16.7)
Noninvasive ventilation 10 (12.8)
Invasive mechanical 
ventilation

7 (9.0)

Leptospira IgM
IgM positive, n (%) 78 (100)

IgM value, median 
(IQR)‡

13.4 (11.9–14.7)

ARDS, acute respiratory distress syndrome; HLH, he-
mophagocytic lymphohistiocytosis; ICU, intensive 
care unit; IQR, interquartile range; NIV, noninvasive 
ventilation; SOB, shortness of breath; ‡All 78 patients 
had quantitative immunoglobulin M (IgM) results; 
the median and IQR were calculated from all values

Fig. 1: Distribution of symptoms among all patients with leptospirosis (N = 78)

Fig. 3: Frequency of coinfection observed among 
all patients with leptospirosis

Fig. 2: Frequency of involvement of various 
organ systems (N = 78)

disease severity. All included patients had 
laboratory-confirmed leptospirosis based on 
predefined diagnostic criteria. The median 
Leptospira-specific IgM value was 13.4 NTU.

Coinfections
Figure 3 highlights that over half (52.6%) of 
patients had at least one coinfection. Dengue 
(17.9%) and scrub typhus (14.1%) were the 
most frequent, reflecting the endemicity 

Jaundice was present in 15.4%, correlating 
exactly with the icteric cases. Hepatic 
(69.2%) and respiratory (66.7%) involvement 
were the most common, highlighting the 
hepatopulmonary predominance. Figure 2 
depicts the organ systems involved in these 
patients. Multi-organ dysfunction (≥2 organs) 
occurred in 61.5%, indicating significant 

rural predominance (59.0%) suggests the 
traditional understanding of leptospirosis 
as an occupationally acquired disease, 
although a significant urban proportion 
(41.0%) suggests changing epidemiology.

Hypertension (25.6%) and diabetes 
mellitus (29.5%) were the most common 
comorbidities, reflecting the background 
burden of noncommunicable diseases. 
N o t a b l y,  42 . 3%  o f  p a t i e nt s  h a d  n o 
comorbidities, highlighting that leptospirosis 
can affect previously healthy individuals.

Clinical Symptoms and Laboratory 
Features
Table  2 and Figure 1 capture the Leptospira 
phenotype, severity indicators, and clinical 
spectrum of leptospirosis. The majority 
(84.6%) presented with anicteric disease, 
while 15.4% had the icteric (Weil’s) form. 
Although fever was present in 93.6% of 
patients, detailed characteristics such as 
duration, pattern, and peak temperature were 
inconsistently documented in the records and 
could not be reliably analyzed. It was followed 
by cough (48.7%) and breathlessness (44.9%). 
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Table 3:  Treatment and outcomes of patients 
with leptospirosis (N = 78)

Characteristic N = 78

Treatment, n (%)
Antibiotics 78 (100)
Corticosteroids 3 (3.8)
Intravenous immunoglobulin 1 (1.3)
Plasmapheresis 3 (3.8)
Hemodialysis (for acute kidney 
injury)

1 (1.3)

Mechanical ventilation/
noninvasive ventilation

8 (10.3)

Length of hospital stay, days—
median (IQR)

7 (5–9)

Outcome, n (%)
Discharged 73 (93.6)
Died 2 (2.6)

Left against medical advice 3 (3.8)

AKI, acute kidney injury; IQR, interquartile range; 
NIV, noninvasive ventilation

Table 4:  Comparison of patients with icteric vs anicteric leptospirosis (N = 78)

Characteristic Icteric (n = 12) Anicteric (n = 66) p-value OR (95% CI)

Age, years—median (IQR) 31.5 (23–58) 58 (43–68) <0.001¹ –
Male gender—n (%) 7 (58.3) 34 (51.5) 0.76² 1.32 (0.38–4.56)
Rural background—n (%) 6 (50.0) 40 (60.6) 0.54² 0.65 (0.19–2.20)
Any comorbidity—n (%) 3 (25.0) 42 (63.6) 0.01² 0.19 (0.05–0.75)
Organ involvement—n (%)
Hepatic 12 (100) 42 (63.6) <0.001² 14.4 (1.7–121)³
Renal 6 (50.0) 20 (30.3) 0.20² 2.30 (0.66–7.98)
Respiratory 8 (66.7) 44 (66.7) 1.00² 1.00 (0.27–3.68)
Hematological 8 (66.7) 35 (53.0) 0.54² 1.77 (0.49–6.44)
Neurological 3 (25.0) 9 (13.6) 0.38² 2.11 (0.47–9.45)
Cardiac 3 (25.0) 8 (12.1) 0.36² 2.42 (0.53–11.0)
Rhabdomyolysis 2 (16.7) 3 (4.5) 0.15² 4.20 (0.62–28.5)
Uveitis 2 (16.7) 2 (3.0) 0.09² 6.40 (0.80–51.0)
HLH (secondary) 4 (33.3) 1 (1.5) <0.001² 32.5 (3.5–304)
Multi-organ dysfunction  
(≥2 organs)—n (%)

9 (75.0) 39 (59.1) 0.36² 2.08 (0.51–8.47)

Any ventilation (NIV/
invasive)—n (%)

3 (25.0) 14 (21.2) 0.72² 1.24 (0.29–5.29)

Length of stay, days—median 
(IQR)

9.5 (7.5–13) 7 (5–9) 0.02¹ –

Mortality—n (%) 1 (8.3) 1 (1.5) 0.27² 5.91 (0.34–101)

CI, confidence interval; HLH, hemophagocytic lymphohistiocytosis; IQR, interquartile range; NIV, nonin-
vasive ventilation; OR, odds ratio; ¹Mann–Whitney U test; ²Fisher’s exact test; ³Odds ratio calculated using 
the Haldane–Anscombe correction because of a zero cell count

p at i e nt s  ha d uni ve r s a l  h e p at i c  an d 
hematological involvement but no renal, 
neurological, or cardiac complications. 
Scrub typhus-coinfected patients had more 
varied organ involvement, including renal 
(44.4%), respiratory (55.6%), and cardiac 
(22.2%) manifestations. Both groups had 
zero mortality, although the small sample 
sizes preclude firm conclusions. This table 
highlights the distinct clinical patterns 
associated with different coinfections.

Severe vs Nonsevere Leptospirosis
Ta b l e   7  r eve a ls  t h at  s e ve r e  d is e a s e 
(≥2 organ involvement) occurred in 61.5% 
of patients. The only predictor of severity 
was coinfection (56.3 vs 46.7%, p = 0.48, 
odds ratio 1.47), although this did not 
reach statistical significance. The icteric 
phenotype showed a strong trend (18.8 vs 
3.3%, p = 0.08). Severe cases had significantly 
longer hospital stays (8 vs 5 days, p < 0.001), 
and both deaths occurred in the severe 
group. This table underscores that while 
severe disease prolongs hospitalization, 
mortality remains low with appropriate 
care. The low mortality rate may reflect 
ear ly  diagnosis ,  prompt init iat ion of 
appropriate antibiotics, and access to 
advanced suppor tive care,  including 
intensive care unit (ICU) monitoring and 
organ support.

(100 vs 63.6%, p < 0.001), and secondary 
hemophagocytic lymphohistiocytosis (HLH) 
was far more frequent (33.3 vs 1.5%, p < 0.001).

Renal involvement was higher in icteric 
cases (50 vs 30.3%) but was not statistically 
significant. Icteric patients had longer hospital 
stays (10.5 vs 7 days, p = 0.02). Mortality was 
higher (8.3 vs 1.5%) but was not statistically 
significant. Overall, Weil’s disease represents a 
more severe phenotype requiring prolonged 
care and monitoring for complications such 
as HLH.

Coinfected vs Leptospira Alone
Table 5 shows that coinfected patients were 
significantly younger (median 44 vs 60 years, 
p < 0.001) and had fewer comorbidities (39 vs 
78.4%, p < 0.001). Interestingly, they had less 
renal (22 vs 45.9%, p = 0.03), respiratory (56.1 vs 
78.4%, p = 0.04), and neurological involvement 
(7.3 vs 24.3%, p = 0.05). They also required 
significantly less ventilatory support (7.3 vs 37.8%,  
p = 0.001). This suggests that coinfections may 
occur in a healthier, younger population but 
do not necessarily worsen organ dysfunction 
compared to Leptospira infection alone.

Dengue and Scrub Typhus 
Coinfections
Table  6 descriptively provides a detailed 
prof ile of patients with the two most 
common coinfections. Dengue-coinfected 

of these infections in the region. Hepatitis 
A (6.4%) and enteric fever (6.4%) were 
also notable. The high rate of coinfections 
(11.5% had two, and 2.6% had three or more) 
underscores the complex diagnostic and 
clinical challenges in tropical febrile illnesses 
and is a unique contribution of this series.

Treatment and Outcomes
Table  3 highlights that all patients received 
antibiotics, reflecting the standard of care. 
Antibiotics included doxycycline, ceftriaxone, 
azithromycin, piperacillin–tazobactam, and 
meropenem, selected based on clinical 
severity and physician discretion. Antibiotic 
escalation was required in a subset of patients 
with worsening clinical status or suspected 
secondary infections. Adjunctive therapies 
were used selectively: corticosteroids (3.8%), 
intravenous immunoglobulin (IVIG) (1.3%), 
plasmapheresis (PLEX) (3.8%), and hemodialysis 
(1.3%). The three patients who required PLEX had 
diffuse alveolar hemorrhage, severe jaundice, 
and secondary thrombotic microangiopathy, 
respectively. Mechanical ventilation was 
required in 10.3% of patients. The median 
length of stay was 7 days (interquartile range 
5–9). Outcomes were favorable overall, with 
93.6% discharged, 2.6% mortality (2 deaths), 
and 3.8% leaving against medical advice. 
The low mortality rate suggests good clinical 
outcomes with timely management.

Icteric vs Anicteric Leptospirosis
Table  4 shows that patients with icteric 
disease (Weil’s disease) were younger (median 
30 vs 57.5 years, p < 0.001) and had fewer 
comorbidities (25 vs 63.6%, p = 0.01). Hepatic 
involvement was universal in the icteric group 
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Table 5:  Comparison of patients with any coinfection vs Leptospira alone (N = 78)

Characteristic Coinfection (n = 41) Leptospira alone (n = 37) p-value OR (95% CI)

Age, years–median (IQR) 44 (29–60) 60 (50–70) <0.001¹ –
Male gender, n (%) 22 (53.7) 19 (51.4) 1.00² 1.10 (0.45–2.67)
Rural background, n (%) 23 (56.1) 23 (62.2) 0.65² 0.78 (0.31–1.94)
Any comorbidity, n (%) 16 (39.0) 29 (78.4) <0.001² 0.17 (0.06–0.46)
Organ involvement, n (%)
Hepatic 32 (78.0) 22 (59.5) 0.09² 2.42 (0.91–6.46)
Renal 9 (22.0) 17 (45.9) 0.03² 0.33 (0.12–0.90)
Respiratory 23 (56.1) 29 (78.4) 0.04² 0.36 (0.13–0.97)
Hematological 25 (61.0) 18 (48.6) 0.36² 1.65 (0.67–4.06)
Neurological 3 (7.3) 9 (24.3) 0.05² 0.24 (0.06–0.99)
Cardiac 3 (7.3) 8 (21.6) 0.10² 0.29 (0.07–1.20)
Rhabdomyolysis 1 (2.4) 4 (10.8) 0.18² 0.21 (0.02–1.95)
Uveitis 1 (2.4) 3 (8.1) 0.34² 0.28 (0.03–2.85)
Secondary HLH 4 (9.8) 1 (2.7) 0.36² 3.89 (0.41–36.5)
Multi-organ dysfunction (≥2 organs), n (%) 27 (65.9) 21 (56.8) 0.48² 1.47 (0.58–3.70)
Any ventilation (NIV/invasive), n (%) 3 (7.3) 14 (37.8) 0.001² 0.13 (0.03–0.50)
Length of stay, days—median (IQR) 7 (5–10) 7 (5–9) 0.65¹ –

Mortality, n (%) 1 (2.4) 1 (2.7) 1.00² 0.90 (0.05–14.9)

CI, confidence interval; HLH, hemophagocytic lymphohistiocytosis; IQR, interquartile range; NIV, noninvasive ventilation; OR, odds ratio; 
¹Mann–Whitney U test; ²Fisher’s exact test

Table 6:  Clinical characteristics of patients with dengue and scrub typhus coinfections (N = 78)

Characteristic Dengue coinfection 
(n = 11)

Scrub typhus coinfection 
(n = 9)

All patients 
(N = 78)

Age, years—median (IQR) 41 (36–51) 44 (28–60) 57 (41–68)
Male gender, n (%) 4 (36.4) 6 (66.7) 41 (52.6)
Rural background, n (%) 5 (45.5) 7 (77.8) 46 (59.0)
Any comorbidity, n (%) 3 (27.3) 4 (44.4) 45 (57.7)*
Organ involvement, n (%)
Hepatic 11 (100) 8 (88.9) 54 (69.2)
Renal 0 (0) 4 (44.4) 26 (33.3)
Respiratory 4 (36.4) 5 (55.6) 52 (66.7)
Hematological 11 (100) 6 (66.7) 43 (55.1)
Neurological 0 (0) 1 (11.1) 12 (15.4)
Cardiac 0 (0) 2 (22.2) 11 (14.1)
Rhabdomyolysis 1 (9.1) 0 (0) 5 (6.4)
Uveitis 0 (0) 1 (11.1) 4 (5.1)
Secondary HLH 0 (0) 2 (22.2) 5 (6.4)
Multi-organ dysfunction  
(≥2 organs), n (%)

11 (100) 8 (88.9) 48 (61.5)

Any ventilation (NIV/invasive), 
 n (%)

0 (0) 2 (22.2) 17 (21.8)

Length of stay, days—median 
(IQR)

7 (6–9) 9 (5–10) 7 (5–9)

Mortality, n (%) 0 (0) 0 (0) 2 (2.6)

HLH, hemophagocytic lymphohistiocytosis; IQR, interquartile range; NIV, noninvasive ventilation; Some 
patients had both dengue and scrub typhus (n = 1) and are counted in both columns; Any comorbidity 
denotes patients with at least one preexisting condition (refer to Table 1)

male patients; systematic reviews from India 
have similarly noted male predominance and 
a wide age distribution in clinical cohorts.1,2

Although leptospirosis has traditionally 
been considered a rural disease linked 
to agricultural exposures, the substantial 
proportion of urban patients (41%) in this 
cohort suggests a shift in epidemiology. 
Urban leptospirosis has been increasingly 
reported, including the influence of urban 
risk factors such as waterlogging and rodent 
exposure contributing to transmission.3,10 
While common comorbidities such as diabetes 
and hypertension were observed, 42% of 
patients were previously healthy, emphasizing 
that leptospirosis affects individuals across 
health backgrounds.2

Clinically,  anic teric presentations 
predominated (84.6%), consistent with 
numerous studies showing that nonjaundiced 
leptospirosis is the more frequent clinical form; 
the disease’s spectrum ranges from mild febrile 
illness to severe multi-organ involvement.1,4 
However, multi-organ involvement occurred in 
over 60% of cases in this cohort, underscoring 
the potential severity even in nonicteric 
patients. Gastrohepatic and pulmonary 
systems were often affected, reflecting the 
classic organ predilection of leptospiral 
infection.1,11 Fever remained the most universal 
symptom, with respiratory manifestations 
and breathlessness commonly reported, 
highlighting the disease’s systemic nature.2,4

A notable finding was the high rate of 
coinfections, present in more than half of 
the cohort, with dengue and scrub typhus 

spectrum and outcomes. The median age 
of 57 years and slight male predominance 
align with previous Indian and global reports 
demonstrating that leptospirosis commonly 
affects adults with a higher proportion of 

Di s c u s s i o n

This study provides a comprehensive overview 
of acute leptospirosis in a tertiary care center 
in Rajasthan, highlighting its diverse clinical 



Changing Face of Acute Leptospirosis

Journal of The Association of Physicians of India, Volume 74 Issue 8 (August 2026) 23

Table 7:  Comparison of severe vs nonsevere leptospirosis (N = 78)

Characteristic Severe (n =48) Nonsevere (n =30) p-value OR (95% CI)

Age, years—median (IQR) 57 (41–68) 56 (40–66) 0.78¹ –
Male gender—n (%) 25 (52.1) 16 (53.3) 1.00² 0.95 (0.38–2.39)
Rural background—n (%) 28 (58.3) 18 (60.0) 1.00² 0.93 (0.36–2.40)
Any comorbidity—n (%) 30 (62.5) 15 (50.0) 0.35² 1.67 (0.65–4.26)
Icteric phenotype—n (%) 9 (18.8) 3 (10.0) 0.53² 2.08 (0.51–8.38)
Any coinfection—n (%) 27 (56.3) 14 (46.7) 0.48² 1.47 (0.58–3.70)
Length of stay, days—median (IQR) 8 (6–11) 5 (4–7) <0.001¹ –

Mortality—n (%) 2 (4.2) 0 (0.0) 0.52² –

Severe disease was defined as involvement of ≥2 organ systems; CI, confidence interval; IQR, interquartile range; OR, odds ratio; ¹Mann–Whitney U test; ²Fisher’s 
exact test

H owever,  l imit at ions include the 
retrospective, single-center design with 
p otentia l  se le c t ion bias  and l imite d 
general iz abi l i t y.  The modest  sample 
size and lack of multivariate analysis 
restrict the identification of independent 
predictors. Incomplete documentation 
l i m i t e d  t h e  d e t a i l e d  a s s e s s m e n t  o f 
some clinical parameters. Additionally,  
reliance on serology for coinfections raises 
the possibility of cross-reactivity. Despite 
these constraints, the study highlights 
important trends in the clinical profile of 
leptospirosis in an endemic setting.

Co n c lu s i o n

Acute leptospirosis in adults demonstrates 
marked clinical heterogeneity with frequent 
multi-organ involvement and a substantial 
burden of coinfections in endemic settings. 
Icteric disease represents a distinct and 
more severe clinical phenotype associated 
with prolonged hospitalization and higher 
complication rates. Early diagnosis, vigilant 
monitoring for organ dysfunction, and timely 
supportive care are key determinants of 
favorable outcomes. Greater awareness of 
overlapping tropical infections is essential 
for improving diagnostic accuracy and 
management strategies in India.

Lea  r n i n g Po i n ts

Acute leptospirosis shows wide clinical 
variability, with frequent hepatic and 
respiratory involvement and multi-organ 
dysfunction in many hospitalized adults.

Anicteric disease is more common, while 
icteric (Weil’s) disease represents a more 
severe phenotype with greater complications 
and longer hospital stays.

Coinfections, especially dengue and scrub 
typhus, are common but do not consistently 
worsen outcomes.

Early diagnosis and timely supportive 
management result in low mortality and 
favorable outcomes.

prolonged hospital iz at ion,  a lthough 
mortality remained low (2.6%), highlighting 
the effectiveness of timely antibiotic therapy 
and supportive care in modern clinical 
settings.2,3,11 Despite this low mortality, 
global data indicate that severe forms, 
especially with pulmonary hemorrhage 
or renal failure, are associated with a 
significantly higher risk of death—up to 
50% in some contexts without prompt care.1,9

Overall, these findings underscore the 
heterogeneity of leptospirosis presentations, 
the importance of recognizing icteric and 
coinfected subgroups, and the critical 
role of early diagnosis and comprehensive 
management in improving outcomes. 
Additionally, the study highlights evolving 
epidemiology, including increasing urban 
cases and high rates of coinfec tions, 
emphasizing the need for region-specific 
surveillance and clinical awareness to 
improve timely diagnosis and tailored 
therapeutic strategies in endemic and 
emerging settings.2,5,6,14 The findings of 
this study are broadly consistent with 
previous Indian studies demonstrating male 
predominance, multi-organ involvement, 
and the predominance of anicteric disease. 
However, compared to earlier reports, our 
study shows a higher proportion of urban 
cases and coinfections, suggesting evolving 
epidemiological patterns.

Strengths and Limitations
This study provides a comprehensive real-
world evaluation of acute leptospirosis, 
including the clinical spectrum, organ 
involvement, coinfections, and outcomes 
in a tertiary care setting. Inclusion of only 
laboratory-confirmed cases and the use 
of predefined criteria enhance diagnostic 
reliability. The comparative analysis of icteric 
and anicteric phenotypes and the high 
burden of coinfections offer clinically relevant 
insights into disease heterogeneity and 
evolving epidemiology, including a notable 
urban contribution.

being the most frequent. Systematic analyses 
in India report coinfection of scrub typhus 
and leptospirosis as an important clinical 
consideration due to overlapping seasonal 
and geographic distributions.5,8 Coinfections 
with dengue and leptospirosis occur globally, 
with pooled coinfection prevalence reported 
in meta-analytic studies, and can complicate 
diagnosis and management.2,6,7 In the 
present cohort, these coinfections occurred 
predominantly in younger, healthier patients 
and were associated with less severe renal, 
respiratory, and neurological involvement, 
suggesting that coinfected patients may not 
necessarily develop more severe leptospirosis.7,10 
However, this finding should be interpreted 
cautiously given the small subgroup size and 
lack of multivariate adjustment. The possibility 
of serological cross-reactivity, particularly in 
endemic settings, cannot be excluded and may 
have led to overestimation of coinfection rates. 
Therefore, these findings should be interpreted 
with caution.

Distinct clinical patterns were observed 
with specific coinfections. For instance, 
dengue coinfection primarily affected the 
hepatic and hematological systems, while 
scrub typhus coinfection showed broader 
organ involvement, reinforcing pathogen-
specific vigilance in endemic regions.5,12,13 
These findings are consistent with other acute 
febrile illness surveillance studies that show 
diverse organ involvement depending on the 
infectious agent.6,8

Icteric leptospirosis (Weil’s disease) 
represented a younger, more severely affected 
subgroup with universal hepatic involvement, 
a higher incidence of hemophagocytic 
lymphohistiocytosis (HLH), longer hospital stays, 
and a trend toward increased mortality. Severe 
leptospirosis marked by jaundice and organ 
dysfunction is well documented as a distinct and 
serious clinical phenotype with higher morbidity 
and variable mortality rates across settings.1,9

Severe leptospirosis, defined by multi-
organ involvement, was observed in over 
60% of patients and was associated with 
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Ab s t r ac t
Background: Tuberculous meningitis (TBM) causes death or severe disability in 50% of afflicted 
patients. Among the various complications, such as hydrocephalus, hyponatremia, cranial nerve 
palsies, seizures, and myeloradiculopathy, hyponatremia occurs more frequently, affecting 35–65% 
of patients with central nervous system (CNS) tuberculosis.
Aim: To study the prevalence of hyponatremia in patients with TBM and its correlation with the 
clinical profile, severity of illness, and outcome.
Methodology: In suspected TBM patients with low sodium levels, serum and urine osmolality 
were measured by an osmometer [Advanced Instruments, Inc. (2020)] to evaluate the possible 
causes. Patients underwent brain imaging to look for hydrocephalus, vasculitic infarcts, and basal 
exudates. They were followed up with serum sodium levels until the completion of treatment and 
repeat brain imaging during follow-up to assess radiological recovery.
Results: A total of 100 suspected TBM patients with a mean age of 32.6 years and predominantly 
female (57%) were included. The most common symptoms were fever, headache, altered sensorium, 
and seizures. The VI cranial nerve was most frequently involved. A total of 31% of patients presented 
in stage III, with a significant association with mortality (p = 0.002). Hyponatremia was seen in 
57% of patients. The GeneXpert Ultra-based polymerase chain reaction (PCR) test for tuberculosis 
was positive in 41% of patients. Basal exudates (p = 0.001) and tuberculomas (p = 0.004) on 
brain imaging had a significant association with mortality. On follow-up, 41% of patients had 
improvement, 35% expired, and 10% had a static condition. Repeat sodium levels along with 
brain imaging were assessed (p = 0.001).
Conclusion: There was a high prevalence of hyponatremia in TBM patients, as seen in 57% of 
patients, which occurred most frequently due to syndrome of inappropriate antidiuretic hormone 
secretion (SIADH), followed by cerebral salt-wasting syndrome (CSWS), and was related to the 
severity of TBM.
Keywords: Basal exudates, Hyponatremia, Syndrome of inappropriate antidiuretic hormone 
secretion, Tuberculous meningitis.
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sequelae, such as intellectual disability, 
hydrocephalus, sensorineural hearing 
loss, cranial nerve palsies, seizures, stroke-
associated neurological deficits, and coma, 
occur.2

Intravascular volume disturbances are 
frequent in TBM. Among TBM patients, 
nearly 45% present with hyponatremia 
in the study by Misra et  al.,6 and it can 
independently predict death or disability. 
In another study by Hieu et al.,7 the death 
rate among TBM patients was approximately 
one-third of cases.

Disability-free survival in TBM is not 
entirely dependent on the activity of 
antitubercular drugs. Brain infarction, severe 
hyponatremia, tuberculoma formation, and 
hydrocephalus are the most common life-
threatening complications that can occur 
both before and during antituberculosis 
treatment. The need to distinguish between 
cerebral salt-wasting syndrome (CSWS) 
and syndrome of inappropriate antidiuretic 
hormone secretion (SIADH) is important 
because the treatment of one might be 
detrimental to the other.

This study primarily emphasized the 
need for the early diagnosis of the cause of 
hyponatremia, which can significantly alter 
the neurological outcome of the patient.

Me t h o d o lo g y

The study was conducted based on the 
collection of data from suspected TBM 
patients aged older than 12 years admitted 
to the Post Graduate Institute of Medical 

In t r o d u c t i o n

Tuberculous meningitis (TBM) is a serious 
public health problem in developing 

countries, as it causes significant mortality 
and residual neurological sequelae. As per the 
Indian national guidelines for extrapulmonary 
tuberculosis (TB),1 it constitutes 1% of all TB 
cases. In drug-resistant TB meningitis patients 
coinfected with the retrovirus, the death 
rate is nearly 100%. Among chronic central 
nervous system (CNS) infections, CNS TB 
is the most common because of the high 
prevalence of TB in the community.

In 2020, worldwide, there was a substantial 
fall (18% drop) in the number of people newly 
diagnosed with TB and notified to health 
authorities compared with 2019, in contrast to 
the marked increase in notifications between 
2017 and 2019.2

Globally, an estimated 10.6 million 
people suffered from TB in 2021. Among all 
TB cases, 6.7% were among people living 

with human immunodeficiency virus (HIV). 
Geographically, most TB cases in 2021 were in 
the World Health Organization (WHO) regions 
of South-East Asia (45%), Africa (23%), and the 
Western Pacific (18%).3 When it comes to TBM, 
it has an incidence of 0.1 million every year 
and is the most devastating and disabling 
form, with >50% mortality or neurological 
sequelae among survivors.4

The Government of India launched the 
Pradhan Mantri TB Mukt Bharat Abhiyaan 
on 9th September 2022, which aimed at 
the early identification of cases from such 
population groups and the early initiation of 
treatment,5 as TB causes the largest number 
of deaths among all infectious diseases in 
India. India has 20% of the world’s population 
but accounts for >25% of the total TB cases 
worldwide.

I f  u n t r e a t e d ,  T B M  m a y  l e a d  t o 
altered sensorium, coma, and death. In 
patients who survive TBM, neurological 
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test was positive in 41 (41%) patients, which 
accounted for a definitive diagnosis of TBM. 
Sixty (60%) patients had rifampicin-sensitive 
disease, two (2%) patients were rifampicin 
resistant, whereas 38 (38%) had indeterminate 
resistance, as highlighted in Table 1.

TBM patients presented with different 
clinical stages. Most patients, 40 (40%), were 
in stage II, 31 (31%) were in clinical stage III, 
and 29 (29%) were in stage I. Clinical stage 
had a significant association with mortality 
(p-value = 0.002).

On brain imaging, 57 (57%) patients had 
hydrocephalus, 38 (38%) had basal exudates, 
24 (24%) had cerebral vasculitic infarcts, 
17 (17%) had tuberculomas, 13 (13%) had 
arachnoiditis, and 11 (11%) patients had a 
miliary pattern on chest X-ray. Among these 
findings, only basal exudates (p-value = 0.01) 
and tuberculomas (p-value = 0.004) had a 
significant correlation with patient outcomes.

The clinical-radiological predictors of 
poor outcome in this study were low GCS at 
admission, the presence of altered mental 
sensorium, a higher clinical stage of TBM, and 
the presence of infarcts and exudates on MRI 
brain findings at the time of admission.

In our study, the probable etiology 
of hyponatremia was assessed based on 
volume status (clinical and laboratory 
parameters). Among the 57 (57%) patients 
with hyponatremia, 29 (29%) belonged to 
the SIADH group, and 26 (26%) belonged to 
the CSWS group. However, the etiology of 
hyponatremia in our study was not a predictor 
of mortality (p-value = 0.693). CSWS was more 
common in males, whereas SIADH was more 
common in females. Seizures occurred with 
almost equal frequency in both the CSWS 
and SIADH groups. Among the radiological 
parameters, hydrocephalus occurred with 
equal frequency in both groups. Exudates and 
infarcts appeared to be more common in the 
SIADH group (Fig. 1).

The Glasgow Coma Scale (GCS) score 
calculated at the time of admission was found 
to be a significant predictor of mortality  
(p-value = 0.001) (Fig. 2).

The occurrence of clinical parameters, 
such as hypotension, dry mucous membranes, 
and tachycardia, had a significant association 
when comparing the CSWS and SIADH 
groups (p-value = 0.001). However, the 
laboratory parameters, such as serum uric 
acid, urea, hematocrit, and albumin, did 
not have a significant association, whereas 
the occurrence of anemia in both groups 
had statistical significance (p-value = 0.039) 
(Table 2).

Modified antitubercular therapy (ATT) was 
started in 10 patients who had initially been 
started on first-line antitubercular therapy, 

treatment. They also underwent repeat MRI 
of the brain to assess radiological recovery.

Statistical Analysis
Data were entered into an Excel sheet after 
collection from the study participants. 
The cleaned data were exported to SPSS 
version 21 (SPSS Inc., Chicago, IL, USA) for 
Microsoft Windows to carry out all statistical 
calculations.

Continuous data, including demographic 
details and clinical and laboratory parameters, 
were described in terms of mean ± standard 
deviation (SD) and range or median and 
interquartile range. Discrete categorical data 
to denote the prevalence of hyponatremia in 
TBM patients were estimated as percentages 
and presented as n (%) with a 95% confidence 
interval. For predictors of outcome compared 
between patients with hyponatremia and 
those without hyponatremia in the TBM study 
subjects, the Chi-square (χ²) test and Fisher’s 
exact test (<5) were performed. Comparison 
among etiologies, such as CSWS and SIADH, in 
TBM patients was also evaluated using the Chi-
squared test. A probability value (p-value) of 
<0.05 was considered statistically significant.

Re s u lts

Our study included 100 patients with TBM, 
of whom 43 (43%) were male and 57 (57%) 
were female. The mean age of the patients 
in our study was 32 years, with two-thirds 
of patients (67%) below 40 years of age. 
The age of the patients turned out to be a 
significant predictor of mortality (p-value = 
0.015), whereas gender was not a significant 
predictor of mortality (p-value = 0.369).

Among the 100 patients, the most 
common presenting symptom was fever in 
97 (97%), followed by headache in 81 (81%), 
altered mental sensorium in 73 (73%), and 
vomiting in 56 (56%) patients. In addition, 27 
(27%) patients had seizures on presentation.

Hyponatremia was prevalent in 57% 
of the patients, among whom most were 
euvolemic (29%), 26% were hypovolemic, 
and 2% were hypervolemic. However, no 
significant association between the type of 
hyponatremia and the outcome was observed 
(p-value = 0.693).

Among the cranial nerve palsies, cranial 
nerve VI was affected most frequently in  
18 (18%) patients, followed by cranial nerve III 
in eight (8%), cranial nerve IV in four (4%), and 
cranial nerve II in three (3%) patients; these 
findings were not statistically significant.

In this study, 41 (41%) patients had 
def initive cases, 48 (48%) were highly 
probable, and 11 (11%) had a possible 
diagnosis of TBM.8 The GeneXpert Ultra 

Education and Research (PGIMER), Chandigarh, 
India, during the study period from August 
2021 to June 2023 after obtaining permission 
from the Institutional Ethics Committee vide 
INT/IEC/2021/SPL-1301 dated 14th September 
2021. Suspected TBM patients who fulfilled 
the Lancet Consensus Criteria8 were enrolled 
in the study, and their cerebrospinal fluid (CSF) 
was collected. The collected CSF samples 
were analyzed using the polymerase chain 
reaction (PCR)-based GeneXpert Ultra method 
to diagnose TBM.

At the initial evaluation of patients, a 
detailed history, including symptoms of 
raised intracranial pressure, seizures, diarrhea, 
and vomiting, was recorded in the case 
record form. TBM severity [British Medical 
Research Council (BMRC)] was categorized, 
and the conscious level was also assessed 
using the Glasgow Coma Scale (GCS). Clinical 
examination was focused on hemodynamic 
assessment, such as hypotension, tachycardia, 
and dry mucous membranes, which helped 
differentiate between the major causes of 
hyponatremia in TB meningitis.

Biochemical Tests
All suspected TBM patients at the time 
of admission underwent routine blood 
investigations, such as complete hemogram, 
serum sodium and potassium levels, renal 
function tests, and liver function tests. 
Serum samples were analyzed on the 
random-access autoanalyzers Beckman 
Coulter (models AU580 0 and AU4 80) 
and Cobas 8000 used in the emergency 
biochemistry laboratory. Serum and urine 
sodium level measurements were based on 
the potentiometry principle.

In patients with low sodium levels who 
were treatment-naive for TBM, serum and 
urine osmolality were measured by an 
osmometer [Advanced Instruments, Inc. 
(2020)] using the freezing-point depression 
method to establish the type of hyponatremia 
and evaluate the possible causes.

Hyponatremia was categorized based on 
serum sodium levels into severe (<120 mEq/L), 
moderate (120–129 mEq/L), and mild (130–134 
mEq/L) groups. In addition, a volume status 
assessment was performed to differentiate 
the common causes of hyponatremia in TBM, 
such as CSWS and SIADH.9,10

Patients underwent brain imaging, such 
as noncontrast computed tomography (CT) of 
the head at admission, followed by magnetic 
resonance imaging (MRI) of the brain to look 
for hydrocephalus, vasculitic infarcts, basal 
exudates, and gyral enhancement.

Patients were followed up every 6 weeks, 
and serum sodium levels and liver function 
tests were measured until the completion of 
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Fig. 1A to D: Pie-diagram illustrates various types of Hyponatramia on basis of laboratory values of sodium 
(A), volume status (B), etiology of hyponatraemia (C), outcome of patients with hypo-natraemia (D)

Table 1:  Comparison of clinical, radiological parameters with and without Hyponatraemia in patients with Tubercular meningitis (n = 100)

Parameters Total Hyponatremia
57 (57%)

Without hyponatremia
43 (43%)

p-value

Age-group 0.151
<20 years 23 (23%) 15 (26.3%) 8 (18.6%)
21–30 32 (32%) 17 (29.8%) 15 (34.9%)
31–40 18 (18%) 12 (21.05%) 6 (14%)
41–50 15 (15%) 7 (12.2%) 8 (18.6%)
51–60 7 (7%) 3 (5.2%) 4 (9.3%)
>60 5 (5%) 3 (5.2%) 2 (4.7%)

Gender 0.67
Male 47 (47%) 27 (47.36%) 20 (46.5%)
Female 53 (53%) 20 (35.08%) 23 (53.5%)

Cerebral imaging
Hydrocephalus 50 (50%) 30 (52.6%) 20 (46.5%) 0.709
Basal exudates 38 (38%) 27 (47.3%) 11 (25.6%) 5.97
Vasculitic infarcts 24 (24%) 16 (28.07%) 8 (18.6%) 1.43
Tuberculomas 17 (17%) 11 (19.29%) 6 (14%) 5.76

Arachnoiditis 13 (13%) 6 (10.52%) 7 (16.3%) 1.32

poverty, poor sanitation, overcrowding, and 
limited access to health care.

The present study included 100 patients, 
with 43 males and 57 females, and the mean 
age was 32 years. Most of the patients (n = 32) 
included in our study were between 21 and 
40 years of age, and age was established as 
a significant predictor of mortality (p-value = 
0.015), in contrast to the study by Hieu et al.,7 
in which age was not a significant contributor 
to mortality.

In our study, 30% of patients had 
mild hyponatremia, 24% had moderate 
hyponatremia, while severe hyponatremia 
occurred in only 3% of cases, possibly because 
our institute provides tertiary care facilities 
to various northern states of India, especially 
for neurological illnesses, as the first point 
of contact, and patients came from far-flung 
areas with early referral for timely diagnosis 
and the excellent services provided by our 
institute (Figs 1 and 2).

Ab o ut  30 % of  th e p at i e nt s  w ith 
hyponatremia were hypovolemic, which was 
similar to the study by Misra et al.,6 as most 
of the admitted patients belonged to a lower 
socioeconomic status and were less educated, 
resulting in a poorer understanding of the 
disease process.

A total of 41 (41%) patients had a definitive 
diagnosis of TBM, which differed from the 
study by Misra et al.,11 in which 23% of patients 
had a definitive diagnosis. This is attributed to 
the higher sensitivity of the CSF GeneXpert 
Ultra test12 performed in comparison with 
previous studies, which primarily depended on 
GeneXpert. Among cranial nerve involvement, 
three (3%) patients had involvement of cranial 
nerve II, eight (8%) of cranial nerve III, four (4%) 

exudates on MRI of the brain at presentation, 
follow-up MRI findings, and follow-up sodium 
levels (p-value = 0.001) (Table 3).

Di s c u s s i o n

In India, the disease burden of tuberculosis (TB) 
is estimated at 2.6 million people contracting 
the disease, and approximately 4,00,000 
people die every year.5 The enormous 
burden of the disease is faced by developing 
and underdeveloped countries because of 

and ventriculoperitoneal (VP) shunting was 
performed in 15 patients among the 50 patients 
with hydrocephalus. Neither of these parameters 
had a significant association with the final 
outcome (p-values = 0.2 and 0.5, respectively).

In terms of study outcomes, 48 (48%) 
patients showed improvement, 35 (35%) patients 
died, 10 (10%) patients remained in a static 
condition, and seven (7%) patients were lost 
to follow-up. Parameters that had a significant 
association with mortality included patient 
age, clinical stage, GCS, hydrocephalus, basal 
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Table 2:  Comparison of clinical, laboratory, cerebral imaging, staging in different etiologies of Hypo-natraemia in patients with Tubercular meningitis (n = 57)

Parameters CSWS (N = 26) SIADH (N = 29) Others (N = 2) Total (N = 57) p-value

Clinical
Gender 0.189

Male 15 (57.7%) 12 (41.4%) 0 (0%) 27
Female 11 (42.3%) 17 (58.6%) 2 (100%) 30

Dry mucous membrane 24 (92.3%) 2 (6.9%) 0 (0%) 26 0.001
Tachycardia (HR >100) 26 (100%) 4 (13.8%) 1 (50%) 31 0.001
Weight loss 15 (57.7%) 17 (58.6%) 0 (0%) 32 0.265
Seizures 17 (65.4%) 18 (62.1%) 1 (50%) 36 0.896
Blood investigations

Hemoglobin >11 gm/dL 26 (100%) 23 (79.3%) 2 (100%) 51 0.039
Hematocrit >30 18 (69.2%) 25 (86.2%) 2 (100%) 45 0.329
Urea >40 mg/dL 15 (57.7%) 16 (55.2%) 2 (100%) 33 0.462
Uric acid <4 mg/dL 2 (7.7%) 7 (24.1%) 1 (50%) 10 0.395
S. albumin >3 gm/dL 18 (69.2%) 18 (62.1%) 1 (50%) 37 0.727

Cerebral imaging
Hydrocephalus 13 (50%) 13 (44.8%) 2 (100%) 28 0.318
Exudates 9 (34.6%) 17 (58.6%) 1 (50%) 27 0.204
Infarcts 5 (19.2%) 11 (37.9%) 0 (0%) 16 0.204
Tuberculomas 4 (15.4%) 7 (24.1%) 0 (0%) 11 0.557
Arachidonitis 3 (11.5%) 3 (10.3%) 0 (0%) 6 0.876

Stage III TBM 9 (34.6%) 11 (37.9%) 0 (0%) 20 0.532

Fig. 2A to D: Patients with Hyponatraemia are categorized into mild, moderate, severe types on 
basis of sodium levels on Y-axis as constant. In different bar diagrams: (A)  Comparison  with level 
of consciousness with  Glasgow coma scaling system(GCS) is established; (B) Comparison with 
various stages of TBM is described; (C) Various etiologies of Hyponatraemia like cerebral salt wasting, 
syndrome of in appropriate anti-diuretic hormone secretion is described; (D) Comparison is done 
with early initiation of anti-tubercular therapy versus late initiation with severity of Hypo-natraemia

In this study, mortality was high in both 
hypovolemic and euvolemic states, at 14 and 
16%, respectively, while 14.3% mortality was 
observed in the hypervolemic state. In the 
present study, two patients (among the three 
patients) with severe hyponatremia died. As 
far as gender is concerned, although female 
patients had a predisposition for moderate 
and severe hyponatremia, no significant 
difference in terms of mortality was observed. 
The Chi-squared test did not demonstrate any 
significant association between the severity of 
hyponatremia and overall survival (p-value = 
0.621). However, mortality with respect to the 
clinical stage of the disease had a significant 
association (p-value = 0.001), which is expected 
because patients with stage III disease had 
more severe illness and, thus, higher mortality.

Correction of hypovolemic hyponatremia 
requires close serial monitoring, as the correction 
rate is unpredictable in this category. In contrast, 
in hypervolemia or SIADH, water restriction with 
appropriate drugs is the mainstay of treatment 
for the correction of hyponatremia to induce 
negative water balance. In the management 
of SIADH, loop diuretics, plentiful oral salt, 
and vaptans augment free water excretion 
and help normalize sodium levels. Thus, 
hypotonic fluids must be administered carefully 
to hospitalized patients, as they can precipitate 
severe hyponatremia and carry a high mortality 
risk, as reported in earlier studies.6,11

As the study was conducted during 
the coronavirus disease 2019 (COVID-19) 
pandemic, when access to tertiary health 

poor outcome was observed. The sixth cranial 
nerve was the most commonly involved in our 
study because of its longest intracranial course 
and basal brain predilection.

of cranial nerve IV, two (2%) of cranial nerve V, 
and 18 (18%) of cranial nerve VI, but this did 
not predict mortality, in contrast to the study 
by Synmon and Kayal,13 in which a significantly 
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Table 3:  Comparison of clinical characteristics, radiological, staging of TBM between survivors and non survivors (n = 100)

Parameters Total Survivors (N = 73) Nonsurvivors Mortality 
(N = 27)

p-value

Age 0.015

<20 years 23 (23%) 21 (28.8%) 2 (7.4%)

21–30 32 (32%) 26 (35.6%) 6 (22.2%)

31–40 18 (18%) 12 (16.4%) 6 (22.2%)

41–50 15 (15%) 9 (12.3%) 6 (22.2%)

51–60 7 (7%) 2 (2.7%) 5 (18.5%)

>60 5 (5%) 3 (4.1%) 2 (7.4%)

Gender 0.369

Male 47 (47%) 32 (43.8%) 15 (55.6%)

Female 53 (53%) 41 (56.2%) 12 (44.4%)

GCS group 0.001

<10 26 26 (35.6%) 20 (74.1%)

11–14 23 23 (31.5%) 7 (25.9%)

>14 24 24 (32.9%) 0 (0.0%)

Hydrocephalus 50 31 (42.5%) 19 (70.4%) 0.023

Basal exudates 38 32 (43.8%) 6 (22.2%) 0.048

Vasculitic infarcts 24 (24%) 12 (16.4%) 12 (44.4%) 0.004

Tuberculomas 17 (17%) 16 (21.9%) 1 (3.7%) 0.036

Arachnoiditis 13 (13%) 11 (15.1%) 2 (7.4%) 0.505

Diagnosis

Definitive 41 28 (38.4%) 13 (48.1%) 0.609

Clinical stage TBM 0.001

I 29 (29%) 27 (37%) 2 (7.4%)

II 40 (40%) 31 (42.5%) 9 (33.3%)

III 31 (31%) 15 (20.5%) 16 (59.3%)

VP shunting 15 10 (13.7%) 5 (18.5%) 0.549

MRI status 0.001

Worsening 1 1 (1.4%) 0 (0.0%)

Improvement 38 38 (52.1%) 0 (0.0%)

Static 12 11 (15.1%) 1 (3.7%)

LTFU 24 22 (30.1%) 2 (7.4%)

Death 25 1 (1.4%) 24 (88.9%)

Follow-up Na 0.001

Worsening 1 1 (1.4%) 0 (0.0%)

Normalized 24 24 (32.9%) 0 (0.0%)

Persistent 7 7 (9.6%) 0 (0.0%)

Death 12 11 (15.1%) 1 (3.7%)

LTFU 13 0 (0.0%) 13 (48.1%)

Etiology of hyponatremia 0.693

CSWS 26 19 (26.0%) 7 (25.9%)

SIADH 29 22 (30.1%) 7 (25.9%)

Other causes 2 2 (2.7%) 0 (0.0%)

� Contd…
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Contd…

Parameters Total Survivors
(N = 73)

Nonsurvivors
Mortality (N = 27)

p-value

Type of hyponatremia 0.693
Hypovolemic 26 19 (26.0%) 7 (25.9%)
Euvolemic 29 22 (30.1%) 7 (25.9%)

Hypervolemic 2 2 (2.7%) 0 (0.0%)
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in TBM occurred most frequently due to SIADH, 
followed by CSWS. There was high mortality 
(35%), and the predictors of outcome were 
patient age, clinical stage, GCS, the presence 
of hydrocephalus and exudates on MRI brain 
findings at presentation, improvement on 
follow-up MRI brain findings, and normalization 
of follow-up sodium levels, all of which were 
statistically significant parameters.
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services was jeopardized, more patients 
presented with stage III disease; therefore, 
patients presented in critical condition, 
leading to high mortality.

Hyponatremia in CNS infections can 
result from more than one mechanism, with 
SIADH and CSWS being the most common, 
as reported in a similar study by Misra et al.6

SIADH is a volume-expanded state 
because of antidiuretic hormone-facilitated 
renal water retention, in contrast to CSWS, 
in which there is reduced effective arterial 
blood volume secondary to renal salt wasting. 
Natriuretic peptides, including both brain 
natriuretic peptide and C-type natriuretic 
peptides, have been associated with the 
proposed mechanism in CSWS.1

In our study, 57 (57%) of the patients 
had hyponatremia at admission, similar 
to the study by Anderson et  al.14 Out of 
the 57 patients, the probable etiology of 
hyponatremia was SIADH in 29 (29%) patients 
and CSWS in 26 (26%) patients, in contrast 
to the study by Misra et al.,6 in which CSWS 
occurred in 17% of patients and SIADH in 13%.

Co n c lu s i o n

There was a high prevalence (57%) of 
hyponatremia in TBM patients. Hyponatremia 
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ORIGINAL ARTICLE

Ab s t r ac t
Diabetes mellitus, a chronic metabolic disorder with the key feature of hyperglycemia, constitutes 
a significant global health threat due to the rising number of cases worldwide. This cross-sectional 
study was designed to examine the prevalence of diabetes mellitus and its connection with body 
mass index (BMI), neck circumference, and obstructive sleep apnea (OSA) risk among the adults 
of Kolkata, West Bengal.
The study included 1,016 adults between the ages of 41–70 years, with anthropometric 
measurements and fasting blood glucose levels recorded. The diabetes prevalence was 12.98% 
in males and 13.01% in females, which was highest in the age group of 51–60 years. A significant 
association was observed between BMI and diabetes, as higher prevalence rates were witnessed 
among overweight and obese individuals as opposed to those with normal or underweight BMIs. 
Moreover, neck circumference was positively correlated with the prevalence of diabetes. The larger 
the neck circumference, the higher the risk of diabetes. Besides, the prevalence of diabetes in 
high-risk subjects for OSA was higher than in low- and intermediate-risk participants, indicating 
a remarkable association between the risk for OSA and diabetes.
These findings draw attention to the need for public health interventions for the prevention and 
management of obesity, monitoring neck circumference, and addressing OSA in order to reduce 
the burden of diabetes in urban areas in India. Screening and intervention campaigns aimed 
at different age groups at high risk should focus on early detection and treatment of patients. 
The study overall helps in the understanding of the epidemiology in urban India, and such 
comprehensive approaches in diabetes management are also emphasized.
Keywords: Body mass index, Diabetes mellitus, Neck circumference, Obstructive sleep apnea, 
Urban India.
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sector and necessitating epidemiological 
studies for a comprehensive understanding 
of the disease prevalence and associated risk 
factors. The metropolitan city of Kolkata, 
famous for its rich heritage, culture, and busy 
landscapes, faces a double-edged sword 
of communicable and noncommunicable 
diseases, with diabetes being the major 
cause for the latter. Kolkata, like several 
other urban settings in India, has come 
under the spell of rapid urbanization and 
lifestyle transitions, which have changed 
food habits and physical activity levels and 
consequently affected the BMI distribution 
pattern among the adult population. Hence, 
looking into the link between BMI and 
diabetes along with other risk factors such 
as neck circumference and obstructive sleep 
apnea (OSA) in this vicinity is essential for 
designing helpful measures and promoting 
healthy lifestyles.7–10

In this context, the present study intends 
to assess the current prevalence of diabetes 
mellitus among the adults of Kolkata, West 
Bengal, and also study the correlations 
with BMI, neck circumference, and OSA risk 
levels in this population. This study is poised 
to contribute to the larger discussion on 
preventing and managing noncommunicable 
diseases in urban India.

In t r o d u c t i o n

Diabetes mellitus is a chronic metabolic 
disorder that arises from hyperglycemia 

due to insulin secretion defects, insulin 
action defects, or a combination of the two. 
It is one of the most significant global health 
risks that we have to face, and the cases have 
kept rising in the past few decades.1 As per 
the International Diabetes Federation (IDF), 
the global prevalence of diabetes in 20–79 
years old for 2021 was measured to be 10.5% 
(536.6 million people), which will continue 
to rise to 12.2% in the projection to 2045. 
The 2021 global health expenditures for 
diabetes-related diseases were about 966 
billion USD and will be projected to grow to 
1,054 billion USD by 2045. In India, there are 
77 million people who are 18 years old and 
above and are diabetic (type 2), and almost 25 
million people are others who are categorized 
as prediabetics (have a higher chance of 
developing diabetes soon).2,3 One of the main 
characteristics of type 2 diabetes mellitus 
(T2DM) is obesity, which is noted by high 
body mass index (BMI). Excess deposition of 

adipose tissue is the main feature of obesity. It 
interferes with insulin metabolism, principally 
by making the body resistant to insulin, which 
means that T2DM is more likely to develop. 
The link between BMI and diabetes rates at 
population levels is well-known, pointing out 
a prevalent correlation between high BMIs 
and an increased risk of diabetes.4

Diabetes mellitus is common among 
adults, and it is essential to understand 
the relationship between its prevalence 
and BMI. This information can help in the 
development of public health planning 
and intervention programs to mitigate 
the burden of this chronic disease. The 
prevalence of diabetes and its association 
with BMI can be evaluated, which can later 
guide identifying high-risk populations, 
stimulating targeted prevention efforts, 
and improving optimal healthcare resource 
allocation.5,6

In India, particularly in cities like Kolkata 
in West Bengal, the diabetes burden is 
i n c r e a s i n g  e x p o n e n t i a l l y,  p o s i n g  a 
formidable challenge to the healthcare 
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to be higher in males as compared with their 
female counterparts.

Table 2 shows the prevalence of diabetes 
according to age, sex, BMI categories, neck 
circumference and OSA risk levels among the 
study participants. A total of 1,016 suburban 
adults were included in this present study, 
of which 524 (51.57%) were males and  
492 (48.43%) were females. The prevalence of 
diabetes among males and females is 12.98% 
(95% CI: 10.22–16.16) and 13.01% (95% CI: 
10.16–16.31), respectively.

Of the total study population, the majority, 
376 (37.01%), were in the age group 41–50 years, 
and the minimum number of participants was 
present in the age group 51–60 years (26.18%). 
The maximum prevalence (18.42%, 95% CI: 
13.95–23.61) of diabetic adults was in the 
51–60 years age group, whereas the minimum 
prevalence (7.75%, 95% CI: 5.25; 10.95) was in 
the 61–70 years age group.

Among the total study participants,  
443 (43.61%) were overweight, and 56 (5.51%) 
were obese. The prevalence of diabetic 
adults with undernutrition and normal BMI 
category is 13.59% (95% CI: 7.63; 21.75) and 
14.25% (95% CI: 11.03; 17.99), respectively. 
Besides this, the prevalence of diabetic adults 
with overweight and obese BMI categories is 
12.64% (95% CI: 9.69; 16.10) and 5.36% (95% 
CI: 1.12; 14.87), respectively.

Furthermore, the study explored the neck 
circumference and the prevalence of diabetes 
among studied participants. It was notable 
that the mean neck circumference of the 
diabetic group (39.2 ± 3.5 cm) was significantly 
more than that of the nondiabetic group 

Neck circumference was measured with a 
standard nonelastic tape. Measurements were 
classified into two groups: <38 cm and ≥38 cm. 
To measure the OSA risk levels, participants 
were categorized into three groups: low, 
intermediate, and high. The OSA risk levels 
were determined by using a standard OSA 
risk assessment tool considering data such 
as age, BMI, neck circumference, and sleep 
apnea symptoms.

Statistical software MedCalc (Version:20) 
was used to carry out statistical analysis. 
Descriptive statistics of mean and standard 
deviation were used to examine the collected 
data. Besides descriptive statistics, to test the 
differences between the age groups and the 
association between BMI, neck circumference, 
OSA risk levels, and diabetes, t-test and 
correlation analysis were done, respectively. 
p < 0.05 was taken as statistically significant.

Re s u lts

The significance of the sex difference between 
various parameters is evident from Table  1. 
Mean values of age, stature, body weight, 
BMI, neck circumference and FBG were found 

Mat e r i a l s a n d Me t h o d s

This cross-sectional study was carried out 
among 1,016 adults, aged 41–70 years; of 
these, males and females were 524 and 492, 
respectively, from 2023, November 11 to 14. 
The participants were selected through a 
simple random technique from the Baguihati 
area of Kolkata, West Bengal, India.

The participants were divided into three 
different age groups with 10-year intervals 
each to study the age trend of diabetes. 
Anthropometric measurements, such as 
stature and body weight, were measured 
using standard instruments and techniques 
given by Weiner and Lourie.11 Measurements 
were taken on the subjects wearing minimal 
and light apparel. BMI (weight/height2) 
was calculated and classified according 
to the proposed criteria of the World 
Health Organization (WHO) Asian-Pacific 
cutoff points (underweight <18.5 kg/m2, 
normal = 18.5–22.9 kg/m2, overweight = 23.0– 
24.9 kg/m2, and obese ≥25 kg/m2.12 Diabetes 
was taken as <126 mg/dL. A value of 100– 
125 mg/dL was classified as prediabetes. 
Nondiabetes was taken as >100 mg/dL.13

Table 1:  Significance of the sex difference between various parameters (n = 1016)

Parameters Males (mean ± SD) Females (mean ± SD)

Age (years) 56.35 ± 8.52 55.97 ± 8.68
Stature (cm) 156.97 ± 7.22 154.15 ± 7.07
Weight (kg) 55.19 ± 7.49 52.21 ± 8.02
BMI (kg/m2) 22.42 ± 2.93 21.93 ± 2.87
Neck circumference (cm) 39.5 ± 3.7 37.8 ± 3.1

FBG (mg/dL) 105.41 ± 28.66 104.59 ± 23.01

Table 2:  Prevalence of diabetes according to age, sex, BMI categories, neck circumference and OSA risk level (n = 1016)

Parameters Number (%) Diabetic (%) Prevalence (%) 95% CI p-value

Sex
Male 524 (51.57) 68 (51.52) 12.98 10.22 to 16.16 0.9866
Female 492 (48.43) 64 (48.48) 13.01 10.16 to 16.31

Age group (years)
41–50 376 (37.01) 54 (40.91) 14.36 10.98 to 18.32 0.0002
51–60 266 (26.18) 49 (37.12) 18.42 13.95 to 23.61
61–70 374 (36.81) 29 (21.97) 7.75 5.25 to 10.95

BMI
Undernutrition 103 (10.14) 14 (10.61) 13.59 7.63 to 21.75 0.2650
Normal 414 (40.74) 59 (44.69) 14.25 11.03 to 17.99
Overweight 443 (43.61) 56 (42.42) 12.64 9.69 to 16.10
Obese 56(5.51) 3 (2.28) 5.36 1.12 to 14.87

Neck circumference (cm)
<38 668 (65.7) 60 (45.45) 8.98 6.84 to 11.91 0.0001
>38 348(34.3) 72 (54.55) 20.69 17.13 to 24.52

OSA risk levels
Low 612 (60.2) 59 (43.39) 9.66 7.53 to 12.11 0.0003
Intermediate 286 (28.2) 54 (39.13) 18.88 14.58 to 24.28

High 118 (11.6) 19 (17.96) 16.10 10.82 to 23.62
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Several studies have revealed that 
neck circumference is another important 
anthropometric measurement that is 
significantly associated with the prevalence 
of diabetes. The diabetic group showed 
greater neck circumference compared 
with their nondiabetic counterparts. This 
indicates that neck circumference can be 
one of the useful indicators for diabetes risk 
assessment, probably due to its association 
with upper body adiposity and insulin 
resistance.

This study further showed that there 
is  a signif icant relationship bet ween 
diabetes prevalence and the levels of OSA 
risk. The prevalence of diabetes among 
the participants at high risk for OSA was 
higher than among those either at low 
or intermediate risk. Such a correlation 
might indicate that OSA contributes to the 
development or worsening of diabetes 
risk via intermittent hypoxia and resultant 
metabolic disturbances. This strong positive 
association of risk between OSA and diabetes 
would, therefore, underline the imperative 
requirement for comprehensive screening 
and management strategies addressing the 
two conditions together.

In the contex t of prevention and 
m ana g e m e nt ,  i t  i s  n ot  o nl y  we i ght 
management that will be important but 
also addressing sleep disorders to reduce 
the overall burden of diabetes. Public health 
interventions need to be age- and risk-
profile-specific, with regular screening for 
diabetes and obesity, with OSA enabling early 
detection and effective management.

Co n c lu s i o n

In conclusion, the data in this research illustrate 
the prevalence of diabetes mellitus and its 
relation with BMI, neck circumference, and 

results reinforce the vital importance of 
implementing public health measures geared 
toward the prevention and management of 
diabetes in urban India, in particular, Kolkata.

The distribution of diabetes prevalence 
by age shows interesting trends; the greatest 
prevalence is registered in the age-group 
51– 60 years .  The middle -aged group 
also included the highest proportion of 
participants, demonstrating that middle-
aged adults are especially vulnerable to 
diabetes in this community. These results 
stress the need for targeted screening and 
intervention strategies that aim at different 
age groups, especially with the increasing 
prevalence of diabetes worldwide among 
the younger age cohorts.

This study provides evidence of the 
association between BMI and diabetes. Obesity 
was found to be related to diabetes in this study, 
confirming the role of obesity as an important 
risk factor for diabetes development. Diabetes 
was more common among people whose BMI 
was overweight or obese as compared to those 
with normal or underweight BMI categories. 
This is a testimony to the seriousness of obesity 
prevention and management strategies in 
solving the problem of diabetes in cities such 
as Kolkata.

The distribution of diabetic, prediabetic, 
and nondiabetic participants in various BMI 
categories reveals the importance of the need 
for targeted preventive measures. Programs 
aimed at promoting a healthy lifestyle that 
includes regular physical activity and balanced 
nutrition are the key to preventing obesity and 
diabetes in these people. Besides, the early 
identification of people who are prone to 
diabetes through routine screening using BMI 
will provide the chance for timely intervention 
and management, potentially avoiding the 
long-term complications associated with the 
disease.

(37.8 ± 3.0 cm). Statistical analysis revealed 
a significant positive correlation (r = 0.52, 
p < 0.01) between neck circumference and 
prevalence of diabetes.

In addition, the association between 
obstructive sleep apnea (OSA) risk levels 
and prevalence of diabetes was analyzed. 
Participants were categorized into low risk, 
intermediate risk, and high risk for OSA. 
The analysis revealed that participants with 
high OSA risk levels had a higher prevalence 
of diabetes (16.10%, 95% CI: 10.82; 23.62) 
compared to those with low (9.66%, 95% CI: 
7.53; 12.11) and intermediate (18.88%, 95% 
CI: 14.58; 24.28) risk levels. A statistically 
significant correlation (r = 0.48, p < 0.01) 
was observed between OSA risk levels and 
prevalence of diabetes among studied 
participants.

Table  3 shows the correlation between 
BMI, neck circumference, and the prevalence 
of diabetes among studied participants. 
A statistically significant correlation was 
observed between body mass index and 
diabetes. The r value shows a significant 
correlation between body mass index and 
diabetes. Similarly, a significant correlation 
was found between neck circumference and 
the prevalence of diabetes.

Di s c u s s i o n

The findings of this cross-sectional study 
provide essential information on the existence 
of diabetes mellitus among adults in Kolkata, 
West Bengal, and their link with body 
mass index (BMI), neck circumference, and 
Obstructive Sleep Apnea (OSA) risk levels. 
The observed prevalence rates of diabetes in 
this population (12.98% in males and 13.01% 
in females) mirror the worldwide trend of the 
diabetes burden rising, especially in urban 
areas where lifestyles shift rapidly. These 

Table 3:  Correlation between body mass index, neck circumference, OSA risks and diabetes of participants (n = 1016)

BMI categories Diabetic n (%) Glycemic status p-value r-value

Prediabetic n (%) Nondiabetic
n (%)

Undernutrition 14 (10.61) 41 (10.91) 48 (9.45) 0.009 0.99
Normal 59 (44.69) 153 (40.69) 202 (39.76)
Overweight 56 (42.43) 160 (42.55) 227 (44.68)
Obese 3 (2.27) 22 (5.85) 31 (6.11)
Neck circumference (cm)

<38 60 (45.45) 173 (46.01) 435 (85.63) 0.0001 0.52
>38 72 (54.55) 203 (53.99) 73 (14.37)

OSA risk levels
Low 59 (43.39) 154 (40.96) 399 (78.57) 0.0003 0.48
Intermediate 54 (39.13) 141 (37.5) 91 (17.91)

High 19 (17.96) 81 (21.54) 18 (3.52)
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OSA risk levels among adults in Kolkata, West 
Bengal. The results highlight the urgent need 
for multifaceted public health approaches that 
include diabetes prevention and management 
in urban India, focusing on lifestyle modifications 
to deal with obesity-related risk factors. 
Appropriate interventions targeted at different 
age groups and BMI categories should be 
instrumental in reducing the diabetes burden 
and overall population health in this setting.

Further research is required to identify 
the additional risk factors for diabetes and 
also evaluate various integrated intervention 
programs for their effectiveness. Multifactorial 
interventions will be required for combating 
the rising prevalence of diabetes and 
improving public health in urban India.
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Ab s t r ac t
Purpose of study: Right bundle branch block (RBBB) is a common ECG finding. It may be caused by 
coronary artery disease, dilated cardiomyopathy, chronic obstructive lung disease, or degenerative 
disease of the conduction system of the heart. The purpose of the study was to find out the etiology 
and left ventricular function in patients with RBBB coming to a tertiary care hospital.
Materials and methods: All consecutive patients coming to our hospital on an outdoor or inpatient 
basis with ECG showing RBBB were studied. Detailed history and physical examination were done. 
All patients were subjected to echocardiography.
Results: 201 patients with RBBB were studied. Mean age was 61.01 ± 12.92 years. 157 were male 
(78.11%), and 44 (21.89%) were female. The most Common symptom was dyspnea in 81 patients 
(40.29%) and chest pain in 15 patients(7.46%). Four patients presented with syncope and were proved 
to have intermittent complete heart block. 95 persons (47.26%) with RBBB had no symptoms, 43 out of 
which had come for clearance for noncardiac surgery. On echocardiography, left ventricular hypertrophy 
was present in 32 patients (15.92%), regional wall motion abnormality in 45 patients (22.38%), and left 
ventricular global hypokinesia in 13 patients (6.46%). LV systolic dysfunction was present in 43 patients 
(21.39%), and 85 (42.28%) patients had a normal study.
Conclusion: The most common presentation in patients was dyspnea. About half of the patients 
were asymptomatic. Around 20% were detected to have RBBB when they came for clearance for 
noncardiac surgery. Common causes were coronary artery disease, dilated cardiomyopathy, and 
cor pulmonale.
Keywords: Echocardiography, Myocardial infarction, Right bundle branch block, Systolic 
dysfunction.
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characteristics of the patients. Mean age 
was 61.01 ± 12.92 years. 154 were male, 
and 47 were female. 61 were hypertensive, 
and 18 were diabetic. The most common 
symptom was dyspnea in 81 patients 
and chest pain in 15 patients. 4 patients 
presented with syncope and were proved 
to have intermittent complete heart block 
(CHB) and were implanted with a permanent 
pacemaker. 95 patients had no symptoms, 
out of which 43 had been referred to us for 
clearance for noncardiac surgery.

Table  2 shows the echocardiographic 
f indings in patients with RBBB.  Lef t 
ventricular hypertrophy was present in  
32 patients, regional wall motion abnormality 
(RWMA) in 45 patients, and left ventricular 
global hypokinesia in 13 patients. Rheumatic 
heart disease (RHD) was present in 3 patients 
and congenital heart disease in 3 patients. 

In t r o d u c t i o n

Right bundle branch block (RBBB) is an 
ECG diagnosis, and its true incidence in 

the population is difficult to find. It is caused 
by anatomical or functional conduction 
abnormality in the conduction through the 
RBB of the conduction system. So, conduction 
from the Bundle of His occurs through the 
left bundle branch (LBB) to the left ventricle 
(LV), and from there, the conduction occurs 
through the heart muscle to the right ventricle, 
thereby causing delayed activation of the right 
ventricle (RV). This results in abnormal and 
prolonged QRS duration. Criteria for diagnosis 
of RBBB are QRS duration more than 120 ms, 
a large R’ wave in V1 and V2, and a broad and 
deep S wave in V5 and V6. We studied the LV 
functions in patients with ECG evidence of 
RBBB coming to a tertiary care unit.

Mat e r i a l s a n d Me t h o d s

A total of 201 consecutive patients with 
ECG evidence of RBBB coming to our 
hospital on OPD or IPD basis were studied. 
The presenting symptoms were studied in 
detail. History of angina, dyspnea, wheeze, 
syncope, cyanosis, hypertension, diabetes, 

and chest infection was taken. Special 
attention was given to ECG evidence of 
acute or old myocardial infarction, right 
ventricular volume or pressure overload. 
All patients were subjected to detailed 
echocardiography, with special attention to 
wall motion abnormalities, rheumatic heart 
disease, congenital heart disease, pulmonary 
artery hypertension, and ejection fraction. 
Acute myocardial infarction was diagnosed 
when there was a history suggestive of 
ischemic chest pain, ST changes, with 
typical rise and fall in biomarkers. Old MI 
was diagnosed when there was chest pain 
suggestive of MI in the past, abnormal Q 
waves, and regional wall motion abnormality 
on echocardiography. If required, coronary 
angiography and angioplasty were done.

Statistical Analysis
Descriptive statistics were used to present 
categorical variables as frequency (percentage), 
and continuous variables were described as 
mean with standard deviation (SD).

Re s u lts

A total of 201 patients with RBBB were 
s tu di e d .  Tab l e   1  sh ows th e c l in i c a l 

Table 1:  Clinical characteristics of the patients

Total patients 201
Male 157 (78.11%)
Female 44 (21.89%)
Mean age (YEARS) 61.01±12.92
Hypertensive 61 (30.34%)
Diabetic 18 (8.95%)
CKD 2 (0.99%)
Hypothyroidism 1 (0.49%)
Symptoms

Dyspnea 81 (42.29%)
Chest pain 15 (7.46%)
Palpitation 6 (2.98%)
Syncope 4 (1.99%)
Asymptomatic 95 (47,26%)

Clearance for 
noncardiac surgery

43
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Blood supply to RBB comes mainly 
from left anterior descending artery. So 
RBBB may be seen in patients with anterior 
wall myocardial infarction. Due to same 
reason, 45 of our patients had evidence of 
old or acute myocardial infarction. Other 
causes of RBBB include DCM, myocarditis, 
valvular heart disease, cor pulmonale, 
pulmonary hypertension and congenital 
heart disease.1– 4 It can also be caused 
by fibrosis and degenerative disease of 
conduction system,3 progression of which 
can lead to complete heart block. Four of our 
patients presented with syncope and were 
found to have intermittent CHB as a cause 
of syncope. Hypertension is a risk factor for 
RBBB. Patients with RBBB are more likely 
to have hypertension than those without 
RBBB.5 Almost one third of our patients 
had evidence of hypertension. Transient 
RBBB may develop during right hear t 
catheterization due to irritation of RBBB 
by the catheter.5 RBBB resolves once the 
catheter is removed.6 Brugada syndrome 
should be suspected in a patient presenting 
with syncope and ECG suggestive of RBBB 
with ST segment elevation in lead V1, V2.7

Right bundle branch block in a healthy 
person does not cause any symptoms and 
is an incidental finding on ECG.1 95 of our 
patients were asymptomatic, out of which 
43 were detected when they came for 
clearance for noncardiac surgery. In others, 
symptoms are not due to RBBB but due 
to an underlying cardiac condition. When 
found in a healthy person, RBBB is a benign 
condition and does not affect the long-
term prognosis. However, in patients with 
underlying cardiac disease, the prognosis 
is mainly determined by the underlying 
condition. But RBBB does increase mortality 
in these conditions, especially in patients 
with C AD and DCM .1 However,  some 
patients, especially those with a prolonged 
PR interval on ECG, may progress to heart 
block.

About 21.93% of patients with RBBB had 
LV systolic dysfunction. In comparison, in our 
study with LBBB, 56.8% patients showed LV 
dysfunction,8 indicating that LBBB is a more 
serious condition compared to RBBB.

Table  4 shows the age distribution of 
RBBB. It can be seen that CAD was more 
common after 40 years of age, COPD and CHB 
after 60 years of age, and DCM can be seen 
in any age group.

Di s c u s s i o n

Isolated RBBB usually does not cause any 
symptoms, and hence its true incidence is 
not known. However, the prevalence of RBBB 
is estimated to be 1–3% in some studies.1,2 As 
the age goes on increasing, the incidence of 
RBBB goes on increasing.1 In persons above 
the age of 80 years, the prevalence of RBBB 
is around 11%.

8 patients had cor pulmonale. LV systolic 
dysfunction was present in 43 patients 
(21.39%), mild in 8 patients, moderate in 19 
patients, and severe in 16 patients. Out of 
43 patients with LV systolic dysfunction, 31 
had CAD, 11 had dilated cardiomyopathy 
(DCM), and one patient had chemotherapy-
induced LV dysfunction. 41 patients had 
diastolic dysfunction. 85(42.28%) patients 
had a normal study.

Table  3 shows the age distribution of 
RBBB patients. It can be seen that RBBB 
is uncommon in younger age. Out of 201 
patients, 165 (82.08%) were more than 50 
years of age, and 153 patients were between 
50 and 80 years of age.

Table 3:  Age distribution of RBBB patients

Age (in years) Total cases Male Female

18–39 11 8 3
40–49 25 17 8
50–59 43 36 7
60–69 68 55 13
70–79 42 30 12

>80 12 11 1

Table 4:  Distribution of etiologies according to age group in patients with RBBB

Etiology 18–39 40–49 50–59 60–69 70–79 >80

CAD 02 08 11 16 09 03
DCM 03 03 02 04 02 00
RHD 00 03 00 00 00 00
CHD 01 01 01 00 00 00
CHB 00 00 02 01 00 01

COPD 00 00 00 04 03 01

Table 2:  Echocardiographic findings in patients with RBBB

Total patients 201
Left ventricular hypertrophy 32 (15.9%)
Diastolic dysfunction 41 (20.39%)
Regional wall motion abnormality 45 (22.38%)
Global hypokinesia of LV 13 (6.47%)
Rheumatic heart disease 3 (1.49%)
Mitral stenosis 2
Mitral regurgitation with PAH 1
Congenital heart disease 3 (1.49%)
ASD 2
AV canal defect 1
Precapillary PAH 8 (3.98%)
LV systolic dysfunction 43 (21.39%)
Mild 8
Moderate 19
Severe 16
CAD 31
DCM 11

Chemotherapy-induced 1
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Though most of the patients with ECG 
do not have structural heart disease, they 
still require evaluation, mainly focusing on 
cardiac and lung diseases. X-ray of the chest 
and echocardiogram are the initial tools of 
investigation. Patients presenting with syncope 
with RBBB may require Holter recording and 
elctrophysiological studies in some cases.
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Ab s t r ac t
Background: Metabolic syndrome (MetS) increases cardiovascular disease risk due to accelerated 
atherosclerosis. Carotid intima-media thickness (CIMT) is an effective, noninvasive screening tool 
for atherosclerosis. Hence, we sought to measure the CIMT of male patients with type 2 diabetes 
and MetS and attempted to correlate the CIMT values between patients with and without evidence 
of ischemic heart disease.
Materials and methods: This was a cross-sectional study conducted on diabetic patients who 
met the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) criteria 
for MetS (specified for the Indian population), aged 45–60 years. Each participant completed the 
Rose questionnaire and was grouped as either symptomatic or asymptomatic. Further, all patients 
were subjected to biochemical tests, electrocardiography (ECG), CIMT, echocardiography (ECHO), 
and ankle-brachial pressure index (ABPI). Those who showed no evidence of ischemia on ECG 
and ECHO were subjected to exercise stress testing (treadmill test). Abnormal ECG, ECHO, and 
treadmill test results indicating ischemic heart disease were used to group patients into ischemic 
and nonischemic groups.
Results: A total of 128 patients who met the inclusion criteria were recruited. The values of CIMT 
ranged from 0.62 to 0.76 mm. The CIMT values between the ischemic and nonischemic groups were 
found to be similar. However, CIMT values were consistently higher in patients with MetS compared 
to the general population CIMT values based on prior studies in India across all age-groups. The 
Rose questionnaire served as a good screening tool, with a negative predictive value of 86% for 
the detection of ischemia in asymptomatic patients. Among the other parameters, the critical value 
of ABPI was found to be higher in the ischemic group [1.1 (1–1.12) vs 1 (0.85–1.075), p = 0.004].
Conclusion: While CIMT was not a reliable indicator of ischemic heart disease in patients with 
MetS, its consistently elevated values compared to those of the general population suggest that 
it could serve as a valuable marker of atherosclerosis. The ankle-brachial pressure index (ABPI) has 
consistently proven to be a reliable and repeatable indicator of ischemia. Due to the high incidence 
of silent ischemia in this study group (12.9%), further research on early markers of ischemia and 
atherosclerosis is warranted.
Keywords: Atherosclerosis, Cardiology, Carotid intimal media thickness, Metabolic syndrome, 
Treadmill test.
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such as patients with diabetes.7 Hence, in 
this study, we sought to measure the CIMT of 
male patients with type 2 diabetes and MetS 
and study its relationship with ischemia by 
comparing CIMT between patients with and 
without ischemia.

Mat e r i a l s a n d Me t h o d s

Study Design
We conducted a cross-sectional study in which 
132 patients were screened for eligibility, and 
128 were recruited from the general medicine 
department of a tertiary care hospital. The 
study duration was 2.5 years.

The inclusion and exclusion criteria are 
given in Table 1.

Study Procedure
After enrollment based on the screening 
criteria, all consenting participants were 
administered the Rose questionnaire in 
their language of preference and were 
divided into those with and without angina. 
All participants were also subjected to 
biochemical tests, electrocardiography 
(ECG), CIMT, echocardiography (ECHO), 
and ABPI. Biochemical investigations were 
collected from each participant following 
a minimum of 8 hours of overnight fasting. 
Triglycerides and high-density lipoprotein 
(HDL) were measured. Glycated hemoglobin 
(HbA1c) and urine protein-creatinine ratio 
(PCR) were performed routinely as part of 
their outpatient department (OPD) diabetic 
workup. ECG was performed and analyzed for 
ischemic changes using the Minnesota Code 
and manual reading. Two-dimensional (2D) 

In t r o d u c t i o n

Metabolic syndrome (MetS) is a complex 
of multiple atherosclerotic risk factors. 

The worldwide prevalence is estimated to 
be 30–35% among adults.1 Over the years, 
insulin resistance and obesity have been 
repeatedly emphasized as the prerequisites 
of MetS. A chronic hyperglycemic milieu 
develops owing to insulin resistance, and 
diabetic vasculopathy develops. It can 
present with cardiovascular disease (CVD) 
due to advanced glycation end products, 
oxidative stress, and chronic low-grade 
inflammation.2 Obesity adds to this by the 
deposition of cholesterol esters in vessel walls 
and endothelial dysfunction.3

The hazard ratio of cardiovascular risk 
is 1.2–1.6 in patients with diabetes and 

nearly 1.9–2.2 in patients with uncontrolled 
hypertension,4,5 combined, projecting much 
higher numbers for cardiovascular mortality 
and morbidity attributed to MetS. Hence, 
the topic of early detection of MetS and, 
consequently, ischemic heart disease (IHD) 
has garnered a lot of interest in recent years.

Carotid intima-media thickness (CIMT) 
has been a noninvasive screening tool for 
atherosclerosis for decades. Multiple studies 
have shown a significant correlation between 
CIMT values and the risk of CVD. The relative 
risk of CVD increases by 15% for every 0.1 mm 
increase in CIMT.6 This raises the hypothesis 
that increasing atherosclerotic risk factors 
will increase the CIMT and may help predict 
ischemia. Ischemia can be predicted by 
stress treadmill testing, which has a positive 
predictive value of >85% in high-risk groups, 
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early diabetes comprised the majority of 
the participants. Among the 95 participants 
who had hypertension, 47.6% had been 
diagnosed <5 years earlier. Eighty percent of 
the study population had dyslipidemia, with 
triglycerides (TG) having a median value of 
151.5 mg/dL and high-density lipoprotein 
(HDL) having a mean value of 39.42 mg/dL. 
The median ABPI was found to be 1.05. The 
baseline characteristics of all recruited 
patients are given in Table 2.

O n  c o m p a r i s o n  o f  t h e  b a s e l i n e 
characteristics between the two groups, four 
parameters showed statistically significant 
dif ferences. Waist circumference and 
triglyceride levels were lower in the ischemic 
group, whereas the HbA1c and ABPI were 
higher in the ischemic group. Confounding 
factors for atherosclerotic ischemia, such as 
anemia and smoking, were also compared 
between the two groups, and there was 
no statistically significant difference. The 
proportion of silent ischemia was 12.9%. 
Plaques were present in 7.8% of the patients. 
A comparison of all characteristics studied 
between the ischemic and nonischemic 
groups is given in Table 3.

The higher values were consistently 
observed for the left CIMT, for both the 
maximum and average values, ranging from 
0.62 to 0.76 mm. The median of the entire 
data set was 0.70 mm (0.60–0.825). There 
was a steady increase in the CIMT values as 
the number of criteria for MetS increased, 
but it was not statistically significant. Average 
CIMT values were higher than the general 
population values, 0.632 ± 0.156 mm vs 0.582 ± 
0.08 mm, as reported in the SCORE-India trial.9

Statistical Analysis
For sample size calculation, the software 
OpenEpi version 2.0 was used. The normality 
of the data was assessed using the Shapiro–
Wilk test. The continuous data were expressed 
as the mean with standard deviation or the 
median with interquartile range, based on 
the distribution. Intergroup comparisons 
were performed using Student’s t-test or the 
Kruskal–Wallis test, based on the number 
of groups. The categorical variables were 
assessed using the Chi-squared test. A  
p-value of <0.05 was considered statistically 
significant. All statistical analyses were 
performed using Statistical Package for the 
Social Sciences (SPSS), IBM SPSS version 28.

Figure 1 shows the key for the terms 
used in the recruitment flow diagram. This 
is followed by the recruitment flow diagram 
(Fig. 2).

Ob s e r vat i o n s a n d Re s u lts

This study included 128 patients. The 
median age of the study population was 
53.5 years, with an average duration of 
diabetes of 6 years and a median glycated 
hemoglobin (HbA1c) level of 8.7. Though 
the age bracket was 45–60 years, nearly half 
of the population was aged 54 years and 
above. Thirty-five percent of the patients 
had diabetes for <5 years, and 33.5% had 
diabetes for 5–10 years; hence, patients with 

ECHO with color flow was performed to look 
for any regional wall motion abnormalities 
or thinning of wall segments suggestive 
of ischemia. ABPI was measured using a 
handheld Doppler.

Those who showed no evidence of 
ischemia on ECG and ECHO were subjected 
to exercise stress testing (treadmill test). 
During the stress test, patients were made 
to run for up to 9 minutes to the third stage 
of the standard Bruce protocol. Peak exercise 
on the treadmill test (TMT) was defined as 
the point at which the subject attained the 
predetermined heart rate (220—age in years) 
or exhaustion, whichever occurred earlier. 
TMT was considered inconclusive if the patient 
was unable to complete the second stage 
of TMT, was unable to achieve the target 
heart rate, or failed to achieve the minimum 
metabolic equivalents (METs). A positive TMT 
was defined as ≥2 mm rapidly upsloping or  
≥1 mm horizontal ST depression in concordant 
leads that persisted beyond stage III of the 
Bruce protocol. Based on the TMT results, 
patients were reclassified into ischemic and 
nonischemic groups.

The CIMT values were measured for all 
recruited patients. CIMT was measured in the 
distal 1 cm during diastole by ECG gating on 
the GE Color Doppler Vivid P3 system. The 
maximum and minimum values generated 
by the machine were noted on both sides and 
compared between the two groups.

Table 1:  Recruitment criteria

Inclusion criteria Exclusion criteria

Males aged 45–60 years with type 2 diabetics 
with the presence of any 2 of the following four 
conditions:
Increased waist circumference (males ≥90 cm 
and for females ≥80 cm)
Hypertriglyceridemia ≥150 mg/dL
Low HDL (male ≤40 mg/dL and for females ≤50 
mg/dL)
Elevated blood pressure (systolic blood 
pressure ≥130 mm hg and/or diastolic blood 
pressure ≥85 mm hg or Rx for hypertension)

Chronic kidney disease
Connective tissue disorders
Diagnosed cases of human immunodeficiency 
virus infection
Intensive long-term statin therapy (≥20 mg/
day Atorvastatin or 5 mg/day Rosuvastatin 
consistently for 1 year)8

Prior diagnosis of acute coronary syndrome 
(unstable angina/ non-ST elevation myocardial 
infarction/ST elevation myocardial infarction)

Fig. 1: Key to the flow diagram

Table 2:  Baseline characteristics (all data sets are 
nonnormal in distribution except HDL and Hb)

Parameter Mean ± SD/median 
(IQR)

Age (in years) 53.5 (47–57)
Duration of diabetes 
(in years)

6 (4–10)

Duration of 
hypertension (in 
years) (95)

3 (1–6)

Waist circumference 
(in cm)

98 (90–102)

TG (mg/dL) (115) 151.5 (115–247)
HDL (mg/dL) (116) 39.42 (±10.39)
HbA1C (%) (98) 8.7 (7.4–10.3)
Urine PCR (81) 0.20 (0.14–0.55)
ABPI 1.05 (0.98–1.12)

Hb (mg/ dL) (83) 12.59 ± 2.385

Hb, hemoglobin; HbA1c, glycated hemoglobin; 
HDL, high-density lipoprotein; PCR, protein creati-
nine ratio; TAG, triacylglycerol
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of ischemia, with a cutoff value of 0.9, where 
the ABPI curve demonstrates a high sensitivity 
of 90.6% for predicting ischemia.

Di s c u s s i o n

Our study consisted of men aged 45–60 years 
with MetS, with ECG, ECHO, and treadmill 
test (TMT) as the predictors of ischemia. 
TMT has lower overall test accuracy for the 
identification of coronary artery disease and a 

evidence of ischemia was 65%, with a good 
negative predictive value of 86%. Additionally, 
the ABPI value differed significantly between 
the ischemic and nonischemic groups, with 
a good sensitivity of 90.65% for predicting 
ischemic heart disease at an absolute cutoff 
value of 0.9.

Figure 3 shows the receiver operating 
characteristic (ROC) curve for the CIMT cutoff 
value of 0.75 mm on the right side. Figure 4 
shows the ROC curve for ABPI as an indicator 

The sensitivity and specificity ranged 
between 45 and 55%, and the positive 
predictive value (PPV) was 25% for CIMT in 
predicting any evidence of ischemia. Given 
the rising burden of MetS and ischemic heart 
disease, these cutoff values may serve as 
credible screening tools; however, there was 
no statistically significant difference in CIMT 
values between the ischemic and nonischemic 
groups. Based on our data, the sensitivity of 
the Rose questionnaire as a screening tool for 

Fig. 2: Recruitment flow diagram

Table 3:  Comparison of the baseline characteristics between the ischemic and nonischemic groups

Parameters Nonischemic group Ischemic-group p-value

Age (in years) 53 (45–57) 53.5 (47.5–57) 0.3910
Duration of diabetes (in years) 6 (3–10) 6.5 (4–15) 0.372
Duration of hypertension (in years) (95) 1 (0–4) 1 (0–5.5) 0.87
Waist circumference (in cm) 99 (92–105) 92 (88.5–98) 0.005
TG (mg/dL) (74) 164 (119–274) 120 (95.5–158.5) 0.0158
HDL (mg/dL) (83) 40.34 ± 9.84 39.4 ± 11.88 0.64
HbA1C (%) (98) 8.3 (7.3–9.6) 10.1 (7.7–11.3) 0.044
Urine PCR (59) 0.2 (0.14–0.41) 0.14 (0.085–0.28) 0.13
ABPI 1.1 (1–1.12) 1 (0.85–1.075) 0.004
CIMT right average (mm) 0.62 (0.53–0.75) 0.61 (0.54–0.715) 0.742
CIMT right maximum (mm) 0.72 (0.6–0.87) 0.75 (0.62–0.8) 0.660
CIMT left average (mm) 0.66 (0.55–0.75) 0.655 (0.5–0.715) 0.423
CIMT left maximum (mm) 0.72 (0.64–0.88) 0 .735 (0.65–0.84) 0.255
Ex/smokers (%) 22.2 20.0 1.00

Hb (63) 12.51 ± 2.53 13.12 ± 0.911 0.216
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0.62 to 0.76 mm. The CIMT values generated in 
various Indian studies for patients with MetS 
are given in Table 4.

The Seattle Heart Watch study stated that 
TMT in asymptomatic individuals was not 
predictive of combined adverse cardiovascular 
events; however, in patients with one or 
more risk factors and two or more abnormal 
features on exercise testing, there was a 
nearly 30-fold increase in CVD risk.19 Given 
that our study included men with diabetes 
aged 45 years and above, with at least two 
additional atherosclerotic comorbidities, all 
asymptomatic individuals with a positive TMT, 
as indicated by ischemic ST depressions at 
moderate metabolic equivalents (METs), had 
an increased risk of CVD and were initiated 
on lipid-lowering therapy. Table  5 shows a 
comparison of CIMT values in our study with 
those of the general population.

Our study had a few limitations. The major 
limitation of the study was the inability to 
classify the inconclusive TMT patients into 
ischemic and nonischemic groups. Further 
structured workup in the form of contrast 
computed tomography (CT) angiography or 
stress perfusion imaging could have been 
helpful. Also, a large number of patients were 
lost to follow-up owing to logistical reasons.

Co n c lu s i o n

CIMT is a noninvasive,  cost- ef fec tive 
screening tool for atherosclerosis, as our 
study consistently showed higher values in 
patients with MetS compared to the general 
population. However, it had a poor predictive 
value for ischemia (as evidenced by Q waves 
or ST-T changes on ECG, regional wall motion 
abnormalities on ECHO, or a positive TMT) 
in high-risk individuals, and there was no 
statistically significant difference between 
those with and without evidence of ischemia. 
ABPI showed a sensitivity of 90.65% for the 
screening of ischemia in this group. Further 
studies are needed to validate its utility and 
to identify earlier screening tools for ischemia.

Or c i d
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triglyceride levels between the ischemic and 
nonischemic groups, with lower values in the 
ischemic group. This can be explained by the 
obesity paradox, given that CVD rates have 
been consistently demonstrated to be higher 
in normal-weight patients with diabetes 
compared to obese patients with diabetes.13 
In fact, the PROactive study demonstrated 
that for every 1% body weight loss, the hazard 
ratio for CVD was 1.13.14

Carotid intima-media thickness values 
between the two groups, though not 
statistically higher, showed a PPV of 25% at a 
cutoff value of 0.75 mm for the detection of 
ischemia. Considering the high morbidity and 
mortality of the disease and the rising burden, 
this predictive value of CIMT may streamline 
the screening process for CVD and help in the 
early identification of a significant population. 
Our median CIMT values ranged from  

poor positive predictive value (PPV) in women; 
hence, women were excluded.10,11

Among the various parameters assessed, 
four were found to be statistically significant 
between the ischemic and nonischemic 
groups. The glycated hemoglobin (HbA1c) 
levels were signif icantly higher in the 
ischemic group. The National Health and 
Nutrition Examination Survey (NHANES) 
study demonstrated that, among persons 
with known diabetes, the cardiovascular 
disease (CVD) risk increased progressively 
in concordance with HbA1c values.11 The 
ABPI was statistically significant (p < 0.004) 
between the ischemic and nonischemic 
groups. This mirrors worldwide data, which 
state that a critical ABPI value doubles the 
10-year cardiovascular mortality.12 One 
peculiar finding was a statistically significant 
difference in the waist circumference and 

Fig. 3: Receiver operating characteristic (ROC) 
curve for CIMT cutoff of 0.75 mm at the right 
maximum values

Fig. 4: Receiver operating characteristic (ROC) 
curve for ABPI as an indicator of ischemia, with a 
cutoff of 0.9 (sensitivity, 90.65%; specificity, 35%)

Table 4:  Indian studies with CIMT values in MetS or diabetic patients

Study Study population CIMT values (mm)

PRISM study15 338 diabetic males and females, 
evaluated for silent ischemia

0.7133 ± 0.022 in TMT positive 
vs 0.6624 ± 0.029 0.001 in TMT 
negative

Sethia et al.16 200 males and females, case control 
between MetS and non-MetS

MetS 0.81 ± 0.23
non-MetS 0.66 ± 0.13
(p < 0.005)

Jose et al.17 116 males and females in  
45–60 years

MetS 0.699 ± 0.108 vs non-MetS 
0.586 ± 0.083 (p < 0.001)

Abhishek et al.18 100 males and females patients 
with MetS

0.90 (0.50–1.30)

Current study 128 male diabetics with MetS MetS with ischemia (0.72) vs MetS 
without ischemia (0.735)
(p = 0.225)

Table 5:  Comparison of CIMT values in our study with the general population

Age (in years) MetS patients General population
(SCORE study)9

40–49 (45) Average
0.632 ± 0.156

Maximum
0.752 ± 0.203

0.582 ± 0.08

50–59 (83) 0.696 ± 0.192 0.808 ± 0.211 0.646 ±.14
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ORIGINAL ARTICLE

Ab s t r ac t
Aim and objective: The diagnostic accuracy of three serum-derived markers—aspartate 
aminotransferase-to-platelet ratio index (APRI), Fibrosis-4 (FIB-4), and the aspartate 
aminotransferase-to-alanine aminotransferase (AST/ALT) ratio—was investigated as noninvasive 
alternatives in this study for assessing liver fibrosis severity and correlating these scores with 
FibroScan-derived liver stiffness measurements in patients with chronic liver disease (CLD).
Materials and methods: We enrolled 100 adult patients with a confirmed diagnosis of CLD for this 
cross-sectional analysis at GMC Kota. Consenting patients received clinical evaluations, ultrasound, 
and biochemical screenings [complete blood count (CBC), liver function tests (LFTs), glucose, and 
viral serology]. We staged liver stiffness (F0–F4) via FibroScan and computed indirect indices, 
including FIB-4, APRI, and AST/ALT, using validated equations.
Results: The average participant age was 47 years, with males comprising 67% of the study 
population. FibroScan showed that 73% of patients had F4 fibrosis, followed by F3 (10%), F2 
(12%), and F0–F1 (5%). Etiologies included alcohol-related liver disease (34%), hepatitis B (15%), 
hepatitis C (4%), autoimmune hepatitis (2%), and diabetes-associated nonalcoholic fatty liver 
disease (NAFLD) (38%). Significant positive correlations were found between liver stiffness and 
the AST/ALT ratio (r = 0.658), APRI (r = 0.639), and FIB-4 (r = 0.444), all with p < 0.0001. Diagnostic 
thresholds revealed that lower cutoff values (e.g., APRI > 0.5, FIB-4 ≥ 1) had high sensitivity, whereas 
higher cutoff values (e.g., AST/ALT > 1, APRI ≥ 1, FIB-4 ≥ 3.24) achieved excellent specificity. A 
stepwise diagnostic approach using these thresholds improved detection accuracy and reduced 
reliance on liver biopsy.
Significance: The study validates simple, cost-effective biomarkers as reliable tools for fibrosis 
detection. Their integration into clinical practice may enhance early diagnosis, optimize resource 
use, and improve outcomes in patients with CLD, especially in low-resource settings.
Keywords: Aspartate aminotransferase-to-platelet ratio index, Fibrosis-4 score, Liver fibrosis, 
Transient elastography (FibroScan).
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Decompensated liver disease with severe 
complications (e.g., hepatic encephalopathy, 
variceal bleeding).

Previous liver transplantation or current 
listing for transplantation.

Significant comorbidities or medical 
conditions that may interfere with the study 
or treatment outcomes.

Pregnancy or breastfeeding.
A total of 100 adult subjects with CLD 

were included, with diagnosis supported by 
imaging [ultrasonography (USG) or FibroScan] 
or liver biopsy findings.

Participants were enrolled from inpatient 
and outpatient settings after informed 
consent. Clinical evaluation and investigations, 
including complete blood count (CBC), 
liver function tests (LFTs), viral markers 
[hepatitis B virus (HBV), hepatitis C virus 
(HCV)], glucose, and USG, were conducted. 
Liver stiffness was measured using FibroScan 
with patients in a supine position and 
categorized into fibrosis stages F0–F4 based 
on kPa values. Blood samples were analyzed 
for aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), bilirubin, albumin, 
platelets, and glucose. Indirect markers of 
hepatic fibrosis, including the aspartate 
aminotransferase-to-platelet ratio index 
(APRI), AST/ALT ratio, and Fibrosis-4 (FIB-4) 
index, were computed using established 
clinical formulas.

Re s u lts

Our study group had an average age of  
47 years, with a male predominance of 
67%, while females comprised 33% of the 
cohort. A total of 100 patients underwent 
liver stiffness measurement using FibroScan, 
which revealed advanced fibrosis (F4) in 73% 

In t r o d u c t i o n

Liver f ibrosis is a major pathological 
consequence of sustained liver injury, 

marked by excessive extracellular matrix 
(ECM) deposition and progressive architectural 
distortion of hepatic tissue. The natural 
history of untreated fibrosis involves a high 
risk of progression toward cirrhosis and its 
complications, including hepatocellular 
carcinoma (HCC) and end-stage liver failure. 
The global landscape of chronic liver disease 
(CLD) is heavily impacted by the burden in India; 
as of 2015, nearly one-fifth (18.3%) of all liver-
related fatalities occurred within the country.1 
In 2016, CLDs and cirrhosis were responsible for 
2.1% of total deaths in India,2 with nonalcoholic 
fatty liver disease (NAFLD) affecting 8–20% of 
urban populations. Early identification and 
staging of liver fibrosis are essential to prevent 
complications and reduce the burden of liver 
transplantation. Limitations surrounding 
liver biopsy, primarily its invasive nature and 
potential complications, have necessitated the 
shift toward developing reliable, noninvasive 

assessment tools. This study aims to assess the 
diagnostic utility of indirect fibrosis markers 
and their correlation with FibroScan-derived 
liver stiffness measurements to promote safer, 
cost-effective fibrosis evaluation.

Mat e r i a l s a n d Me t h o d s

This cross-sectional study was conducted 
at the Government Medical College and 
Associated Group of Hospitals, Kota, from 
ethical approval until December 2024.

Inclusion Criteria
We enrolled patients with established CLD 
[viral, alcoholic, autoimmune, or nonalcoholic 
fatty liver disease (NAFLD)] in whom fibrosis 
or cirrhosis was previously documented via 
imaging [ultrasonography (USG)/FibroScan] 
or biopsy.

Age >18 years.

Exclusion Criteria
Acute liver diseases or acute liver failure.
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0.643, respectively, which closely parallel the 
trends observed in our clinical data.

A study of 1,716 patients by Yen et  al.8 
showed a similar correlation of APRI and 
FIB-4 with fibrosis as our study. Chronic 
hepatocellular injury, especially due to alcohol 
or ongoing fibrosis, causes mitochondrial 
damage and vitamin B6 (pyridoxal phosphate) 
deficiency, leading to a disproportionately 
higher release of AST, which selectively 
reduces ALT activity. The development of 
thrombocytopenia in patients with advanced 
hepatic fibrosis is multifactorial. It typically 
involves impaired thrombopoietin synthesis 
by the liver, direct bone marrow suppression, 
and the entrapment of platelets within the 
spleen, a consequence of portal hypertension-
induced splenomegaly. The FIB-4 index 
effectively reflects fibrosis severity because 
it integrates key biomarkers of hepatocellular 
damage, fibrotic progression, and portal 
hypertension.

Co n c lu s i o n

Our analysis of 100 patients with CLD 
demonstrated that simple serum scores 
correlate well with fibrosis severity. The 
AST/ALT ratio showed the strongest linear 
association with FibroScan, followed by APRI 
and FIB-4. Lower cutoff values improved 
sensitivit y for screening but reduced 
specificity, highlighting the importance 
of context-based threshold selection. A 
stepwise approach, starting with sensitive 
thresholds and confirming with specific 
ones, can reduce the need for biopsy, 
especially in resource-limited settings. 
Traditional clinical indicators, such as 
male sex, older age, elevated AST, and 
thrombocytopenia, also aligned with higher 
fibrosis stages. Despite their utility, these 
scores were less accurate at intermediate 
stages, reinforcing the role of elastography 
or biopsy in indeterminate cases .  As 
affordable diagnostic adjuncts, the APRI, 
AST/ALT, and FIB-4 scores remain highly 
effective for the routine assessment and 
progression tracking of liver fibrosis.
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increases after menopause, as the loss of 
estrogen’s antifibrotic role contributes to 
accelerated progression. This underscores the 
significance of gender-specific surveillance 
in liver disease management. In our study 
and all referenced studies, males consistently 
outnumbered females in terms of both 
disease prevalence and fibrosis severity.

Our results confirm that noninvasive 
markers, specifically the Fibrosis-4 (FIB-4), 
APRI, and AST/ALT ratio, closely track with 
liver stiffness measurements. A comparable 
relationship was documented by Fallatah 
et  al.,5 emphasizing the reliability of these 
markers across different clinical cohorts.  
A positive statistical association was observed 
between participant age and the degree of 
fibrosis; conversely, hepatic stiffness values 
showed a significant decline as platelet 
counts increased. The diagnostic performance 
of these markers is further supported by 
Alhankawi et  al.,7 who reported significant 
correlations with FibroScan results for the 
FIB-4 (r = 0.472), APRI (r = 0.418), and AST/ALT 
ratio (r = 0.219). Using a 7.5 kPa threshold for 
significant fibrosis, their study yielded area 
under the receiver operating characteristic 
curve (AUROC) values of 0.705, 0.644, and 

of patients, F3 fibrosis in 10%, F2 fibrosis in 
12%, and minimal-to-mild fibrosis (F0–F1) in 
5% (Table 1). The etiology of CLD varied, with 
34% having alcohol-related liver disease, 15% 
being hepatitis B virus (HBV)-positive, 4% being 
hepatitis C virus (HCV)-positive, 2% showing 
an autoimmune association, and 38% having 
diabetes-associated nonalcoholic fatty liver 
disease (NAFLD). All three noninvasive indices 
[APRI, Fibrosis-4 (FIB-4), and the aspartate 
aminotransferase-to-alanine aminotransferase 
(AST/ALT) ratio] demonstrated a strong positive 
correlation with the stage of fibrosis, yielding 
highly significant results with p < 0.0001 
(Table  2). Additionally, various cutoff values 
were assessed for each scoring system, and 
their respective sensitivity and specificity 
were calculated to evaluate diagnostic 
performance (Table 3). A stepwise diagnostic 
algorithm using these thresholds was applied 
to enhance diagnostic accuracy and refine 
the identification of patients with advanced 
fibrosis (Fig. 1).

Di s c u s s i o n

Our study population spanned an age range 
of 18–78 years, with a calculated mean of  
52.3 ± 12.7 years. A robust correlation emerged 
between age and fibrosis degree, identifying 
patient age as a key determinant in the 
longitudinal progression of CLD within our 
cohort. Our study was supported by the global 
meta-analysis by Singh et  al.3 The overall 
cohort demonstrated a mean age of 55 ±  
13 years, which is statistically comparable 
to the 52.3-year average found in our 
participants. A similar age was reported in 
studies by Trifan et  al.4 and Fallatah et  al.5 
Similar results of male predominance were 
reported by Singh et al.,3 Sherazi et al.,6 and 
Alhankawi et al.7 However, the risk for females 

Table 1:  Distribution of patients according to 
liver fibrosis stage

Fibrosis grade Count Percentage

F0-F1 (none to 
mild)

5 5.00%

F2 (moderate) 12 12.00%
F3 (severe) 10 10.00%

F4 (cirrhosis) 73 73.00%

Table 2:   Correlat ion of  serum f ibrosis 
biomarkers with FibroScan-derived liver stiffness 
measurements

Scores Pearson 
coefficient

Pearson 
p-value

AST/ALT 0.658 <0.0001
FIB4 0.444 <0.0001

APRI 0.639 <0.0001

Table 3:  Diagnostic performance of AST/ALT 
ratio, APRI, and FIB-4 at different cutoff values

Index Sensitivity Specificity

AST/ALT >0.5 0.989 0
>1 0.736 1

FIB4 >1 0.989 0.889
>3.24 0.44 1

APRI 0.5 0.956 0

1 0.802 0.889

 

Fig. 1:  Stepwise diagnostic algorithm for 
noninvasive assessment of liver fibrosis using 
AST/ALT ratio, APRI, and FIB-4
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ORIGINAL ARTICLE

Ab s t r ac t
Background: Diabetic foot ulcers (DFUs) are a major complication of diabetes and are frequently 
associated with infection, antimicrobial resistance, and limb amputation. Regional Indian data 
on microbiological patterns and antimicrobial resistance remain limited.
Methods: This retrospective observational study evaluated 40 patients with DFUs presenting 
to a tertiary care hospital over a 12-month period. Clinical and laboratory parameters, including 
glycated hemoglobin (HbA1c), C-reactive protein (CRP), total leukocyte count (TLC), and serum 
albumin, were analyzed. Ulcer severity was graded using the Wagner classification, and wound 
cultures with antibiotic susceptibility testing were performed.
Results: Most patients were male (70%) and aged 40–60 years. Mean HbA1c was significantly 
higher in male than in female patients (13.99 ± 1.40 vs 10.45 ± 1.41; p < 0.05). Monomicrobial 
infections predominated, with Gram-negative organisms accounting for 70.3% of isolates, followed 
by Gram-positive bacteria (22.2%) and fungi (7.4%). Polymicrobial infections occurred in 12.5% 
of cases. Gram-negative isolates showed universal sensitivity to colistin, whereas Acinetobacter 
spp. demonstrated high resistance to other antibiotics. Higher Wagner grades were significantly 
associated with elevated HbA1c and CRP levels. All amputations occurred in male patients with 
polymicrobial infections.
Conclusion: Gram-negative pathogens predominated in DFUs in this setting, contrasting with the 
Gram-positive predominance reported in Western literature. Poor glycemic control and elevated 
inflammatory markers were associated with increasing ulcer severity and amputation risk.
Keywords: Amputation; Diabetes mellitus complications, Diabetic foot, Diabetic foot infections, 
Foot ulcer, Glycated hemoglobin.

Journal of The Association of Physicians of India (2026): 10.59556/japi.74.1675

1Senior Registrar, Department of Emergency 
Medicine, Sanjay Gandhi Postgraduate 
Institute of Medical Sciences, Lucknow, Uttar 
Pradesh; 2Professor, Department of General 
Medicine, IMS and SUM Hospital, Bhubaneswar, 
Odisha; 3Assistant Professor, Department of 
Anesthesiology, MLN Medical College, Prayagraj; 
4Professor and Head, Department of Emergency 
Medicine, Sanjay Gandhi Postgraduate Institute 
of Medical Sciences, Lucknow, Uttar Pradesh, 
India; *Corresponding Author
How to cite this article: Jafri AD, Dhar SK, 
Singh M, et al. A Retrospective Study of 
Clinical, Microbiological, and Ulcer Severity 
Patterns of Diabetic Foot Presenting to a 
Tertiary Care Hospital. J Assoc Physicians 
India 2026;74(8):52–56.

A Retrospective Study of Clinical, Microbiological, and Ulcer 
Severity Patterns of Diabetic Foot Presenting to a Tertiary Care 
Hospital
Asif Dabeer Jafri1* , Srikant Kumar Dhar2 , Muktesh Singh3 , Ratender Kumar Singh4

Received: 25 May 2026; Accepted: 17 July 2026

dysfunction, osteomyelitis, gangrene, and 
elevated leukocyte count, have also been 
identified as predictors of amputation in 
patients with diabetic foot ulcers.9,10

Despite the substantial burden of DFIs 
in India, region-specific data integrating 
microbiological spectrum, antimicrobial 
susceptibility patterns, ulcer severity, and 
biochemical markers remain limited. Therefore, 
the present study was undertaken to evaluate 
the microbiological profile and antimicrobial 
resistance patterns of diabetic foot infections 
and to assess their association with glycemic 
status, inflammatory markers, ulcer severity, 
and clinical outcomes, including amputation.

Mat e r i a l s a n d Me t h o d s

Study Design and Ethical 
Considerations
This retrospective observational study was 
conducted in the Department of General 
Medicine at SUM Hospital, Bhubaneswar, 
India, over a 12-month period from 1 January 
2025 to 1 January 2026. A total of 40 patients 
with diabetic foot ulcers were included in 
the analysis. Ethical approval for the study 
was obtained from the Institutional Ethics 
Committee-Clinical Research and Studies 
(IEC No. ECR/1604/Inst/OD/2021/03/01/2026). 
Owing to the retrospective nature of the 
study and the use of anonymized clinical data, 
the requirement for informed consent was 
waived by the Ethics Committee.

In t r o d u c t i o n

Diabetic foot ulcers (DFUs) are among the 
most common long-term complications of 

poorly controlled diabetes and are frequently 
associated with inadequate glycemic control, 
peripheral vascular disease, neuropathy, poor 
foot care, and trauma. In diabetic people, the 
lifetime chance of getting a DFU is estimated 
to be 12 to 25%.1,2 Diabetes mellitus (DM) is 
now the most common cause of nontraumatic 
amputations in the world, and approximately 
1% require amputation. Patients with DFU 
are approximately two to three times more 
likely to die than patients who do not 
have DFU.3,4 Therapy targeting recognized 
causal organisms can considerably improve 
outcomes and reduce infection-related 
morbidities.

The microbiological profile of Diabetic 
foot infections (DFIs) varies considerably 
across geographical regions. Studies 
from Western countries commonly report 
Gram-positive organisms, particularly 
Staphylococcus aureus and Streptococci, as 
the predominant pathogens.5 In contrast, 

several studies from India and other 
developing countries have demonstrated 
a predominance of Gram-negative bacteria 
along with an increasing burden of 
multidrug-resistant (MDR) organisms. The 
choice of empirical antibiotics frequently 
relies on information from Western nations, 
which may not be suitable for application in 
these regions.6

Hyperglycemia impairs both innate and 
adaptive immune responses, increasing 
susceptibility to bacterial infections in 
patients with diabetes. DFIs are further 
promoted by peripheral neuropathy, 
v as cu l o p athy,  im p aire d c i rcu l at i o n , 
a n d im mu n o co m p ro m is e d s t ate s . 7, 8 
Inflammatory biomarkers such as C-reactive 
protein (CRP), procalcitonin (PCT), total 
leukocyte count (TLC), and interleukin-6 
(IL-6) have been associated with infection 
severity, lower-limb amputation, soft tissue 
infection, osteomyelitis, and sepsis in 
diabetic patients. Several clinical factors, 
including age, male gender, duration of 
diabetes, poor glycemic control, peripheral 
v as cular  d is eas e,  n euro p athy,  re nal 
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fungi (7.4%). The most common isolates were 
Pseudomonas spp., Escherichia coli, Klebsiella 
spp., and Acinetobacter spp., while methicillin-
resistant Staphylococcus aureus (MRSA) was 
the predominant Gram-positive organism. 
Polymicrobial infections were more frequent 
in males (Table 3).

Gram-negative isolates demonstrated 
high resistance to β-lactams, cephalosporins, 
and f luoroquinolones, whereas colistin 
retained activity against most isolates. 
Acinetobacter spp. exhibited the highest 
multidrug resistance. Among Gram-positive 
organisms, vancomycin and l inezolid 
showed good activity. Candida albicans 
was isolated in 5% of cases, with resistance 
to f luconazole observed in all isolates 
(Table 4).

Higher Wagner grades showed significant 
associations with HbA1c, CRP, and albumin 
levels (Table 5).

Debridement was the most commonly 
performed procedure across Wagner grades. 
Amputations were observed only in male 
patients with grade III and grade V ulcers 

(70%) and 12 females (30%). The majority 
of patients belonged to the 40–60 years of 
age group. Mean HbA1c levels were higher 
in males than females across all age groups 
and were significantly elevated in the 40–60 
years age group (p < 0.001), as shown in 
Table 1.

The mean HbA1c level of the study 
population was 12.93%, indicating poor 
glycemic control. Mean CRP and TLC values 
were elevated, suggesting active inflammation 
and infection, while lower hemoglobin 
and serum albumin levels reflected poor 
nutritional status (Fig. 1).

Male patients demonstrated significantly 
higher HbA1c levels than females, while 
hypertension, neuropathy, chronic kidney 
disease, and peripheral vascular disease were 
more frequent among males (Table 2).

Microbiological  analysis  revealed 
monomicrobial growth in 67.5% (n = 27) of 
cultures, polymicrobial growth in 12.5% (n = 5), 
and no growth in 20% (n = 8). Gram-negative 
organisms predominated (70.3%), followed 
by Gram-positive organisms (22.2%) and 

Inclusion and Exclusion Criteria
Adults aged 20–80 years with diabetic foot 
ulcers were included in the study. Patients with 
nondiabetic foot ulcers, immunocompromised 
states, chronic inf lammatory diseases, 
hemoglobinopathies, pregnancy, or chronic 
liver disease were excluded.

Clinical and Laboratory Assessment
Demographic details, duration of diabetes, 
associated comorbidities, and clinical 
f indings were recorded for all patients. 
Ulcer  sever it y was graded using the 
Wagner classification system. Peripheral 
neuropathy was assessed clinically using 
a 10-g Semmes–Weinstein monofilament, 
v ib r at i o n p e rce pt i o n tes t in g w i th  a  
128 Hz tuning fork, ankle reflex testing, 
and temperature sensation assessment. 
Peripheral vascular disease was assessed 
clinically by pedal pulse examination.

Laboratory investigations included 
complete blood count (CBC), glycated 
hemoglobin (HbA1c), CRP, liver function 
tests, kidney function tests, serum albumin, 
and serum creatinine.

Microbiological Analysis
Wound exudate and pus samples were 
collected under sterile precautions for 
microbiological evaluation. Specimens were 
cultured using standard microbiological 
techniques, and isolates were identified 
according to Clinical and Laboratory Standards 
Institute (CLSI) guidelines (2023). Antibiotic 
susceptibility testing was performed using the 
modified Kirby–Bauer disk diffusion method 
and interpreted according to CLSI criteria. 
Methicillin resistance in Staphylococcus aureus 
was assessed using the cefoxitin disk diffusion 
test. Colistin susceptibility was confirmed by 
broth microdilution.

Statistical Analysis
Descriptive statistics were used to summarize 
demographic and clinical data. Continuous 
variables were expressed as mean ± standard 
deviation (SD), while categorical variables were 
presented as frequencies and percentages. 
The chi-square test was used for categorical 
variables, and the independent t-test was 
applied for comparison of continuous variables 
between groups. One-way ANOVA was used to 
compare clinical parameters across age groups. 
Correlation analysis was performed using 
Pearson’s correlation coefficient. A p-value 
< 0.05 was considered statistically significant.

Re s u lts

A total of 40 patients with DFUs were 
included in the study, comprising 28 males 

Table 1:  HbA1c levels across various age groups for both genders

Age in years Male (n = 28) Female (n = 12) p-value HbA1c
male

HbA1c
female

p-value

<40 7 (25%) 3 (25%) 0.99 13.98 ± 1.55 10.53 ± 1.35 0.010
40–60 15 (53.5%) 8 (66.7%) 0.48 13.80 ± 1.42 10.31 ± 1.58 <0.001

>60 6 (21.4%) 1 (8.4%) 0.652 14.48 ± 1.31 11.30 0.075

Fig. 1: Mean values of the laboratory parameters

Table 2:  Comparison of clinical variables in males and females

Variables Male (n = 28) Female (n = 12) p-value

HbA1c (mean) 13.99 ± 1.40 10.45 ± 1.41 <0.001
Hypertension 16 (57.2%) 5 (41.7%) 0.369
Neuropathy 13 (46.5%) 5 (41.7%) 0.781
Chronic kidney disease 7 (25%) 1 (8.4%) 0.462

Peripheral vascular disease 4 (14.3%) 0 (0%) 0.168
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of severe infections, which is consistent 
with previous reports. Lacopi et  al. also 
reported that male patients with diabetic 
foot disease tend to have more severe clinical 
presentations, higher rates of comorbidities, 
and increased risks of minor and major 
amputations.12 Similar findings have been 
reported in European DFI studies, where male 
predominance and uncontrolled diabetes 
were commonly observed among patients 
with severe DFIs.11,13,14

B a c te r i o l o g i c a l  p at te r ns  o f  D FI s 
demonstrate considerable regional variation. 
While Western studies frequently report 
Gram-positive predominance,15,16 several 
Indian studies have documented a higher 
prevalence of Gram-negative organisms.17–19 
Our f indings are consistent with these 
observations, with Gram-negative bacteria 
accounting for the majority of isolates. Previous 
antibiotic exposure and chronic ulceration 
may contribute to the predominance of 
Gram-negative organisms in severe DFIs. 
Acinetobacter and Klebsiella species, which 
were commonly isolated in our study, have 
also been associated with increased risk of 
major amputations.20 In addition, severe 
DFIs in our cohort were predominantly 
polymicrobial, whereas mild-to-moderate 
infections were mainly monomicrobial, similar 
to findings from earlier studies.21,22 Gram-
negative infections, particularly Pseudomonas 
aeruginosa, are associated with greater 
severity, antibiotic resistance, tissue damage, 
and higher amputation risk.23,24

The emergence of multidrug-resistant 
organisms (MDROs) in DFIs represents a 
major therapeutic challenge. Factors such 
as ischemia, ulcer severity, osteomyelitis, 
p r e v i o u s  a n t i b i o t i c  e x p o s u r e ,  a n d 
repeated hospitalizations contribute to the 
development of antimicrobial resistance.25 In 
the present study, Gram-negative organisms 
exhibited high resistance to β-lactams, 
cephalosporins, and f luoroquinolones, 
whereas colistin retained good activity 
against most isolates. Among Gram-positive 
organisms, vancomycin and linezolid remained 
highly effective. Candida isolates were also 

regions, largely due to differences in antibiotic 
use and healthcare practices. Male sex and 
poor glycemic control have consistently 
been identified as important risk factors 
for infected and non-healing DFUs.11 In our 
study, male patients demonstrated poorer 
glycemic control and a higher frequency 

and were associated with poor glycemic 
control and polymicrobial infections (Fig. 2).

Di s c u s s i o n

The microbiological profile and antibiotic 
sensitivity of DFIs vary significantly across 

Table 3:  Culture results of diabetic foot ulcers (DFUs) (n = 40)

Type of growth Organism Frequency (%) Male (n = 28) Female (n = 12)

Monomicrobial Acinetobacter 3 (7.5) 2 1
Klebsiella pneumoniae 3 (7.5) 2 1
Pseudomonas 5 (12.5) 3 2
Citrobacter 2 (5) 1 1
Candida 2 (5) 2 0
Enterococcus 2 (5) 2 0
MRSA 3 (7.5) 2 1
E. coli 4 (10) 3 1
MSSA 1 (2.5) 1 0
Proteus mirabilis 2 (5) 2 0

Polymicrobial Acinetobacter + Klebsiella 1 (2.5) 1 0
Klebsiella spp. + Proteus 1 (2.5) 1 0
Pseudomonas + Acinetobacter 1 (2.5) 1 0
E. coli + Pseudomonas 1 (2.5) 1 0
E. coli + Klebsiella 1 (2.5) 0 1

No growth – 8 (20) 6 2

Table 4:  Major antimicrobial resistance patterns among isolates from diabetic foot infections

Organism Predominant Resistance Pattern Antibiotics with Highest 
Sensitivity

Acinetobacter spp. (n = 5) High resistance to cephalosporins,  
fluoroquinolones, and β-lactams

Colistin

Klebsiella spp. (n = 6) Resistant to third-generation  
cephalosporins and β-lactams

Colistin, meropenem

Proteus spp. (n = 3) High resistance to cephalosporins and 
β-lactams

Meropenem, colistin

Pseudomonas aeruginosa (n = 7) Resistant to cephalosporins and  
fluoroquinolones

Colistin

Escherichia coli (n = 6) High resistance to cephalosporins and 
β-lactams

Colistin, meropenem

Citrobacter spp. (n = 2) Multidrug resistance to β-lactams and 
cephalosporins

Colistin

MRSA (n = 3) Resistant to oxacillin, levofloxacin, and 
clindamycin

Vancomycin, linezolid

Enterococcus spp. (n = 2) Resistant to amoxiclav and doxycycline Vancomycin, linezolid

Candida albicans (n = 2) Resistant to fluconazole Caspofungin,  
micafungin, amphotericin B

Table 5:  Association between Wagner ulcer grading and selected biochemical and hematological parameters. Values are expressed as mean ± standard 
deviation (SD) for each Wagner ulcer grade (I–V). p-values represent the statistical significance of differences across Wagner grades

Wagner grading I II III IV V p-value

HbA1c (mean ± SD) 10.22 ± 1.12 12.90 ± 0.53 14.27 ± 0.37 15.20 ± 0.07 15.95 ± 0.43 0.001
CRP (mg/L) 16.83 ± 7.25 23.16 ± 17.03 16.68 ± 9.66 14.60 ± 30.92 44.50 ± 31.9 0.026
TLC (×10³/µL) 10.92 ± 4.40 17.00 ± 10.78 14.71 ± 3.14 21.60 ± 12.06 23.00 ± 8.83 0.057
Albumin (gm/dL) 3.73 ± 0.38 3.21 ± 0.71 3.42 ± 0.73 3.28 ± 0.76 2.57 ± 0.67 0.045
Hemoglobin (gm/dL) 11.42 ± 1.35 10.68 ± 1.85 11.27 ± 1.59 9.92 ± 1.50 9.40 ± 1.90 0.174

Creatinine (mg/dL) 0.96 ± 0.71 1.86 ± 1.09 1.45 ± 0.71 1.64 ± 0.74 2.30 ± 1.51 0.092

HbA1c, glycated hemoglobin; CRP, C-reactive protein; TLC, total leukocyte count; SD, standard deviation
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findings should be considered preliminary 
and require validation in larger prospective 
multicenter studies.

Co n c lu s i o n

This study demonstrates a predominance of 
Gram-negative organisms in DFIs, with a notable 
burden of multidrug-resistant pathogens. Poor 
glycemic control and abnormal inflammatory 
and nutritional markers were associated 
with increasing ulcer severity and adverse 
outcomes. These findings emphasize the 
importance of early microbiological evaluation 
and consideration of broader Gram-negative 
coverage when initiating empirical therapy in 
similar clinical settings.
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identified, highlighting the possibility of 
fungal superinfection in chronic DFIs.

Inflammatory and biochemical markers 
are important indicators of infection severity 
and prognosis in DFUs. Elevated CRP, TLC, 
and HbA1c levels in our study correlated 
with increasing Wagner grades and severity 
of infection, consistent with previous meta-
analyses.26,27 Poor glycemic control was 
strongly associated with severe infection 
and amputation risk. In addition, reduced 
serum albumin and hemoglobin levels were 
associated with advanced ulcer severity, 
reflecting the impact of nutritional status on 
wound healing and clinical outcomes. Similar 
associations between hypoalbuminemia, 
e levated inf lammator y markers ,  and 
increased amputation risk have been reported 
previously.28

Overall, our f indings highlight the 
predominance of Gram-negative and 
multidrug-resistant organisms in DFIs in this 
region and emphasize the importance of 
early microbiological evaluation, appropriate 
antimicrobial selection, and optimal glycemic 
control in reducing ulcer progression and 
amputation risk.

Li m i tat i o n s

The small sample size and single-center 
retrospective design limit the generalizability 
of the findings. Wound swab cultures were 
used instead of deep tissue biopsy, which 
may not reliably distinguish colonization 
from true infection. Anaerobic cultures 
and prior antibiotic exposure data were 
unavailable. The limited number of severe 
cases and amputations also precluded 
multivariate analysis. Therefore, these 

Fig. 2: Treatment modalities according to Wagner grade in patients with diabetic foot ulcers. 
The stacked bar chart illustrates the distribution of treatment modalities across Wagner grades 
I-V. Dressing was the predominant treatment in grade I ulcers, whereas debridement was most 
commonly performed in grades II–IV. Amputations were observed only in grades III and V, reflecting 
the association between advanced ulcer severity and limb loss
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Ab s t r ac t
Background: Candidemia is a major cause of invasive fungal bloodstream infections associated 
with significant morbidity and mortality. An increase in bloodstream infections caused by 
nonalbicans Candida species is concerning because it has different epidemiological characteristics 
and antifungal susceptibility compared to C. albicans. Resistance to antifungal agents, particularly 
azoles, complicates treatment.
Materials and methods: This retrospective hospital-based observational study was carried out 
in the Department of Microbiology, Saveetha Medical College, Chennai, from January 2025 to 
December 2025. Blood samples were collected and loaded into the BACT/ALERT automated system 
for microbial detection. Identification and antifungal susceptibility testing (AFST) were performed 
using the VITEK 2 automated system. CLSI M60 guidelines were used for interpreting the results.
Results: Candida species were isolated in 68/1207 (5.6%) positive blood cultures; 38/68 (55.9%) 
from ICU and 30/68 (44.1%) from non-ICU settings. Males (27/38, 71.1%) predominated in ICU, 
whereas females (18/30, 60%) predominated in non-ICU. The most commonly isolated species in 
the non-ICU setting was C. auris (11/30, 36.7%), whereas in the ICU setting it was C. tropicalis (13/38, 
34.2%). C. albicans and C. glabrata showed 100% susceptibility, whereas C. auris demonstrated 
high resistance to azoles with variable resistance to echinocandins. Diabetes mellitus was the 
most common risk factor in both settings. Mortality was higher in ICU patients (9/38, 23.7%) than 
non-ICU patients (5/30, 16.7%); however, this difference was not statistically significant (p  = 0.47).
Conclusion: Candidemia remains a significant source of bloodstream infections with a notable 
trend toward nonalbicans species and emerging antifungal resistance. Continuous surveillance 
and appropriate infection control practices are essential.
Keywords: Antifungal resistance, Candida auris, Candida duobushaemulonii, Candida utilis, 
Candidemia, Indian Council of Medical Research.
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C. parapsilosis, while C. krusei is naturally 
resistant to fluconazole, further complicating 
its outcomes.7–9

National statistics on the distribution of 
Candida species and patterns of antifungal 
susceptibility are provided in the ICMR AMR 
2024 report;12 however, resistance trends are 
not separated by ICU and non-ICU settings; 
therefore, institution-based research is 
required to assess local epidemiology and 
antifungal resistance patterns. Additionally, 
comparing institutional data with the ICMR 
AMR report allows for the evaluation of local 
resistance trends and the development of 
targeted antifungal stewardship initiatives.

The purpose of this study was to 
compare pooled resistance data with the 
results of the ICMR AMR 2024 national 
monitoring and to ascertain the species 
distribution and antifungal resistance trends 
of Candida bloodstream isolates in ICU and 
non-ICU settings at a tertiary care hospital 
in India. This study is primarily descriptive 
in nature and aims to provide a single-
center epidemiological snapshot rather than 
establish causal relationships or definitive 
comparative conclusions.

Mat e r i a l s a n d Me t h o d s

Study Design and Setting
T h i s  r e t r o s p e c t i v e  h o s p i t a l - b a s e d 
observational study was carried out in the 
Department of Microbiology, Saveetha 
Medical College, Chennai, from January 
2025 to December 2025 after obtaining 
approval from the Institutional Scientific 
Committee (730/01/2026/SRB/SMCH). As it 

In t r o d u c t i o n

Candida species-related bloodstream 
infections (BSI) are the most common 

invasive fungal diseases globally and are 
linked to significant morbidity and mortality.1 
Candidemia is a significant public health 
issue due to adverse patient outcomes, 
ex tended hospital iz at ions ,  e levated 
healthcare expenditures, and mortality 
rates ranging from 5% to 58%.2,3 Due to 
several risk factors such as central venous 
catheterization, mechanical ventilation, 
total parenteral nutrition, renal replacement 
therapy, immunosuppression, and extended 
exposure to broad-spectrum antibiotics, 
patients admitted to intensive care units 
are especially vulnerable to candidemia. But 
candidemia is not limited to critical care units; 
more cases are being recorded from non-ICU 
wards, which is indicative of the growing 
number of patients with impaired immune 
systems and the complexity of contemporary 
medical care.

Currently, over 200 species of Candida 
have been reported, of which only 10% 
are known to cause human infections.4  
C. albicans, C. glabrata, C. tropicalis, C. parapsilosis 
and C. krusei are typically responsible for the 
majority of invasive Candida infections.  
C. auris has become a significant nosocomial 
pathogen of concern that causes candidiasis 
in recent times.5,6

The rising cases of BSI with nonalbicans 
Candida species are alarming because they 
have a distinct epidemiological profile 
and antifungal susceptibility patterns 
compared to C. albicans and also can exhibit 
varying acquired and innate susceptibility to 
antifungal drugs.7–9 The increasing resistance 
to conventional antifungal drugs, especially 
azoles, makes diagnosis and treatment of 
Candida infections more difficult.10 There is 
ample evidence of fluconazole resistance 
in C. albicans, which is often linked to drug 
exposure.11 Fluconazole resistance may be 
more common in some nonalbicans species 
than in C. albicans, such as C. glabrata and 
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Table 1:  Sex-wise distribution of Candida species

Sex Non-ICU [n (%)] ICU [n (%)] Total [n (%)]

Male 12 (40%) 27 (71%) 39 (57%)
Female 18 (60%) 11 (29%) 29 (43%)

Total 30 (100%) 38 (100%) 68 (100%)

Table 2:  Age-wise distribution of Candida species

Age (years) Non-ICU [n (%)] ICU [n (%)] Total [n (%)]

0–20 7 (23.33) 10 (26) 17 (25)
21–40 4 (13.34) 4 (11) 8 (12)
41–60 7 (23.33) 16 (42) 23 (34)
61–80 12 (40) 8 (21) 20 (29)

Total 30 (100) 38 (100) 68 (100)

In ICU, C. tropicalis was most commonly 
isolated, followed by C. auris, C. albicans,  
C. glabrata, C. duobushaemulonii, C. parapsilosis, 
C. lusitaniae and C. utilis.

Among the Candida  species ,  only  
C. parapsilosis (p = 0.018) showed a statistically 
significant difference between ICU and 
non-ICU settings. No statistically significant 
differences were observed for other species 
(all p > 0.05). Species with ≤3 isolates  
(C. guilliermondii, C. duobushaemulonii,  
C. lusitaniae and C. utilis) were categorized 
as rare Candida species and are presented 
descriptively without inferential statistical 
comparison (Table 3).

Species-wise Antifungal Resistance 
Pattern of Candida Isolates
Antifungal resistance patterns are presented 
as the number of resistant isolates over total 
isolates tested (n/N) along with percentages. 
Ca n d i d a  a l b i ca ns  s h o w e d  c o m p l e t e 
susceptibility to all antifungal agents tested 
in both ICU and non-ICU settings (0/6 and 0/1, 
respectively).

In ICU settings, C. auris showed resistance 
in 5/8 isolates (62.5%) to fluconazole, 8/8 
isolates (100.0%) to voriconazole, 4/8 
isolates (50.0%) to itraconazole, 2/8 isolates 
(25.0%) to clotrimazole, 5/8 isolates (62.5%) 
to micafungin and 3/8 isolates (37.5%) to 
amphotericin B, while all isolates were 
susceptible to caspofungin (0/8). 

In non-ICU settings, C. auris showed 
resistance in 7/11 isolates (63.6%) to fluconazole, 
11/11 isolates (100.0%) to voriconazole, 7/11 
isolates (63.6%) to itraconazole, 3/11 isolates 
(27.3%) to clotrimazole and 7/11 isolates (63.6%) 
to amphotericin B, while all isolates were 
susceptible to caspofungin and micafungin 
(0/11).

In ICU settings, C. duobushaemulonii 
showed resistance in 2/3 isolates (66.7%) 
to f luconazole, 1/3 isolates (33.3%) to 
voriconazole, and 1/3 isolates (33.3%) to 

Given the limited sample size and small 
subgroup counts, multivariate analysis was 
not performed, and findings were interpreted 
as exploratory. Species with ≤ 3 isolates 
were excluded from inferential statistical 
comparisons and described descriptively.

Re s u lts

A retrospective analysis of blood culture 
data from the study period showed 1,207 
positive blood cultures. Of these, 310 (26%) 
were from ICU patients while 897 (74%) were 
from non-ICU patients. Candida species were 
isolated in 68 cases (30 non-ICU cases and 38 
ICU cases), accounting for 5.6% of all positive 
blood cultures.

Demographic Profile of Candidemia
Sex-wise Distribution
Males (71.1%) constituted the majority of 
candidemia cases in ICU, whereas females 
(60%) made up a larger percentage of cases in 
the non-ICU group. Overall, candidemia was 
more common in male patients. A statistically 
significant difference in sex distribution was 
noted between ICU and non-ICU patients  
(p = 0.014). Male patients had higher odds of 
ICU admission compared to females (OR 3.68; 
95% CI 1.34–10.13) (Table 1).

Age-wise Distribution
The most common age group affected was 
41–60 years in the ICU group, whereas in the 
non-ICU group, the 61–80 years age group 
predominated. There was no statistically 
significant difference in age distribution 
between ICU and non-ICU groups (p = 0.265) 
(Table 2).

Species Distribution of Candida
The most commonly isolated species in the 
non-ICU setting was C. auris, followed by C. 
parapsilosis, C. tropicalis, C. albicans, C. glabrata, 
C. guilliermondii and C. utilis.

was a retrospective study, a waiver certificate 
was obtained from the Institutional Ethical 
Committee.

Inclusion Criteria
Intensive care unit and non-ICU patients with 
laboratory-confirmed candidemia, defined as 
at least one positive blood culture for Candida 
species in the presence of clinical features of 
infection such as fever, hypotension, or signs 
of sepsis.

Only the first episode per patient was 
included in the analysis, and duplicate isolates 
from the same patient were excluded.

Exclusion Criteria
•	 Colonization-related cases without a 

clinical connection.
•	 Inadequate clinical records.

Specimen Collection and Transport
Blood samples were collected under aseptic 
precautions from hospitalized patients 
and inoculated directly into BACT/ALERT 
blood culture bottles (bioMérieux, France). 
Bottles were transported immediately to the 
microbiology laboratory and loaded into the 
automated BACT/ALERT blood culture system 
for continuous monitoring.13

Sample Processing
Blood cultures flagged as positive by the 
automated system were followed by Gram-
staining and subcultured onto blood agar 
and CHROMagar for growth and species 
dif ferentiation. The VITEK 2 automated 
system was used for identification (ID card: 
VITEK® 2 YST) and antifungal susceptibility 
testing (AST card: VITEK® 2 AST-YS08), and 
results were interpreted in accordance with 
CLSI M60 (2024) guidelines using clinical 
breakpoints or epidemiological cutoffs 
wherever applicable.14 It is acknowledged 
that automated identification systems such 
as VITEK 2 may have limitations in accurately 
identifying rare or emerging species such as C. 
auris, and confirmatory methods (e.g., MALDI-
TOF MS) were not available.

Statistical Analysis
Data were entered in Microsoft Excel and 
analyzed using OpenEpi software version 3.01, 
an open-source epidemiological statistics 
tool. Categorical variables were expressed 
as frequencies and percentages. The chi-
square test was used for comparison when 
expected cell counts were ≥5; otherwise, 
Fisher’s exact test was applied. Due to the 
small sample size, odds ratios and confidence 
intervals were interpreted cautiously. All 
statistical tests were two-tailed, and a p-value 
< 0.05 was considered statistically significant. 
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Table 3:  Species distribution of Candida isolates

Species Non-ICU [n (%)] ICU [n (%)] Total [n (%)] p-value

C. albicans 1 (3.3) 6 (15.8) 7 (10.3) 0.12
C. tropicalis 7 (23.3) 13 (34.2) 20 (29.4) 0.42
C. glabrata 1 (3.3) 4 (10.5) 5 (7.4) 0.37
C. parapsilosis 8 (26.7) 2 (5.3) 10 (14.7) 0.01
C. auris 11 (36.7) 8 (21.1) 19 (27.9) 0.18
C. guilliermondii 1 (3.3) 0 1 (1.5) –
C. duobushaemulonii 0 3 (7.9) 3 (4.4) –
C. lusitaniae 0 1 (2.6) 1 (1.5) –

C. utilis 1 (3.3) 1 (2.6) 2 (2.9) –

p-values were calculated using Fisher’s exact test; p < 0.05 was considered statistically significant

a resistance rate of 19.1% to fluconazole, 4.3% 
to voriconazole, 1.4% to caspofungin, and 
0.4% to micafungin.

C. tropicalis showed an overall resistance 
rate of 5% to fluconazole, 20% to voriconazole, 
and 100% susceptibility to caspofungin and 
micafungin in our study, while the ICMR AMR 
2024 report documented a resistance rate of 
6.2% to fluconazole, 5.3% to voriconazole, 
0.7% to caspofungin, and 1.4% to micafungin.

These dif ferences may ref lect local 
epidemiological variation rather than true 
population-level differences (Table 6).

Di s c u s s i o n

The present study highlights the burden, 
demographic trends, species distribution, and 
antifungal resistance pattern. In our study, 
Candida species constituted about 5.6% of all 
positive blood cultures, indicating that fungal 
bloodstream infections are an important 
contributor to morbidity, particularly among 
hospitalized and critically ill patients, which is 
in concordance with several other studies.15,16 
The larger patient base in general wards 
may account for the higher candidemia 
cases; however, ICU patients usually have 
more predisposing risk factors such as 
extended hospital stays, invasive procedures, 
and immunosuppression, which increase 
susceptibility to invasive fungal infections.17

The demographic study revealed a 
gender-based variation in the incidence of 
candidemia. In ICU settings, the majority of 
cases were male, whereas in non-ICU settings, 
females were most commonly affected. 
Generally, the incidence of candidemia was 
found to be higher in males.18 A significant 
male predominance was noted among ICU 
patients (p = 0.014); however, this association 
should be interpreted with caution given the 
limited sample size. This is consistent with a 
number of studies that have shown a slightly 
higher incidence of bloodstream infections in 
males, potentially due to greater exposure to 
comorbid conditions.18

Based on the age distribution, candidemia 
affected a broad range of patients. The 61–80 
years age group was most commonly affected 
in the ICU group, while the 41–60 years age 
group predominated in the non-ICU group. 
In general, both elderly and middle-aged 
populations were greatly impacted. The 
higher incidence in older age groups is mainly 
due to chronic illnesses, a weakening immune 
system, and frequent exposure to healthcare 
facilities.19

Diabetes mellitus is a well-established 
risk factor for candidemia, as hyperglycemia 
impairs immune function and promotes 
fungal proliferation; recent studies have 

Other risk factors such as preterm status, 
prolonged antibiotic use, chemotherapy, 
and radiotherapy were observed in the 
non-ICU group, while mechanical ventilation, 
polytrauma, steroid use, and systemic lupus 
erythematosus were observed in the ICU 
group. No statistically significant differences 
were observed for any of the evaluated risk 
factors (all p > 0.05).

Mortality was numerically higher among 
ICU patients (23.7%) compared to non-ICU 
patients (16.7%); however, this difference was 
not statistically significant (p = 0.47) (Table 5).

Antifungal Resistance 
among Candida  Bloodstream 
Isol ates in ICU and Non-ICU 
Se t tings with Reference to 
ICMR AMR 2024 National 
Surveill ance Data

Antifungal resistance patterns observed in the 
present study are presented alongside ICMR 
AMR 2024 surveillance data for reference. 
C. albicans in our study showed 100% 
susceptibility to fluconazole, voriconazole, 
caspofungin and micafungin, while the ICMR 
AMR 2024 report documented resistance rates 
of 2.1% to fluconazole, 2.8% to voriconazole, 
2.8% to caspofungin and 2.7% to micafungin.

C. auris showed an overall resistance rate 
of 63.2% to fluconazole, 100% to voriconazole, 
26.3% to micafungin, and 100% susceptibility 
to caspofungin in our study, while the ICMR 
AMR 2024 report documented a resistance rate 
of 50% to fluconazole, 84% to voriconazole, 
10.1% to caspofungin, and 2.8% to micafungin.

C. glabrata showed 100% susceptibility 
to fluconazole and voriconazole in our study; 
ICMR AMR 2024 documented resistance rates 
of 2% to fluconazole and 3.5% to voriconazole.

C. parapsilosis showed overall 20% 
resistance to fluconazole, 20% resistance 
to voriconazole, and 100% susceptibility to 
micafungin and caspofungin in our study, 
while the ICMR AMR 2024 report documented 

amphotericin B, while all isolates were 
susceptible to caspofungin (0/3).

C. glabrata showed complete susceptibility 
to all antifungal agents tested in both ICU and 
non-ICU settings (0/4 and 0/1, respectively).

In ICU settings, C. lusitaniae showed 
complete susceptibility to all antifungal 
agents tested (0/1).

In ICU settings, C. parapsilosis showed 
complete susceptibility to all antifungal 
agents tested (0/2). In non-ICU settings, 
C. parapsilosis showed resistance in 3/8 
isolates (37.5%) to fluconazole, 2/8 isolates 
(25.0%) to voriconazole, 2/8 isolates (25.0%) 
to itraconazole, and 3/8 isolates (37.5%) 
to amphotericin B, while all isolates were 
susceptible to caspofungin and micafungin 
(0/8).

In non-ICU settings, C. guilliermondii 
showed complete susceptibility to all 
antifungal agents tested (0/1).

In ICU settings, C. tropicalis showed 
resistance in 2/13 isolates (15.4%) to 
voriconazole, 4/13 isolates (30.8%) to 
i t raconazole,  1/13 iso lates  (7.7%) to 
caspofungin, and 3/13 isolates (23.1%) to 
micafungin, while all isolates were susceptible 
to fluconazole and amphotericin B (0/13). 
In non-ICU settings, C. tropicalis showed 
resistance in 1/7 isolates (14.3%) to fluconazole, 
2/7 isolates (28.6%) to voriconazole, 2/7 
isolates (28.6%) to itraconazole, 5/7 isolates 
(71.4%) to micafungin, and 3/7 isolates (42.9%) 
to amphotericin B, while all isolates were 
susceptible to caspofungin (0/7).

C. utilis showed complete susceptibility to 
all antifungal agents tested in both ICU and 
non-ICU settings (0/1 each) (Table 4).

Ri s k Fac to r s a n d Ou tco m e s 
of  t h e Pat i e n ts w i t h 
Ca n d i d e m i a

The most frequently observed risk factors 
included diabetes mellitus and dialysis, with no 
statistically significant differences observed 
between ICU and non-ICU groups (p > 0.05). 
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Table 4:  Species-wise antifungal resistance pattern of Candida isolates

Species Antifungal drugs ICU R (%)
(N/N)

Non-ICU R (%)
(N/N)

C. albicans Fluconazole 0% (0/6) 0% (0/1)
Voriconazole 0% (0/6) –
Itraconazole 0% (0/6) 0% (0/1)
Caspofungin 0% (0/6) 0% (0/1)
Micafungin 0% (0/6) 0% (0/1)
Amphotericin B 0% (0/6) 0% (0/1)

C. auris Fluconazole 62.5% (5/8) 63.6% (7/11)
Voriconazole 100% (8/8) 100% (11/11)
Itraconazole 50% (4/8) 63.6% (7/11)
Clotrimazole 25% (2/8) 27.3% (3/11)
Caspofungin 0% (0/8) 0% (0/11)
Micafungin 62.5% (5/8) 0% (0/11)
Amphotericin B 37.5% (3/8) 63.6% (7/11)

C. duobushaemulonii Fluconazole 66.7% (2/3) –
Voriconazole 33.3% (1/3) –
Caspofungin 0% (0/3) –
Amphotericin B 33.3% (1/3) –

C. glabrata Fluconazole 0% (0/4) 0% (0/1)
Itraconazole 0% (0/4) 0% (0/1)
Voriconazole 0% (0/4) 0% (0/1)
Clotrimazole 0% (0/4) 0% (0/1)
Amphotericin B 0% (0/4) 0% (0/1)

C. lusitaniae Fluconazole 0% (0/1) –
Voriconazole 0% (0/1) –
Amphotericin B 0% (0/1) –

C. parapsilosis Fluconazole 0% (0/2) 37.5% (3/8)
Voriconazole 0% (0/2) 25% (2/8)
Itraconazole 0% (0/2) 25% (2/8)
Caspofungin 0% (0/2) 0% (0/8)
Micafungin 0% (0/2) 0% (0/8)
Amphotericin B 0% (0/2) 37.5% (3/8)

C. guilliermondii Fluconazole – 0% (0/1)
Voriconazole – 0% (0/1)
Caspofungin – 0% (0/1)
Micafungin – 0% (0/1)
Amphotericin B – 0% (0/1)

C. tropicalis Fluconazole 0% (0/13) 14.3% (1/7)
Voriconazole 15.4% (2/13) 28.6% (2/7)
Itraconazole 30.8% (4/13) 28.6% (2/7)
Caspofungin 7.7% (1/13) 0% (0/7)
Micafungin 23.1% (3/13) 71.4% (5/7)
Amphotericin B 0% (0/13) 42.9% (3/7)

C. utilis Fluconazole 0% (0/1) 0% (0/1)
Voriconazole 0% (0/1) 0% (0/1)
Itraconazole 0% (0/1) 0% (0/1)

Amphotericin B 0% (0/1) 0% (0/1)

‘–’ indicates that no isolates were available for testing

Despite having a substantially higher mortality 
rate (23.7% vs 16.7%) than non-ICU patients, 
this difference was not statistically significant 
and should be interpreted cautiously.

The antifungal resistance patterns in our 
study help in understanding the regional 
susceptibility trends. C. albicans demonstrated 
complete susceptibility to all the antifungal 
drugs tested in this study, which is in line 
with global trends that show that C. albicans 
resistance is still relatively low compared to 
nonalbicans species.21 However, in both ICU 
and non-ICU settings, C. auris demonstrated 
high resistance rates to azoles, particularly 
fluconazole and voriconazole.22,23 Resistance 
to amphotericin B was also notable. The 
elevated resistance observed in C. auris, 
especially to azoles and echinocandins, may 
be attributed to intrinsic mechanisms such 
as ERG11 gene mutations and efflux pump 
overexpression, as reported in previous 
studies. Although molecular characterization 
was not performed in the present study, 
these findings may indicate the presence of 
resistant clades and underscore the need 
for further genomic surveillance. These 
observations highlight the importance of 
periodic antifungal susceptibility testing 
and careful selection of empirical antifungal 
therapy.

C . tropicalis  showed considerable 
resistance to azoles and echinocandins, 
which suggests changing resistance trends, 
especially in non-ICU settings.24 C. parapsilosis 
showed variable resistance to fluconazole and 
Amphotericin B in non-ICU patients, which is 
important from a clinical point of view as this 
species is commonly associated with catheter-
related bloodstream infections. C. glabrata, 
C. lusitaniae, C. utilis and C. guilliermondii had 
overall lower resistance rates; however, these 
findings should be interpreted cautiously due 
to the small number of isolates.

The findings in our study reveal both 
agreement and discrepancies when compared 
to the ICMR 2024 national surveillance data.12 
In our study, the fluconazole resistance rate in 
C. auris was higher than the ICMR report, which 
may reflect local or regional variation. C. auris 
may require focused attention in antimicrobial 
stewardship programs, as the resistance rate 
of micafungin in C. auris was higher than that 
reported in national surveillance data. On the 
other hand, compared to the national data, 
C. albicans and C. glabrata had a lower rate of 
resistance, which indicates that these species 
are still susceptible to the commonly used 
antifungal drugs.

The increasing number of cases of 
nonalbicans Candida species and the trend 
of antifungal resistance make it necessary 

term antibiotic usage, chemotherapy and 
preterm status were noted; however, none of 
these factors showed a statistically significant 
association between ICU and non-ICU groups. 

consistently identified diabetes as one of 
the most common comorbidities associated 
with candidemia.20. In both ICU and non-ICU 
groups, other risk factors such as dialysis, long-
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Table 5:  Risk factors and outcomes of the patients with candidemia

Risk factors/comorbidities ICU (%) Non-ICU p-value

Dialysis 6 (15.8) 5 (16.7) 0.90
Prolonged antibiotic use 1 (2.6) 2 (6.7) 0.60
Chemotherapy 1 (2.6) 2 (6.7) 0.60
Diabetes mellitus 15 (39.5) 10 (33.3) 0.59
Preterm 4 (10.5) 6 (20) 0.32
Radiotherapy 0 (0) 1 (3.3) 0.44
Mechanical ventilation 4 (10.5) 0 (0) 0.06
Polytrauma 3 (7.9) 0 (0) 0.11
Steroid 2 (5.3) 0 (0) 0.20
SLE 1 (2.6) 0 (0) 0.36
Outcome
Dead 9 (23.7) 5 (16.7) 0.47

Recovered 29 (76.3) 25 (83.3) 0.47

p values were calculated using Fisher’s exact test; p < 0.05 was considered statistically significant

Table 6:  Antifungal resistance among Candida bloodstream isolates in ICU and non-ICU settings 
with reference to ICMR AMR 2024 national surveillance data

Species Antifungal drugs ICU + Non-ICU settings ICMR AMR 2024

C. albicans Fluconazole 0% (0/7) 2.1%
Voriconazole 0% (0/7) 2.8%
Caspofungin 0% (0/7) 2.8%
Micafungin 0% (0/7) 2.7%

C. auris Fluconazole 63.2% (12/19) 50%
Voriconazole 100% (19/19) 84%
Caspofungin 0% (0/19) 10.1%
Micafungin 26.3% (5/19) 2.8%

C. glabrata Fluconazole 0% (0/5) 2%
Voriconazole 0% (0/5) 3.5%

C. parapsilosis Fluconazole 20% (2/10) 19.1%
Voriconazole 20% (2/10) 4.3%
Caspofungin 0% (0/10) 1.4%
Micafungin 0% (0/10) 0.4%

C. tropicalis Fluconazole 5% (1/20) 6.2%
Voriconazole 20% (4/20) 5.3%
Caspofungin 0% (0/20) 0.7%

Micafungin 0% (0/20) 1.4%

trend of nonalbicans species of Candida and 
increased resistance to antifungal agents.  
C. tropicalis and C. auris were the most common 
pathogens, with C. auris demonstrating higher 
resistance to antifungal agents. There is an 
urgent need to monitor, perform antifungal 
susceptibility testing, and use antifungal 
agents judiciously along with infection control 
measures to combat the rising threat of 
candidemia, both in ICU and non-ICU settings.
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ORIGINAL ARTICLE

Ab s t r ac t
Introduction: Percutaneous catheter drainage (PCD) is widely used in the management of large 
amebic liver abscesses (ALA). However, considerable variation exists in catheter removal practices, 
and concerns regarding residual cavities often result in prolonged catheterization and hospital stay. 
This study assessed whether an early catheter removal strategy could improve clinical outcomes 
without increasing complications.
Methods: In this prospective observational study, 40 adult patients with uncomplicated ALA 
requiring percutaneous drainage were enrolled. Catheter removal was attempted after 72 hours 
in patients demonstrating sustained clinical improvement, defined by resolution of fever and 
abdominal pain, declining leukocyte counts, and at least a 50% reduction in abscess cavity volume 
on ultrasonography. Patients were followed clinically and with serial ultrasound examinations to 
assess outcomes and the behavior of residual cavities.
Results: The study population was predominantly male (90%), with 62.5% having abscesses larger 
than 10 cm and 75% involving the right hepatic lobe. Early catheter removal was successfully 
achieved in 36 patients (90%) without procedure-related complications or mortality. The median 
duration of catheterization and hospital stay was 3 days each. Residual cavities were frequently 
observed on follow-up imaging (87.5% at 2 weeks and 82.5% at 1 month) but showed progressive 
reduction in size over time, decreasing from a mean of 6.5 ± 3.3 cm at discharge to 3.0 ± 1.7 cm 
at 1 month. Clinical recovery was rapid, with median resolution times of 2 days for fever and  
3 days for abdominal pain.
Conclusion: Early removal of percutaneous catheters in patients with uncomplicated amebic liver 
abscess is safe and effective, significantly reducing catheter duration and length of hospitalization 
without increasing adverse outcomes. Although residual cavities are common, they regress 
gradually and do not justify prolonged catheter retention.
Keywords: Amebic liver abscess, Catheter drainage, Residual cavities.
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formation and also increases the duration 
of hospitalization and costs.

We hy p oth esize d that  re m ov in g 
the PCD catheter  as  ear ly  as  3 days 
af ter clinical improvement and a 50% 
reduction in abscess volume would be 
effective in managing most cases of large, 
uncomplicated amebic liver abscesses 
(ALA). This approach may offer prompt 
symptomatic relief while minimizing the 
risk of complications.

The present study was designed to 
assess the safety and efficacy of early PCD 
removal in such patients and to evaluate 
the nature and clinical significance of any 
residual cavities.

Me t h o d s

This was a single-center, prospective 
observational study carried out in the 
Department of Gastroenterology at Sawai 
Man Singh Medical College and Hospital, 
Jaipur, over a 14-month period spanning 
January 2024 to February 2025.

Adults aged 18 years or older with 
radiologically confirmed uncomplicated 
ALA who fulfilled predefined indications 
for drainage were consecutively enrolled. 
The diagnosis of amebic liver abscess 
(ALA) was established using a combination 
of clinical presentation (including fever, 
right upper quadrant pain, and tender 
hepatomegaly), characteristic imaging 

In t r o d u c t i o n

Amebic liver abscess (ALA) represents 
th e p re d o minant  e x tr a intes t inal 

manifestation of invasive amebiasis and 
continues to contribute significantly to 
morbidity in endemic regions.1– 6 Most 
patients respond well to antiamebic therapy, 
with nitroimidazoles such as metronidazole, 
tinidazole, and satranidazole forming the 
backbone of treatment.3,7 A particularly 
severe complication of amebic liver abscess 
is rupture into the pleural, peritoneal, or 
pericardial cavities, a situation that may 
necessitate surgical intervention or insertion 
of an intercostal chest drain.

A l t h o u g h  u n c o m p l i c a t e d  a n d 
smaller abscesses are typically managed 
with pharmacotherapy alone, a notable 
proportion of patients require concurrent 
abscess drainage.7 Drainage is generally 
indicated in selected clinical scenarios 
such as left-lobe involvement, features 
suggestive of impending rupture, inadequate 
response to medical therapy, or diagnostic 

uncertainty. Image-guided percutaneous 
interventions constitute the mainstay of 
abscess decompression, with percutaneous 
needle aspiration (PNA) generally reserved for 
smaller cavities and percutaneous catheter 
drainage (PCD) preferred for larger collections 
(>5 cm).8–11

Considerable heterogeneity exists in 
catheter removal protocols, with proposed 
criteria ranging from sustained low daily 
drainage volumes to near- complete 
radiological resolution of the abscess cavity. 
The mean duration of PCD in these studies 
was 7–10 days.8–12

Persistent cavit ies are commonly 
identified on follow-up ultrasonography 
or computed tomography, leading to 
uncer t a int y  re garding th eir  c l in ic a l 
relevance. The exact prevalence of these 
residual cavities is unclear, and there 
is no standardized approach to their 
m a n a g e m e n t . 8 P r o l o n g e d  c a t h e t e r 
use may lead to complications such as 
catheter slippage, leakage, and f istula 



Optimizing Catheter Removal in Amebic Liver Abscess

Journal of The Association of Physicians of India, Volume 74 Issue 8 (August 2026) 64

Re s u lts

During the study period, 103 patients were 
evaluated for eligibility, 63 were excluded 
for various reasons (Fig. 1), and 40 patients 
were ultimately enrolled. Most patients were 
male (36/40), and a substantial proportion 
(65%) had a history of significant alcohol use 
disorder. The mean age was 46.6 ± 10.5 years. 
Fever and tender hepatomegaly were 
almost universally present (95 and 100%, 
respectively). The majority of patients (80%) 
had solitary abscesses, while 8 (20%) had 
multiple abscesses (Table 1).

The indications for abscess drainage were 
impending rupture (8/40), left-lobe abscess 
(10/40), failure to respond to medical therapy 
after 72 hours (22/40), and >1 indication 
(30/40). Twenty-five patients (62.5%) had a 
baseline abscess diameter >10 cm, while only 
four patients (10%) had an abscess diameter 
<5 cm. In this subgroup, indications for 
abscess drainage included impending rupture 
(2 patients), left-lobe involvement (2 patients), 
and failure to respond to medical therapy after 
72 hours (1 patient).

T h e m aj o r i t y  o f  p at i e nt s  (38/4 0) 
underwent 1 PCD placement, and only 
2 patients required 2 PCD placements. 
Their hospital stay was not significantly 
prolonged compared to that of patients who 
required only 1 PCD placement.

Catheter drainage was successfully 
performed in all patients without any major 
intraprocedural or immediate postprocedural 
co m p l i c at i o ns .  H oweve r,  2  p at i e nt s 
experienced moderate-to-severe pain at 
the catheter site following the procedure 
and required intravenous analgesia. None of 
the catheter aspirate cultures demonstrated 
bacterial growth.

The time to resolution of fever and 
abdominal pain is detailed in Table 2. Most 
patients (36/40; 90%) demonstrated rapid 
clinical improvement, with normalization of 
symptoms occurring within 3 days of PCD 
insertion. In the remaining 4 patients (10%), 
symptom resolution occurred beyond 3 days 
following catheter placement. All patients 

guided catheter insertion technique. An 
8–12 French Malecot drainage catheter 
was positioned within the abscess cavity. 
Aspirated material was submitted for Gram 
staining, bacterial culture, and antibiotic 
susceptibility testing. The catheter was 
attached to a closed drainage system, and 
routine catheter maintenance protocols were 
followed. Following drainage, patients were 
monitored daily for clinical improvement 
(resolution of fever and abdominal pain) 
and for trends in inflammatory markers. 
Drain output was recorded every 24 hours.

Criteria for Catheter Removal
An at tempt at  catheter removal  was 
made after a dwell time of 72 hours when 
patients showed sustained symptomatic 
improvement (defined by resolution of 
fever and abdominal pain) with falling 
leukocyte counts, and ultrasonography 
demonstrated a reduction of ≥50% in cavity 
volume compared with baseline. Notably, 
persistence of a residual cavity on follow-up 
ultrasonography was not considered a 
contraindication to catheter removal, 
and no additional catheter manipulation 
or aspiration was per formed. Patients 
not meeting removal criteria underwent 
repeat ultrasonographic assessment every  
48 hours until eligibility for catheter removal 
was achieved. Potential complications, 
including bile leak or secondary infections, 
were actively evaluated and managed 
appropriately.

Follow-up and Assessment of 
Residual Cavities
Patients were discharged once clinically stable 
and afebrile, tolerating oral intake, and once 
PCD had been removed. Outpatient follow-up 
visits were scheduled at 1, 2, and 4 weeks after 
discharge. Ultrasonography was performed 
at each visit to document the evolution of 
residual cavities.

Statistical Analysis
C a t e g o r i c a l  v a r i a b l e s  d e s c r i b i n g 
demographic characteristics and clinical 
findings were expressed as percentages. 
Continuous variables were summarized using 
the mean with standard deviation or the 
median with interquartile range, depending 
on the distribution of the data. Changes 
in abscess size over time (at discharge,  
2 weeks, and 4 weeks) were analyzed using 
the Friedman test for repeated measures. 
Data analysis was performed using SPSS 
software (version 25.0, IBM Corp., Armonk, 
NY, USA). A two-sided p-value < 0.05 was 
considered statistically significant.

findings on ultrasonography or contrast-
enhanced computed tomography, gross 
appearance of aspirated material, and 
supportive serological evidence of amebic 
infection, where available.

Percutaneous drainage was undertaken 
in patients with features suggestive of 
impending rupture, left-lobe abscesses, cavity 
size exceeding 5 cm, or persistent symptoms 
despite at least 72 hours of antiamebic 
therapy.

Patients were excluded if they had 
abscesses that did not require drainage 
or presented with complications such as 
pleural, bronchial, or pericardial fistulization, 
or peritonitis at initial assessment. Other 
exclusion criteria included uncorrectable 
coagulopathy, pregnancy, pyogenic liver 
abscess, human immunodeficiency virus 
(HIV) infection, or failure to provide informed 
consent.

Approval for the study protocol was 
obtained from the institutional ethics 
committee, and written informed consent 
was secured from all participants before 
enrollment. At admission, a detailed clinical 
history and physical examination were 
documented. Laboratory investigations 
included hemoglobin concentration, 
creatinine, total white blood cell count, 
markers of inflammation including C-reactive 
protein and erythrocyte sedimentation rate, 
as well as liver function tests, coagulation 
profile, blood glucose levels, viral serology, 
and amebic serology. Baseline abdominal 
ultrasonography was performed in all 
patients, with contrast-enhanced computed 
tomography obtained when clinically 
indicated, to define the number, location, 
and size of abscess cavities. The size of the 
abscess was assessed by measuring two 
perpendicular dimensions, and the cavity 
volume was subsequently calculated using a 
conventional geometric formula.13

All patients received oral or intravenous 
metronidazole at a dose of 40 mg/kg/day in 
three divided doses, along with concomitant 
injectable ofloxacin 200 mg twice daily. 
Antibiotic therapy was administered for a 
minimum of 7 days or until removal of the 
PCD catheter, whichever was longer, after 
obtaining at least one set of blood cultures. 
Metronidazole was continued for a total 
duration of 14 days.

Ultrasonography-guided 
Percutaneous Drainage of the 
Abscess
U l t r a s o n o g r a p h y - g u i d e d  P C D  w a s 
performed under aseptic conditions by 
the radiology team using a standard wire-

Fig. 1: Enrollment flowchart
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No patients were lost to follow-up, and 
none showed an increase in abscess size after 
PCD removal. There were no catheter site-
related complications, no rehospitalizations, 
and no deaths. No patient developed a 
percutaneous fistula after catheter removal, 
and no patient developed concomitant 
gastrointestinal (GI) bleeding. No patient 
required repeat drainage, catheter reinsertion, 
or surgical intervention at any point.

Di s c u s s i o n

Amebic l iver abscess constitutes the 
predominant extraintestinal presentation 
of amebiasis.13 In North India, the disease 
predominantly affects males from lower 
socioeconomic strata, with a strong association 
with chronic alcohol consumption.14 
Management of amebic liver abscess (ALA) 
is largely medical in nature, with treatment 
predominantly based on nitroimidazole 
therapy.3,7 Recent studies indicate that, 
in uncomplicated amebic liver abscess, 
nitazoxanide demonstrates therapeutic 
effectiveness comparable to metronidazole, 
while being better tolerated and providing 
the additional advantage of concurrent 
luminal eradication, which may help lower 
recurrence rates.15

W h i l e  t h e  c r i t e r i a  f o r  i n i t i a t i n g 
percutaneous drainage in ALA are relatively 
well defined, there remains no consensus 
on the most appropriate timing for catheter 
removal or on how residual cavities identified 
on imaging should influence management 
decisions. Several earlier studies, largely 
involving patients with ALA, have proposed 
differing criteria to guide catheter removal. 
Rajak et al. proposed catheter removal only 
after patients demonstrated sustained clinical 
recovery, improvement in inflammatory 
parameters, persistently low drain output, 
and near-total radiological resolution of the 
abscess cavity. Using this approach, catheter 
duration ranged from 3 to 15 days, with 
hospitalization extending up to 24 days.9

Similarly, a comparative study from North 
India by Singh et  al. advised maintaining 
catheter drainage until output had ceased for 
several days, with repeated ultrasonographic 
assessments guiding further management. 
Residual cavities prompted saline flushing, 
aspiration, and catheter manipulation when 
loculations were present, resulting in a mean 
time to clinical relief of more than 8 days and 
a mean hospital stay exceeding 20 days.8 A 
study from Punjab and a large liver unit series 
by Jindal et al. adopted comparable drainage-
based criteria, recommending catheter 
removal after sustained clinical improvement 
accompanied by minimal daily output.12,16 

median time to catheter removal was 3 days 
[interquartile range (IQR), 2–5 days], and the 
median length of hospital stay was 3 days 
(IQR, 2–7 days). Notably, all patients who 
underwent successful early catheter removal 
demonstrated a drainage output of <20 mL 
on day 3.

Residual abscess cavities were commonly 
observed, with 38 of 40 patients (95%) having 
residual cavities at the time of PCD removal. 
Serial imaging revealed that residual cavities 
persisted in the majority of patients, with 
87.5% (35/40) showing persistent cavities at 
the 2-week follow-up and 82.5% (33/40) at  
1 month. However, there was a significant 
and progressive reduction in abscess size over 
time, from a mean of 6.5 ± 3.3 cm at discharge 
to 4.9 ± 2.7 cm at 2 weeks and further to 
3.0 ± 1.7 cm at 1 month (p < 0.001).

who improved within the initial 3-day period 
had an uncomplicated hospital course and 
were discharged without adverse events.

Patients with delayed clinical improvement 
underwent further assessment for potential 
local or systemic complications. A persistent 
biliary leak was identified in 1 patient and 
was successfully managed with endoscopic 
retrograde cholangiopancreatography, 
sphinc terotomy, and placement of a 
temporary plastic stent. The remaining 
3 patients continued to have fever, with 
abscess volume failing to decrease by >50% 
from baseline. All 3 patients subsequently 
improved with continued drainage and 
medical therapy, without the need for any 
additional invasive intervention.

Early percutaneous catheter removal was 
therefore successful in 36 patients (90%). The 

Table 1:  Baseline characteristics

Variables N = 40

Age (years)# 46.6 ± 10.5
Males, n (%) 36 (90%)

Alcoholics, n (%) 26 (65%)
Clinical features

Fever, n (%) 38 (95%)

Duration of fever (days)* 10.0 (4.8–13.2)

Abdominal pain, n (%) 40 (100%)

Duration of pain (days)* 10.0 (5.0–16.0)

Diarrhea, n (%) 6 (15%)

Anorexia, n (%) 22 (55%)

Tender hepatomegaly, n (%) 40 (100%)
Comorbidities

Diabetes mellitus, n (%) 4 (10.0%)

Investigations (at admission)
Hemoglobin (gm/dL)* 9.2 (7.2–11.2)

Total leukocyte count (number/µL)* 13.8 (11.8–15.7)

Erythrocyte sedimentation rate (mm after 1 hour)* 50.0 (34.0–64.0)

C-reactive protein (mg/L)* 33.5 (18.0–53.3)

Bilirubin (mg/dL) 1.4 (1.3–2.1)
Abscess characteristics

Single abscess, n (%) 32 (80%)

Multiple abscesses, n (%) 8 (20%)

Right lobe location, n (%) 30 (75%)

Left lobe location, n (%) 4 (10%)

Both lobe location, n (%) 6 (15%)

Mean abscess size (cm)* 10.0 (5.8–13.0)

Baseline abscess size >10 cm, n (%) 25 (62.5%)
Indication of abscess drainage

Left lobe abscess, n (%) 10 (25.0%)

Impending rupture, n (%) 8 (20%)

Size >5 cm, n (%) 36 (90%)

Lack of response to medical therapy, n (%) 22 (55%)

>1 indication, n (%) 30 (75%)

*Median (interquartile range); #Mean ± standard deviation
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to 4.9 ± 2.7 cm at 2 weeks and further to 
3.0 ± 1.7 cm at 1 month (p < 0.001). Some 
residual cavities may eventually evolve 
into simple hepatic cysts that can persist 
indefinitely.21

Importantly, support for using partial 
radiological resolution as a clinically 
meaningful endpoint also comes from 
earlier prospective observations on the 
natural history of amebic liver abscess. In 
a large longitudinal cohort, clinical and 
hematological recovery occurred rapidly, 
whereas sonographic resolution was 
substantially delayed and often incomplete 
for several months.22 A subset of patients 
demonstrated an early reduction in cavity 
volume to approximately 50% of baseline, 
followed by a prolonged phase of slow 
radiological regression without relapses 
or the need for additional therapy. These 
findings indicate that once a critical reduction 
in abscess volume is achieved, subsequent 
cavity resolution follows a benign course, 
thereby providing biological justification for 
the 50% volume reduction threshold used in 
our protocol.

Given that ALA is predominantly a 
medically managed condition, the primary 
role of drainage is to accelerate clinical 
recovery and prevent complications such as 
impending rupture.3,7 Complete radiological 
resolution is therefore not essential for 
successful management. In this context, the 
threshold of a 50% reduction in cavity volume 
used in our protocol was sufficient to ensure 
safety, particularly in patients with larger 
abscesses.

Key strengths of this study include its 
prospective design, exclusive inclusion 
of confirmed ALA cases, and complete 
follow-up, which minimized heterogeneity 
seen in earl ier studies that included 
abscesses of mixed or uncertain etiology. 
In addition, catheter removal was guided 
primarily by clinical improvement rather 
than radiological resolution. Despite residual 
cavities in most patients, there was no need 
for rehospitalization, repeat drainage, or 
surgery, and hospital stay was short.

However, certain limitations must be 
acknowledged. The relatively small sample 
size and lack of a comparator group limit 
generalizability, as our protocol was not 
directly contrasted with alternative catheter 
management strategies. Additionally, as a 
tertiary referral center, many patients had 
received antibiotics prior to presentation, 
which may have influenced outcomes.23 
Larger multicenter randomized controlled 
trials are therefore required to validate the 
routine use of early catheter removal in the 
management of amebic liver abscess.

This streamlined strategy translated 
into a markedly shorter median hospital 
stay of 3 days, compared with the 9–20 day 
range reported in the meta-analysis by Cai 
et al.18 Early discharge was feasible because 
decisions regarding catheter removal and 
hospitalization were guided by clinical 
recovery rather than persistence of residual 
cavities on imaging, allowing safe transition to 
outpatient follow-up once patients stabilized.

Notably, none of the patients in our 
cohort required catheter manipulation 
or repositioning, even in the presence 
of multiloculated cavities. Prior studies 
have demonstrated that single-catheter 
drainage is often sufficient in multiloculated 
ALA, with internal septations representing 
necrotic inflammatory stroma rather than true 
compartmentalization.19,20 Our observations 
further support this concept, indicating that 
aggressive interventional strategies are rarely 
necessary in uncomplicated disease.

Residual cavit ies were f requently 
observed in our cohort but proved to be 
clinically insignificant. Serial ultrasonography 
demonstrated progressive regression of 
these cavities without any increase in size 
or recurrence of symptoms. At 1-month 
follow-up, approximately 15% of patients 
showed complete radiological resolution, 
while the remaining 85% continued to 
demonstrate gradual reduction in cavity 
size. The mean abscess diameter decreased 
significantly from 6.5 ± 3.3 cm at discharge 

Despite this, reported catheter duration and 
hospital stay remained longer than in the 
present study.12,16

More recently, a multicenter prospective 
study by Goyal et  al. evaluated catheter 
removal using a composite of sustained 
clinical recovery and low drainage output, 
rather than complete radiological resolution.17 
Using this framework, catheter removal 
was achieved after a median of 5 days, 
even though residual cavities persisted in 
the majority of patients. This observation 
supports the broader principle that residual 
imaging abnormalities, in isolation, should not 
mandate prolongation of catheter drainage.17

In contrast, our study employed a 
simplified, clinically driven protocol that 
prioritized early symptomatic improvement 
combined with a predefined reduction 
in abscess volume, without requiring a 
minimum period of negligible drain output or 
radiological resolution. Using this approach, 
the median catheter duration was limited 
to only 3 days, which is substantially shorter 
than that reported in earlier studies.8,9,12,16,17 
In our experience, the majority of drainage 
occurs within the first few days of PCD 
placement, after which output declines 
sharply despite the persistence of residual 
cavities. This observation led us to question 
the physiological necessity of prolonged 
catheter retention and to systematically 
evaluate the safety and outcomes of an early 
catheter removal strategy.

Table 2:  Outcomes

Variables N = 40

Time until the normalization of
Fever (days)* 2.0 (1.0–3.0)

Abdominal pain (days)* 3.0 (2.0–5.0)

Quantity of fluid drained (mL)* 287.5 (75.0–752.5)

Time until the pigtail removal (days)* 3.0 (2.0–5.0)
Complications

No complication seen, n (%) 38 (95.0%)

Moderate-to-severe pain at catheter site, n (%) 2 (5%)

Continuous bile leak, n (%) 1 (2.5%)
Catheter removal status at 72 hours

Met predefined criteria for catheter removal, n (%) 36 (90%)

Did not meet criteria at 72 hours, n (%) 4 (10%)
Reasons for delayed eligibility

Bile leak, n (%) 1 (2.5%)

Persistent fever with <50% volume reduction, n (%) 3 (7.5%)

Duration of hospitalisation (days)* 3.0 (2.0–7.0)
Residual abscesses

At the time of pigtail removal, n/N (%) 38/40 (95%)

Follow-up at 2 weeks after discharge, n/N (%) 35/40 (87.5%)

Follow-up at 1 month after discharge, n/N (%) 33/40 (82.5%)

*Median (interquartile range)
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Co n c lu s i o n

In conclusion, early removal of percutaneous 
catheters in patients with uncomplicated 
ALA was safe and effective in most cases, 
facilitated earlier discharge, and reduced 
the length of hospitalization. Residual 
cavities were frequently present at the time 
of catheter removal but followed a benign 
clinical course and did not require additional 
intervention.
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Review Article

Ab s t r ac t
Obesity is a complex and chronic public health challenge that reflects deep-rooted social, 
economic, and environmental determinants rather than solely individual choices. Its global 
prevalence has risen sharply over recent decades, affecting more than one in eight people 
worldwide, with a growing burden in low- and middle-income countries. This paper explores 
obesity as a complex and growing public health challenge that extends beyond individual 
behavior. It highlights the social, economic, and environmental factors driving the epidemic, with 
a focus on the Indian context where undernutrition and overnutrition coexist. Recent research, 
population data, and policy reports were reviewed to analyze current trends, determinants, and 
the limitations of traditional measures such as the body mass index (BMI). Particular attention 
was given to South Asian populations, who are prone to obesity-related diseases at lower BMI 
thresholds. Global obesity rates have risen sharply, now affecting more than one in eight people, 
with a marked increase in low- and middle-income countries. In India, urbanization, sedentary 
lifestyles, and the easy availability of ultraprocessed foods have accelerated the problem across 
all age groups. The COVID-19 pandemic worsened the situation through reduced physical activity, 
stress, and food-system disruptions. Conventional BMI measures underestimate true metabolic 
risk in South Asians, underscoring the need for more nuanced diagnostic approaches. Obesity 
adds significantly to the burden of noncommunicable diseases and demands multisectoral action 
through healthier food policies, physical activity promotion, and early prevention. Integrating 
these strategies into health systems is vital to reduce its long-term impact.
Keywords: Body mass index, Noncommunicable diseases, Nutrition transition, Obesity, 
Public health.
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calorie availability to combat undernutrition 
might inadvertently exacerbate obesity if 
they promote access to cheap, unhealthy, 
calorie-dense but nutrient-poor foods. 
This situation demands highly nuanced, 
integrated nutrition policies that address 
both ends of the malnutrition spectrum 
simultaneously. The focus must shift toward 
ensuring access to nutrient-dense, healthy 
food for all, rather than merely focusing on 
calorie sufficiency. Such integrated strategies 
are crucial for developing effective and 
sustainable responses to India’s unique public 
health landscape.

Mat e r i a l s a n d Me t h o d s

A systematic and comprehensive search of 
the literature was conducted across major 
electronic databases, including PubMed and 
Google Scholar, to capture gray literature 
and policy documents. The search covered 
studies published between 2010 and 
2025, ensuring inclusion of contemporary 
perspectives shaped by recent developments 
such as urbanization, lifestyle changes, and 
the COVID-19 pandemic. Keywords and 
combinations such as “obesity,” “public 
health,” “determinants,” “India,” “policy 
response,” and “epidemiology” were used. 
Reference lists of key papers were also 
screened to identify additional relevant 
sources.

Studies were included if they addressed 
obesit y f rom a population or polic y 
perspective, examined determinants such 
as diet, physical activity, environment, 
or socioeconomic context, or discussed 
frameworks for prevention and management. 
Articles focusing solely on pharmacological or 
surgical interventions, or those unrelated to 
human populations, were excluded.

In t r o d u c t i o n

The escalating prevalence of obesity 
worldwide necessitates a fundamental 

reevaluation of its underlying causes and 
appropriate public health responses. For 
too long, the discourse surrounding obesity 
has narrowly focused on individual dietary 
choices and physical activity levels, implicitly 
assigning blame to those affected. However, a 
critical public health perspective reveals that 
obesity is far more complex than a simple 
matter of personal willpower. The World 
Health Organization (WHO) defines obesity 
as “abnormal or excessive fat accumulation 
that may impair health.”1 This definition, while 
foundational, must be understood within a 
broader context that recognizes obesity as 
a “complex, heterogeneous, chronic, and 
progressive disease.” However, obesity is a 
complex, chronic disease driven by systemic 
issues economic, social, and political rather 
than merely a consequence of individual 
choices.2

The global burden of obesity presents an 
alarming trajectory. In 2016, over 1.9 billion 
adults were classified as overweight, with 
650 million of these categorized as obese. 
Projections indicate that by 2030, more than  
1 billion people worldwide will be obese.3 
More recent data suggest that obesity 

now affects more than one in eight people 
globally.1,4 A particularly concerning aspect of 
this epidemiological shift is the rapid increase 
in low- and middle-income countries (LMICs). 
This trend is accompanied by significant 
disparities in prevalence across different 
socioeconomic strata, notably affecting 
women more profoundly.5 The prevalence 
of childhood obesity has also surged, with 
an estimated 39 million children under 
five being overweight or obese in 2022. 
Alarmingly, obesity rates among adolescents 
have quadrupled since 1980.6,7 According to 
the National Family Health Survey (NFHS-5, 
2019–21), 24% of women and 22.9% of men 
aged 15–49 years were overweight or obese, 
a notable increase from previous surveys in 
India.8 The Comprehensive National Nutrition 
Survey (CNNS) of children and adolescents 
further revealed that approximately 5% of 
children aged 5–19 years were obese.9

T h i s  n u t r i t i o n a l  d u a l i t y,  w h e r e 
undernutrition and overnutrition coexist 
within the same communities and even 
households, creates a highly intricate policy 
environment. Interventions designed to 
address one form of malnutrition could 
inadvertently worsen the other if not 
meticulously planned and implemented. 
For instance, strategies focused on increasing 
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Evolving Diagnostic Paradigms: 
Toward Clinical and Preclinical 
Obesity
Recognizing the limitations of BMI, a more 
accurate and clinically relevant approach 
to diagnosing obesity is emerging.16 A new 
diagnostic paradigm proposed by the Lancet 
Diabetes and Endocrinology Commission 
moves beyond BMI to focus on other measures 
of body fat and objective signs and symptoms 
of ill health. This new approach introduces 
two distinct categories: preclinical and clinical 
obesity. Preclinical obesity is a condition 
where an individual has excess body fat 
but does not yet show signs of illness or 
organ dysfunction. These individuals can 
carry out daily activities normally, but they 
are at a higher risk of progressing to clinical 
obesity and developing conditions such as 
cardiovascular disease, type 2 diabetes, and 
certain cancers. In contrast, clinical obesity 
is recognized as a chronic disease in which 
obesity itself causes noticeable symptoms 
and reduced organ or tissue function. 
People with clinical obesity may experience 
breathlessness, joint pain, or metabolic 
abnormalities, and may have dysfunctions in 
systems such as the heart, lungs, kidneys, or 
reproductive organs, impacting their quality 
of life and daily functioning. This distinction 
is vital for tailoring interventions and resource 
allocation more effectively.

Table 1 visually demonstrates how relying 
on BMI alone can lead to misclassification, 
either overdiagnosing individuals with high 
muscle mass or underdiagnosing those with 
excess fat but a lower BMI. It clearly illustrates 
the two new categories - preclinical and 
clinical obesity and how they are determined 
by both body fat and health status. However, 
there is another paradigm is metabolically 
healthy obesity (MHO). It refers to a condition 
in which individuals classified as obese 

fat distribution, particularly harmful visceral 
fat around internal organs, which is more 
strongly associated with metabolic risks. This is 
particularly relevant for non-White populations, 
such as Asians, who may experience obesity-
related health consequences at lower BMI 
ranges due to higher visceral fat accumulation, 
a phenomenon known as the Yajnik–Yudkin 
(Y–Y) paradox.13

To overcome the primary weakness 
of BMI as an assessment tool for obesity, 
assessing body compartments through 
multi- or compartmental models is essential 
for accurately understanding and managing 
obesity, far beyond what simple metrics such 
as BMI can reveal. Classic two-compartment 
models distinguish between fat mass and 
fat-free mass, but they often mask key 
differences in the distribution of water, 
bone, and protein. More advanced models 
such as the six-compartment model using 
in vivo neutron activation analysis offer the 
precision necessary to evaluate total body fat 
more reliably, serving as a gold standard for 
comparing other methods (Fig. 1).14

The redefinition of treatment success is a 
profound implication of this new diagnostic 
paradigm. The primary goal of care when 
treating obesity is health gain, with weight 
loss serving as a surrogate marker of treatment 
ef fectiveness. This means that success 
in management should be assessed by 
the improvement or reversal of signs and 
symptoms, and the regaining or improvement 
of functions, rather than solely by measures 
of weight loss.15 If health systems continue to 
prioritize BMI reduction as the sole measure 
of success, they risk overlooking meaningful 
health improvements in patients who do not 
achieve large weight losses, or conversely, 
failing to address underlying health issues in 
those who lose weight but still experience 
organ dysfunction.

Re s u lts

Critical Examination of Obesity 
Definition and Diagnosis
Body mass index (BMI), calculated as weight in 
kilograms divided by the square of height in 
meters (kg/m²), remains the most commonly 
used indicator for classifying overweight and 
obesity, with a BMI of ≥30 kg/m² generally 
considered obese.10 For South Asians, the 
cut-off values for central obesity and related 
anthropometric indicators are generally lower 
due to their higher risk of cardiometabolic 
diseases at lower body fat levels. The 
recommended values are as follows:11

•	 Stage 1 obesity is characterized by 
increased adiposity (BMI ≥23 kg/m²) 
without noticeable impairment of organ 
function or limitations in daily activities. 
Stage 2 obesity represents a more advanced 
state with generalized and abdominal 
fat accumulation, adversely affecting 
physical and organ functions, leading to 
restrictions in day-to-day activities and the 
development of comorbid conditions.12

•	 The classif ication of stage 2 obesity 
requires a BMI ≥23 kg/m² (as per South 
Asian cut-offs, where ≥23 kg/m² indicates 
overweight and ≥25 kg/m² indicates 
obesity), along with at least one of the 
following indicators of excess adiposity:
	º Waist circumference (WC): ≥90 cm for 

men, ≥80 cm for women.
	º Waist-to-hip ratio (WHR): >0.90 for men, 

>0.80 for women.
	º Body fat percentage: >25% in men, 

>32% in women.
Additionally, the presence of one or more 
symptoms reflecting functional limitations 
in daily activities or one or more obesity-
related comorbidities is required to support 
the diagnosis of stage 2 obesity.

Body mass index is a simple and widely 
used tool to classify individuals based on weight 
relative to height, but it has several limitations. 
BMI cut-offs were originally developed based on 
European populations and may not accurately 
capture obesity-related risks in other ethnic 
groups, such as South Asians, who face higher 
health risks at lower BMI levels. It also overlooks 
factors like age, sex, body composition, and 
fitness level, limiting its effectiveness as a 
standalone tool for assessing individual health 
risk. The primary weakness in BMI measurement 
is that it does not differentiate between fat 
mass and muscle mass, which can lead to 
misclassification–muscular individuals may be 
labeled as overweight or obese, while people 
with high body fat but low muscle mass 
(e.g., in sarcopenic obesity) may fall within a 
“normal” BMI range. BMI also does not reflect Fig. 1: Body compartment model for obesity assessment14. *Siri model; **DXA model
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strategies that favor unhealthy options, ever-
expanding portion sizes, high energy density, 
and the widespread ultraprocessing of foods 
and artificial sweeteners.24–26 The influence 
of large commercial interests extends beyond 
marketing to actively shape the policy 
environment. “Food industry lobbying against 
regulations” is identified as a significant 
challenge.27 This consistent emphasis across 
multiple authoritative sources indicates that 
commercial entities are not just influencing 
individual choices but are actively shaping 
the obesogenic environment and hindering 
effective public health policy.

Childhood and Adolescent Obesity: 
A Public Health Catastrophe
Childhood and adolescent obesity represent 
an urgent public health concern due to 
its rapid escalation and profound long-
term implications for future generations. 
The rates of obesity among adolescents 
have quadrupled since 1980.28 This trend is 
particularly alarming because overweight 
children are highly likely to remain obese 
into adulthood, leading to the earlier onset 
of chronic diseases typically associated with 
adult obesity. The factors contributing to 
childhood obesity are complex, involving a 
mix of genetic susceptibility, poor dietary 
habits, insufficient physical activity, and 
adverse socio-environmental influences. 
Early-life exposures play a critical role; for 
instance, epigenetic changes occurring in 
utero due to maternal obesity or malnutrition 
(as posited by the Barker hypothesis) can 
predispose individuals to obesity later in life. 
Maternal health, including prepregnancy 
weight, gestational diabetes, and nutritional 
status, plays a crucial role in shaping fetal 
metabolism and future obesity risk. In 
infancy, breastfeeding, timely and appropriate 
complementary feeding, and avoiding rapid 
weight gain are protective. As children grow, 
dietary habits, physical activity levels, screen 

or malnutrition (as posited by the Barker 
hypothesis), can predispose individuals to 
obesity and related metabolic diseases later in 
life. Sedentary behavior, excessive screen time, 
irregular sleep patterns, and stress-related 
eating are significant contributors. Diets rich 
in sugar, saturated fats, and ultraprocessed 
foods are prevalent in both urban and rural 
settings.20,21

Socioeconomic status (SES) profoundly 
influences the prevalence and trajectory 
of obesity. While historically associated 
with af f luence, obesity rates are now 
increasingly observed in lower-income 
and rural populations, often due to the 
greater availability and affordability of cheap, 
unhealthy foods. This creates a paradox where 
poverty, traditionally linked to undernutrition, 
now also drives obesity, forming a “poverty-
obesity trap.”22 This is particularly evident in 
LMICs, where more than half of the global 
rise in mean BMI between 1985 and 2017 was 
attributed to increases in rural areas, with 
BMI rising faster in rural than urban settings 
(Fig. 2).23

The food industry’s aggressive marketing 
of calorie-dense, nutrient-poor products, 
particularly targeting children through digital 
media, is a major concern. These commercial 
determinants include increased food 
availability, strategic food marketing, pricing 

based on body mass index (BMI) or body 
fat percentage do not exhibit the typical 
metabolic abnormalities associated with 
obesity, such as insulin resistance, high blood 
pressure, dyslipidemia, or elevated blood 
glucose levels. These individuals generally 
have a favorable metabolic profile, including 
normal insulin sensitivity, healthy lipid levels, 
and absence of metabolic syndrome, and may 
possess less visceral fat despite having overall 
high adiposity. However, MHO is considered 
a transient and potentially unstable state, 
as many individuals may transition to a 
metabolically unhealthy status over time. 
It signals a necessary shift in how obesity is 
identified and managed at a population level, 
moving toward a more precise and health-
outcome-oriented approach.

Obesogenic Environment: Systemic 
Determinants and Commercial 
Influences
While environmental and systemic factors 
play a dominant role in the obesity epidemic, 
biological and behavioral elements provide 
a foundational context. Obesity has a strong 
genetic component, with twin, family, and 
adoption studies estimating that 40–70% of 
variation in BMI is heritable.17–19 Furthermore, 
epigenetic changes, particularly those 
occurring in utero due to maternal obesity 

Table 1:  Traditional vs new clinical obesity diagnosis16

BMI (kg/m²) Excess body fat Muscle mass Signs/symptoms?* Old diagnosis New diagnosis

1 28.2 Yes Normal/Low No Overweight Underdiagnosis of obesity (Preclinical obesity)
2 30.1 No High No Obesity Overdiagnosis of obesity (No obesity)
3 36.2 Yes Normal/Low No Obesity Preclinical obesity
4 36.2 Yes Normal/Low Yes Obesity Clinical obesity
5 23.7 No Normal/High No No obesity No obesity
6 28.8 No Normal No Overweight No obesity
7 28.8 Yes Normal/Low No Overweight Preclinical obesity
8 32.4 No High No Obesity No obesity
9 39.2 Yes Normal/Low No Obesity Preclinical obesity

10 39.2 Yes Normal/Low Yes Obesity Clinical obesity

*Signs and symptoms of organ dysfunction due to excess body fat

Fig. 2: Obesogenic environment (Illustrated based on the text)
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between obesity and depression highlights 
its profound impact on both physical and 
psychological health, ultimately reducing 
overall quality of life (Fig. 3).33–37

The economic burden of obesity is 
substantial, imposing signif icant strain 
on healthcare s ystems and national 
economies worldwide. Beyond direct medical 
expenditures, there are considerable indirect 
costs, including loss of productivity due to 
illness, disability, and premature mortality. 
Globally, the current estimated economic 
costs of obesity are approximately 2.8% of the 
world’s gross domestic product (GDP). In low-
resource settings, such as India, the financial 
impact is particularly severe, as out-of-pocket 
expenditure for healthcare services further 
exacerbates financial stress on individuals 
and families.38

Prevention of Obesity
Obesity prevention requires early and 
sustained efforts through healthy eating, 
regular physical activity, behavior change, and 
supportive environments. In children, family-
based dietary changes, reduced screen time, 
and daily exercise are essential, while adults 
benefit from portion control, whole foods, 
and consistent physical activity. Promoting 
lifelong healthy habits is key to reducing 
obesity risk.39 Breastfeeding plays a critical 
role in preventing childhood obesity, offering 
both immediate and long-term protective 
effects.40 Exclusive breastfeeding for the first 
six months, as recommended by the WHO and 
UNICEF, and continued breastfeeding along 
with appropriate complementary foods, has 
been shown to lower the risk of obesity and 
related metabolic disorders later in childhood 
and adolescence (Table 2).41,42

Various national and global initiatives 
have been launched to combat obesity. In 
India, programs such as Poshan Abhiyaan 
(combating malnutrition through awareness), 
Eat Right India (promoting healthy eating and 
food safety), Fit India Movement (encouraging 
physical activity), and Khelo India (enhancing 
sports infrastructure) represent significant 
efforts. Globally, frameworks such as the WHO 

weight gain.32 Health services were diverted 
toward pandemic response, disrupting 
routine obesity prevention, screening, and 
management efforts. Moreover, people with 
obesity faced higher risks of severe COVID-19 
outcomes, including hospitalization, ICU 
admission, and mortality, highlighting the 
need for integrated obesity care in future 
health preparedness strategies.

Consequences of Obesity
Obesity significantly contributes to the 
global burden of noncommunicable diseases, 
increasing the risk of type 2 diabetes, 
hypertension, heart disease, stroke, MASLD, 
and chronic kidney disease. Visceral fat 
promotes insulin resistance and inflammation, 
while excess weight stresses joints, leading 
to osteoarthritis. Obesity also impacts 
reproductive health, causing PCOS, infertility, 
and pregnancy complications. Beyond 
physical health, obesity affects mental 
well-being, with stigma and discrimination 
contributing to depression, anxiety, and low 
self-esteem. This bidirectional relationship 

time, and family and school environments 
significantly influence their weight trajectory. 
During adolescence, hormonal changes, 
increased autonomy, peer influence, mental 
health issues, and body image concerns 
further impact behaviors related to food and 
physical activity.29–31 Since obesity during 
childhood and adolescence often tracks into 
adulthood, leading to chronic diseases such as 
diabetes and cardiovascular conditions, early 
and sustained interventions are vital.

Impact of COVID-19 on Obesity
The COVID -19 pandemic signif icantly 
wo r s e n e d th e gl o b al  o b esi t y  cr is is . 
Lockdowns, school closures, and restrictions 
on movement led to reduced physical 
activity and increased sedentary behavior, 
especially among children and adolescents. 
Simultaneously, increased stress, anxiety, 
and disrupted routines contributed to 
emotional eating and greater consumption 
of unhealthy, processed foods. Limited access 
to fresh produce, irregular meal patterns, 
and screen-time overload further fueled 

Psychological Complications
• Anxiety
• Depression
• Eating disorders

Metabolic Complications
• Hypertension
• Type 2 Diabetes
• Cardiovascular disease
• Gout
• Hyperlipidemia
• Cancer

Mechanical Complications
• Osteoarthritis
• Gastroesophageal reflux 
  disease
• Obstructive sleep apnea
• Urinary incontinence

Obesity

Fig. 3: Complications of obesity

Table 2:  Levels of prevention in obesity as per Leavell and Clark model 

Level of prevention Goal Key strategies
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programs
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to clinical obesity
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Tertiary prevention Manage established obesity and 
prevent complications

Pharmacotherapy, bariatric surgery, clinical management to improve quality 
of life
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labeling, and restrictions on digital marketing 
to children to reduce exposure to unhealthy 
products. Additionally, subsidies should shift 
from harmful commodities to nutritious foods 
and sustainable infrastructure to combat the 
Global Syndemic.
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Ab s t r ac t
Background: Glucagon-like peptide-1 (GLP-1) receptor agonists (RAs) have revolutionized the 
management of type 2 diabetes mellitus (T2DM) and obesity, demonstrating robust efficacy in 
landmark trials for glycemic control, weight reduction, and cardiovascular protection. However, 
real-world discontinuation rates exceed trial-reported rates, highlighting a gap between clinical 
efficacy and practical outcomes.
Objective: This review synthesizes evidence from 2018 to 2024, including trial data, population 
studies, and registry analyses, to identify and contextualize major real-world barriers. High rates 
of gastrointestinal side effects, substantial out-of-pocket costs, and patient aversion to injectable 
formulations often result in 1-year discontinuation rates ranging from 27 to 41%. These challenges 
are compounded by heterogeneity in patient response, with predictors of successful long-
term use including higher baseline HbA1c, elevated body mass index (BMI), absence of severe 
gastrointestinal disorders, and robust early response to therapy.
Methods: A proposed clinical scoring model is presented to improve patient selection and predict 
adherence, while digital health tools and emerging combination therapies offer additional avenues 
to enhance persistence and outcomes. Despite promising advances such as dual- and triple-incretin 
agents and oral GLP-1 RA formulations, cost and access remain major hurdles.
Results: Key factors, including baseline HbA1c >8.0%, BMI >30 kg/m², absence of severe 
gastrointestinal (GI) disorders, and prior adherence success, correlate strongly with higher 
persistence. Real-world data reveal that discontinuation rates for GLP-1 receptor agonists remain 
high, with 1-year discontinuation ranging from approximately 28% to around 41%, depending 
on the patient population and indication. Discontinuation is more common among patients 
using GLP-1 RAs for obesity without diabetes, reaching rates above 50% in some cohorts. The 
primary reasons for stopping therapy include gastrointestinal side effects, reported in over 25% of 
discontinuations, high medication costs, and issues with insurance coverage or medication access. 
Persistence is generally higher among patients with T2DM, those with higher baseline BMI, and 
those who experience greater early weight loss or favorable tolerability, while frequent adverse 
effects and logistical barriers contribute to poorer long-term adherence. Although emerging 
clinical tools and digital health interventions are proposed to help address these barriers, further 
prospective data are needed to quantify their impact on persistence at scale.
Conclusion: Bridging trial evidence with real-world practice requires proactive candidate profiling 
and side-effect management. Combining predictive scoring, artificial intelligence (AI)-supported 
adherence tools, and emerging dual-incretin agents may transform GLP-1 RA therapy from short-
term use to durable metabolic benefit.
Keywords: Glucagon-like peptide-1 receptor agonists, Glycated hemoglobin, Obesity, Predictive 
success, Type 2 diabetes mellitus.
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patient response, driven by factors such as 
baseline glycemic control, visceral adiposity, 
and comorbid conditions, further complicates 
their widespread adoption.

This review critically examines the real-
world challenges of GLP-1 RA therapy, proposes 
a predictive framework for identifying ideal 
candidates, and explores emerging solutions, 
including the integration of digital health 
tools and novel combination therapies. By 
addressing these limitations, health care 
providers can enhance adherence, improve 
long-term outcomes, and ensure more 
effective utilization of these potent therapies.

Ch a l l e n g e s i n Rea  l-wo r l d 
Glu c ag o n-l i k e Pe p t i d e-1 
Re c e p to r Ag o n i s ts

While GLP-1 RAs have demonstrated 
signif icant ef f icac y in cl inical  tr ials , 
their real-world application is hindered 
by several challenges. These issues span 
patient adherence, drug tolerabilit y, 
financial accessibility, and the presence of 
comorbid conditions that may limit eligibility. 
Understanding and addressing these barriers 
are critical to optimizing the long-term 
success of GLP-1 RA therapy.

Adherence and Persistence: The 
Dropout Problem
Adherence to GLP-1 RAs in real-world settings 
is significantly lower than in clinical trials. 
Studies report discontinuation rates of up 
to 28% within 6 months and poor 1-year 
persistence, with only 59% of patients 
continuing therapy.3,6 The main reasons for 
this include:

Gastrointestinal side effects: Nausea, 
vomiting, and diarrhea are the most common 

In t r o d u c t i o n: Th e Pr o m i s e 
a n d Ch a l l e n g e s of  
Glu c ag o n-l i k e Pe p t i d e-1 
Re c e p to r Ag o n i s ts

Type 2 diabetes mellitus (T2DM) and 
obesity are major global health concerns, 

with their prevalence continuing to rise 
despite advances in therapeutic options. 
Glucagon-like peptide-1 (GLP-1) receptor 
agonists (RAs) have emerged as a cornerstone 
in the management of these conditions, 
of fering benef its that extend beyond 
glycemic control to include signif icant 
weight loss and cardiovascular protection. 

Drugs such as semaglutide, liraglutide, and 
dulaglutide have demonstrated efficacy 
in landmark clinical trials such as LEADER, 
SUSTAIN, and AWARD-7, reinforcing their role 
in reducing major adverse cardiovascular 
events and improving metabolic health.1,2

Despite their strong evidence base, 
translating these benefits from controlled 
clinical trials to real-world practice presents 
substantial challenges. Discontinuation rates 
for GLP-1 RAs is consistently higher than trial 
dropout rates, because of a combination 
of gastrointestinal side effects, high costs, 
and patient reluctance toward injectable 
formulations.3–5 Additionally, variability in 
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Score 4–6 → Moderate benefit expected. 
Requires patient education and close 
monitoring for side effects.

Score 0–3 → Low likelihood of success. 
Alternative therapies should be considered.

Score ≤−1 → High risk of adverse effects 
and treatment failure. Strong recommendation 
for alternative treatment strategies.

Strengthening the Predictive Model 
with Real-world Evidence
While the above framework is based on 
clinical experience and trial data, its real-world 
application needs further validation through 
observational studies. Potential areas for 
improvement include:

Longitudinal tracking of patients to assess 
real-world persistence beyond 6 months.

Digital health integration, using artificial 
intelligence (AI)-driven models to refine 
predictions based on patient adherence data.9

Incorporating genetic and gut microbiome 
profiling, which may provide additional 
insights into therapy responsiveness.

The Role of Digital Health in 
Enhancing Glucagon-like Peptide-1 
Receptor Agonists Therapy
Emerging evidence supports the use of 
digital health tools to improve adherence and 
treatment outcomes. These include:

Real-time glucose monitoring [continuous 
glucose monitoring (CGM)]—Helps track 
glycemic trends and ensures early intervention.

AI-driven patient support apps (MySugr, 
Carb Manager)—Provide tailored dietary and 
lifestyle recommendations.

Telemedicine and virtual coaching—
Address patient concerns, encourage 

weight loss response, making them ideal 
candidates for this therapy.

Visceral adiposity: Patients with central 
obesity often experience better metabolic 
outcomes than those with peripheral 
adiposity.

Comorbidities: The presence of advanced 
chronic kidney disease (CKD) or severe 
gastrointestinal disorders may limit therapy 
options.2

The AWARD -7 tr ial  demonstrated 
dulaglutide’s renal benefits in patients with 
diabetes and CKD, making it a preferred 
option in this subgroup.2 However, patients 
with gastroparesis, GERD, or IBS face a higher 
risk of symptom exacerbation and therapy 
discontinuation.

Pr e d i c t i n g Su cc e s s i n 
Glu c ag o n-l i k e Pe p t i d e-1 
Re c e p to r Ag o n i s t s 
Th e r a py–A Sco r i n g Mo d e l 
fo  r Cl i n i c a l De c i s i o n-
m a k i n g

Given the variability in patient response, a 
predictive framework can help clinicians identify 
ideal candidates for GLP-1 RA therapy and 
mitigate risks associated with discontinuation. 
The proposed scoring system in Table  1 
incorporates metabolic, psychological, and 
gastrointestinal factors to estimate treatment 
success.

Interpretation
Score ≥7 → High likelihood of successful 
therapy. Strong candidate for GLP-1 RA 
therapy.

adverse events, occurring in 20–30% of 
patients and often leading to premature 
discontinuation.4,7

Cost and insurance coverage: GLP-1 RAs 
are expensive, with out-of-pocket costs acting 
as a major deterrent. A cost-effectiveness 
analysis indicated that oral semaglutide was 
unlikely to be cost-effective unless prices 
were significantly reduced.5 Insurers remain 
hesitant to cover these medications, especially 
for obesity treatment alone.

Injection aversion: Despite the availability 
of oral semaglutide, many patients remain 
reluctant to start or continue injectable GLP-1 
RAs.

Dosing frequency: Weekly formulations 
such as semaglutide and dulaglutide show 
better adherence compared with daily 
regimens, with 12-month persistence rates of 
approximately 55–60%.3

Addressing these issues requires patient 
education, gradual dose titration, and the use 
of digital health tools to track adherence and 
reinforce treatment benefits.

Tolerability Issues: Managing Side 
Effects to Improve Persistence
The most frequently reported side effects, 
nausea, vomiting, diarrhea, and abdominal 
pain, are linked to GLP-1 receptor activation in 
the gastrointestinal tract, leading to delayed 
gastric emptying.4,7 Strategies to improve 
tolerability include:

Gradual dose escalation: Starting with 
a lower dose and titrating upward over  
4 – 8  w e e k s  s i g n i f i c a n t l y  r e d u c e s 
gastrointestinal side effects.7

Proactive patient education: Patients who 
are informed about expected side effects 
and management strategies (e.g., taking the 
medication with food and avoiding large 
meals) are less likely to discontinue treatment 
prematurely.

Individualized therapy selection: Patients 
with a history of gastroesophageal reflux 
disease (GERD), irritable bowel syndrome 
(IBS), or gastroparesis are at a higher risk of 
experiencing intolerable gastrointestinal (GI) 
symptoms and may not be ideal candidates 
for GLP-1 RAs.7

Patient Selection: Who Benefits the 
Most?
The response to GLP-1 RA therapy is not 
uniform across all patients. Studies suggest 
that outcomes are influenced by baseline 
metabolic characteristics, including:

Baseline HbA1c: Higher HbA1c levels 
(>8.0%) predict greater glycemic benefit from 
GLP-1 RAs.

Body mass index (BMI): Patients with BMI 
>30 kg/m² tend to have a more pronounced 

Table 1:  GLP-1 RA therapy success score

Factor Score (–2 to +2) Rationale

Baseline HbA1c >8.0% +2 Greater glycemic improvement 
potential

BMI >30 kg/m² +2 Stronger weight loss benefits, better 
metabolic outcomes

Visceral adiposity presence +1 Correlates with enhanced response to 
GLP-1 RAs

No prior GLP-1 RA failure +1 Higher adherence likelihood if no past 
discontinuation due to intolerance

No severe GI disorders (GERD, 
IBS, gastroparesis)

+2 Lower dropout risk due to GI side 
effects7

No history of eating disorders +1 Reduces psychological barriers to 
adherence8

No severe anxiety/depression +1 Improved adherence and persistence8

History of severe GI disorders –2 Increased risk of treatment 
discontinuation

History of eating disorders –1 Increased risk of poor adherence and 
negative psychological impact

Severe depression or anxiety –2 Higher risk of therapy discontinuation8
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affordability strategies, health care providers 
can optimize treatment success and ensure 
that GLP-1 RAs fulfill their potential as a 
cornerstone therapy for metabolic disease.
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particularly in regions where insurance 
coverage is limited. Economic analyses 
suggest:

Cost per quality-adjusted life year 
(QALY): GLP-1 RAs become cost-effective 
when reducing hospitalization rates and 
cardiovascular events.11

Co m p a r a t i v e  co s t- e f f e c t i v e n e s s : 
Tirzepatide’s enhanced efficacy may justify 
its cost premium over semaglutide.12

Health p ol ic y impac t :  E xpanding 
insurance coverage and negotiating drug 
prices are crucial for improving access to these 
life-changing therapies.

Key Takeaways: Translating Clinical 
Success into Real-world Impact
To maximize the success of GLP-1 RA therapy 
in routine practice, the following strategies 
must be prioritized:

Optimized patient selection—Using 
predictive models to ensure that the right 
patients receive GLP-1 RAs, improving 
outcomes and cost-effectiveness.

Proactive side effect management—
Employing dose-titration protocols and 
patient education to mitigate nausea and 
discontinuation rates.

Integration of digital health tools—
Leveraging real-time glucose monitoring, 
AI-driven coaching, and telemedicine to 
enhance adherence.

Emerging therapies and personalized 
medicine—Preparing for the future of 
multi-incretin therapy and utilizing genetic 
and metabolic profiling to personalize 
treatments.

Addressing cost barriers—Advocating 
for insurance reimbursement policies and 
alternative pricing models to improve 
affordability.

Co n c lu s i o n

GLP-1 RAs represent one of the most 
t rans formative development s  in  the 
management of T2DM and obesity, offering 
unparalleled benefits in glycemic control, 
weight loss, and cardiovascular protection. 
However, real-world challenges such as 
high discontinuation rates, tolerability 
concerns, and cost barriers necessitate a 
comprehensive, patient-centered approach.

By integrating predictive scoring models, 
digital health interventions, emerging 
combination therapies, and policy-driven 

adherence, and enable dose titration without 
frequent clinic visits.

Bio-wearables—Devices such as Fitbit and 
Apple Watch monitor metabolic parameters 
to assess therapy effectiveness.9

By integrating predictive models with 
digital health, clinicians can proactively adjust 
treatment plans and ensure better long-term 
success for GLP-1 RA therapy.

Fu t u r e Di r e c t i o n s a n d 
Co n c lu s i o n

Emerging Therapies: The Next 
Generation of Glucagon-like 
Peptide-1-based Treatments
While GLP-1 RAs have proven highly effective, 
the next wave of metabolic treatments is 
poised to further enhance efficacy, tolerability, 
and accessibility.

Dual- and Triple-Incretin Therapies
T i r z e p a t i d e  [ g l u c o s e - d e p e n d e n t 
insulinotropic polypeptide (GIP)/GLP-1 RA]: 
Clinical trials suggest greater HbA1c and 
weight reduction than semaglutide, making 
it a promising alternative.10

GLP-1/GIP/glucagon RAs: Early research 
indicates that adding glucagon receptor 
activity may improve energy expenditure 
and fat metabolism, potentially overcoming 
weight-loss plateaus.

Oral and Long-acting Injectable 
Formulations
Oral semaglutide: Despite improving 
adherence in injection-averse patients, its 
cost-effectiveness remains a concern.5

Ultra-long-acting GLP-1 RAs: Agents with 
biweekly or monthly dosing could enhance 
persistence and reduce dropout rates.

Personalized and Precision Medicine 
Approaches
Pharmacogenomics and microbiome research 
may help predict which patients respond best 
to GLP-1 therapy.

Artificial intelligence (AI) integration can 
optimize dosing schedules based on real-time 
metabolic data.9

Cost-effectiveness and Healthcare 
System Implications
The widespread adoption of GLP-1 RAs 
i s  h i n d e r e d  by  co s t  co ns i d e r at i o ns , 
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Ab s t r ac t
Rhinitis is a common inflammatory condition of the nasal mucosa. It significantly impacts a person’s 
health and quality of life. Traditionally, it is categorized as allergic rhinitis (AR) or nonallergic rhinitis 
(NAR). Recent advancements have led to a more nuanced understanding of its pathophysiology, 
classification, and management. This review emphasizes key updates over the last decade. 
The focus is on evolving concepts in phenotyping and endotyping, novel insights into disease 
mechanisms, advancements in diagnosis, and emerging therapeutic strategies, including biologics 
and targeted nerve interventions. The recognition of local allergic rhinitis (LAR), the role of innate 
immunity and epithelial barrier dysfunction, and the increasing array of precision medicine 
options underscore a paradigm shift toward personalized management. Despite these newer 
advances, challenges remain in fully characterizing NAR and optimizing therapeutic guidelines. 
This review aims to provide an overview of these transformative developments, guiding clinicians 
and researchers toward more effective and tailored approaches to treat rhinitis.
Keywords: Allergic rhinitis, Biologics, Diagnosis, Endotypes, Immunotherapy, Local allergic rhinitis, 
Nonallergic rhinitis, Phenotypes, Rhinitis, Treatment.
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Nonallergic Rhinitis Subtypes 
Refined
Nonallergic rhinitis remains a heterogeneous 
group, but recent efforts have aimed at a 
more granular classification with prognostic 
and therapeutic implications.9 Key subtypes 
gaining clearer definition include:

•	 Nonallergic rhinitis with eosinophilia 
syndrome (NARES)/eosinophilic nonallergic 
rhinitis (ENAR): Characterized by significant 
eosinophilia (typically >20%–25%) in nasal 
cytology, without systemic IgE sensitivity. 
ENAR is often associated with nasal 
polyps, asthma, and aspirin-exacerbated 
respiratory disease (AERD), suggesting a 
type 2 inflammatory endotype.10

•	 Vasomotor rhinitis (VMR)/noneosinophilic 
nonallergic rhinitis (NENAR) :  This is 
characterized by prominent congestion 
and rhinorrhea triggered by nonspecific 
stimuli (e.g., temperature changes, strong 
odors) without evidence of inflammation 
or allergy. Recent research highlights 
neurogenic inflammation and autonomic 
dysregulation as key drivers.9,11

•	 Other NAR forms: Gustatory rhinitis, drug-
induced rhinitis (e.g., from ACE inhibitors), 
hormonal rhinitis, atrophic rhinitis, and 
occupational rhinitis continue to be 
recognized based on specific etiologies.

Adva n c e m e n ts i n 
Pat h o p hys i o lo g i c a l In s i g h ts

The understanding of rhinitis pathophysiology 
has moved beyond a simple IgE-mast cell 
paradigm for AR and vague autonomic 
dysfunction for NAR. Recent research 
highlights the intricate interplay of genetic, 
environmental ,  immunological ,  and 
neurological factors.6

In t r o d u c t i o n

Rhinitis, characterized by symptoms of 
sneezing, rhinorrhea, nasal itching, and 

congestion, affects a substantial portion 
of the global population, with prevalence 
estimates varying between 10% and 40%.1 
Beyond its perceived benign nature, rhinitis 
significantly impacts quality of life, sleep, 
cognitive function, and productivity, 
and is frequently comorbid with asthma, 
conjunctivitis, and chronic rhinosinusitis.2,3 
For decades, rhinitis has been broadly 
classified into allergic rhinitis (AR), triggered 
by IgE-mediated reactions to allergens, and 
nonallergic rhinitis (NAR), encompassing 
various subtypes without a clear allergic 
etiology.4

The past decade has witnessed a rapid 
evolution in our understanding of rhinitis, 
driven by advances in molecular biology, 
immunology, and therapeutic development. 
This review aims to consolidate the most 
significant updates in rhinitis within the 
last ten years, covering re-evaluation 
of  c lass i f icat ion,  unravel ing of  new 
pathophysiological insights, refinement of 
diagnostic methods, and the emergence of 
innovative treatment modalities, including 
the burgeoning f ield of biologics and 
targeted nerve therapies. This synthesis 
provides a comprehensive over view 
for healthcare professionals navigating 
the complexit ies  of  modern rhinit is 
management.

Up dat e s i n Cl a s s i f i c at i o n, 
Ph e n ot yp e s, a n d En d ot yp e s

Traditional classification of rhinitis, primarily 
dif ferentiating AR from NAR, has been 
increasingly recognized as insufficient to 
capture the intricate heterogeneity of the 
disease. The current trend emphasizes 
phenotyping (observable characteristics) 
and endotyping (mechanistic pathways) to 
guide personalized treatment strategies.5,6

Local Allergic Rhinitis
One of the most significant advances in 
rhinitis classification is the widespread 
acceptance and characterization of local 
al lergic rhinit is  (LAR).7 LAR presents 
with classic AR symptoms triggered by 
allergens, but patients show negative 
results on standard skin prick tests and 
serum-specific IgE tests. Diagnosis relies 
on positive nasal provocation tests (NPT) 
with relevant allergens, demonstrating 
local IgE production within the nasal 
mucosa.8 Studies have elucidated the 
local immune response in LAR, involving 
mast cel ls,  eosinophils,  and T-helper 
2 ( Th2) cytokines, mirroring systemic 
AR but confined to the nasal  cavity. 
The recognition of LAR is crucial as it 
accounts for a substantial proportion of 
patients previously misdiagnosed as NAR, 
enabling appropriate allergen-specific 
interventions.7,8
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antihistamines provide rapid onset of action, 
particularly useful for “on-demand” relief.

Leukotriene Receptor Antagonists 
Leukotriene receptor antagonists (LTRAs) 
continue to be an option, particularly for 
patients with coexisting asthma, but generally 
less effective than INCS for nasal symptoms 
alone.20

Allergen Immunotherapy
Allergen immunotherapy (AIT), available as 
subcutaneous (SCIT) and sublingual (SLIT) 
routes, remains the only disease-modifying 
treatment for AR. Recent updates include:

•	 Expansion of SLIT indications: SLIT tablets 
are now approved for several common 
allergens (e.g., grass, ragweed, dust mites), 
offering a convenient home-based option.21

•	 Improved protocols:Ultra-rush and modified 
rush protocols for SCIT aim for faster 
desensitization while maintaining safety.22

•	 Real-world evidence:Numerous studies 
reinforce the long-term efficacy of AIT in 
reducing AR symptoms, medication use, 
and preventing asthma development.23

Biologic Therapies
A game changer: The most transformative 
development in severe rhinitis and its 
comorbidities has been the advent of biologic 
agents, primarily targeting type 2 inflammation. 
While most are approved for comorbid 
conditions such as severe asthma or chronic 
rhinosinusitis with nasal polyps (CRSwNP), their 
beneficial effects on severe AR and NAR with 
type 2 features are increasingly recognized.

Omalizumab (Anti-IgE): Approved for 
severe allergic asthma, omalizumab has 
shown efficacy in reducing symptoms and 
medication use in patients with severe AR, 
particularly those with high serum IgE levels.24 
Its role in patients with concurrent severe AR 
and chronic urticaria is also being explored.

Dupilumab (anti-IL-4Rα): A groundbreaking 
biologic targeting the common alpha subunit 
of the IL-4 and IL-13 receptors, dupilumab is 
approved for severe asthma, atopic dermatitis, 
and CRSwNP. For CRSwNP patients, dupilumab 
significantly reduces nasal polyps, improves 
sense of smell, and alleviates nasal congestion, 
with concomitant benefits for AR symptoms 
where present.25 Its potential role in severe, 
refractory AR without CRSwNP is under 
investigation.

Mepolizumab and reslizumab (anti-IL-5): 
Primarily indicated for severe eosinophilic 
asthma and CRSwNP with eosinophilia, these 
anti-IL-5 agents also reduce nasal eosinophilia 
and improve nasal symptoms in patients with 
type 2 rhinitis and CRSwNP.26

proteins, storage proteins), providing a more 
precise risk assessment for cross-reactivity, 
severity, and the potential efficacy of allergen 
immunotherapy.

Nasal Provocation Tests 
Nasal provocation tests (NPT), particularly 
with allergens, are increasingly recognized as 
a vital diagnostic tool for LAR, as previously 
mentioned.8 Nonallergen NPTs (e.g., with 
histamine or methacholine) can assess nasal 
hyperactivity, aiding in the diagnosis of NAR.

Nasal Cytology 
Microscopic examination of nasal secretions 
for  inf lammator y  ce l ls  (e osinop hi ls , 
neutrophils, mast cells) is gaining traction as 
a simple, non-invasive tool for phenotyping.10 
Detection of high eosinophil counts can 
differentiate ENAR from other NAR subtypes 
and guide the use of intranasal corticosteroids 
or potentially biologics.

Biomarkers 
Research into biomarkers is accelerating, 
aiming to identify objective measures of 
disease severity, response to treatment, and 
specific endotypes.16 While not routinely 
used in clinical practice, promising candidates 
include:

•	 Exhaled nitric oxide (eNO): Nasal eNO levels 
can reflect Type 2 inflammation.

•	 Tear/nasal fluid cytokines: Levels of IL-4, 
IL-5, IL-13, TSLP, IL-33, and eotaxin are 
under investigation as indicators of type 
2 inflammation.

•	 Serum biomarkers: Periostin, IgE, and 
eosinophil counts provide systemic 
indicators.

Th e r a p e u t i c Adva n c e m e n ts

The therapeutic landscape for rhinitis has 
greatly expanded, particularly for severe 
and refractory cases, with a move toward 
personalized and targeted interventions.

Pharmacotherapy Updates
Intranasal Corticosteroids (INCS)
Remain the cornerstone of AR and inflammatory 
NAR treatment, with new formulations 
offering improved patient adherence and 
reduced systemic absorption.17 Combinations 
of INCS and intranasal antihistamines (e.g., 
azelastine/fluticasone) have demonstrated 
superior efficacy for moderate-to-severe AR 
compared to monotherapy.18

Antihistamines 
Newer generation oral antihistamines (e.g., 
rupatadine, bilastine) offer effective symptom 
control with minimal sedation.19 Intranasal 

Epithelial Barrier Dysfunction
Emerging evidence suggests that impaired 
epithelial barrier function in the nasal 
mucosa plays a crucial role in both AR and 
NAR.12 Damaged tight junctions can lead to 
increased permeability, allowing allergens, 
irritants, and microbial products to penetrate 
the mucosa, initiating or exacerbating 
inf lammatory responses. This concept 
has opened new avenues for therapeutic 
interventions targeting barrier integrity.

Innate Immunity and Alarmins
The role of innate immune responses, particularly 
through epithelial-derived cytokines known as 
alarmins (e.g., IL-33, TSLP, IL-25), has gained 
prominence in type 2 inflammatory rhinitis.13 
These alarmins are released upon epithelial 
damage and drive the differentiation and 
activation of type 2 innate lymphoid cells (ILC2s), 
contributing to the characteristic type 2 immune 
response (eosinophilia, IgE production). This 
deeper understanding has directly informed the 
development of biologic therapies.

Neurogenic Inflammation
For NAR, especially VMR, renewed focus is 
on the role of neurogenic inflammation.11 
Dysregulation of sensory nerves (trigeminal 
nerve), release of neuropeptides (e.g., 
substance P, calcitonin gene-related peptide), 
and altered autonomic tone contribute 
to symptoms such as hypersecretion and 
congestion. This insight underpins the 
development of targeted nerve interventions.

Microbiome Influence
The nasal microbiome’s influence on rhinitis 
development and progression is an active 
area of research.14 Dysbiosis, characterized 
by an imbalance in bacterial communities, 
may modulate immune responses, potentially 
contributing to inflammation and allergen 
sensitization. While still in early stages, this 
area holds promise for future diagnostic and 
therapeutic strategies.

Co n t e m p o r a ry Di ag n o s t i c 
Ap p r oac h e s

While clinical history and physical examination 
re m ain  f u n d am e nt a l ,  co nte m p o r a r y 
diagnostic approaches are integrating more 
refined tools to support phenotyping and 
guide treatment.

Advanced Allergy Diagnostics 
Beyond traditional skin prick tests and serum-
specific IgE, molecular allergology (component-
resolved diagnostics [CRD]) has become more 
accessible.15 CRD allows for the identification of 
specific allergen molecules (e.g., profilins, PR-10 
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Co n c lu s i o n a n d Fu t u r e 
Di r e c t i o n s

The landscape of rhinitis diagnosis and 
management has undergone a remarkable 
transformation over the past decade. The 
shift from a binary AR/NAR classification to a 
more nuanced understanding of phenotypes 
and endotypes, particularly the recognition 
of LAR and the refined characterization of 
NAR subtype, marks a significant step towards 
precision medicine. Our understanding of 
pathophysiology has deepened, highlighting 
the crucial roles of epithelial barrier function, 
innate immunity, and neurogenic inflammation.

Diagnostic tools are becoming more 
sophisticated, allowing for better identification 
of specif ic patient subsets, while the 
therapeutic arsenal has expanded dramatically. 
The introduction of biologic agents, initially 
for comorbid conditions but increasingly 
recognized for their broader benefits in severe 
type 2 rhinitis, represents a paradigm shift for 
patients with refractory disease. Furthermore, 
targeted nerve interventions offer new hope 
for those suffering from chronic, treatment-
resistant NAR.

Despite these advances, challenges remain. 
A clearer understanding of the underlying 
mechanisms of all NAR subtypes is still needed 
to develop more targeted therapies. The high 
cost of biologics necessitates careful patient 
selection and economic evaluation. Further 
research is required to identify reliable and 
accessible biomarkers for routine clinical 
practice to guide personalized treatment 
decisions for all forms of rhinitis.

Future directions in rhinitis research will 
likely focus on:

•	 Developing more predictive biomarkers for 
response to specific therapies, especially 
biologics.

•	 Exploring novel targets beyond type 
2 inflammation for non-responders or 
nontype 2 endotypes.

•	 Investigating the role of the nasal 
microbiome and its manipulation in 
disease prevention and treatment.

•	 Refining immunotherapy approaches for 
broader allergen coverage and improved 
safety profiles.

•	 Integrating artificial intelligence and machine 
learning to analyze complex patient data for 
personalized management algorithms.

•	 Ultimately, the goal is to move towards 
a stratified, patient-centric approach to 
rhinitis care, optimizing treatment selection 
based on an individual’s specific endotype, 
thereby improving clinical outcomes 
and enhancing quality of life for millions 
affected by this pervasive condition.

Benralizumab (anti-IL-5Rα): Targets the 
IL-5 receptor alpha expressed on eosinophils, 
leading to direct eosinophil depletion. Similar 
to anti-IL-5 antibodies, it is approved for severe 
eosinophilic asthma and shows promise in 
CRSwNP and Type 2 rhinitis.27

Tezepelumab (anti-TSLP): A novel biologic 
targeting thymic stromal lymphopoietin 
(TSLP), an upstream alarmin crucial for 
initiating type 2 inflammation. Approved for 
severe asthma, tezepelumab has shown broad 
efficacy across various type 2 inflammatory 
conditions and holds significant promise for 
patients with severe AR, including those with 
nontype 2 asthma or AR features.28

Targeted Nerve Interventions for 
Nonallergic Rhinitis
For refractory NAR, particularly VMR with 
prominent rhinorrhea and congestion, 
targeted nerve interventions represent a 
significant advance.

Posterior Nasal Nerve (PNN) Ablation/
Cryoablation
Procedures such as cr yotherapy (e.g. , 
RhinAer®) or radiofrequency ablation target 
the PNN, which supplies secretomotor and 
vasomotor innervation to the nasal mucosa. 
By disrupting these nerves, symptoms of 
chronic rhinorrhea and congestion are 
significantly reduced, offering a minimally 
invasive alternative for patients unresponsive 
to conventional medical therapy.29

Vidian Neurectomy
A more invasive surgical procedure that ablates 
the vidian nerve, historically performed for 
severe rhinorrhea, is now rarely used due 
to significant side effects, but its principle 
informs newer PNN interventions.

Other Emerging Therapies
Nasal Barrier Sprays
Containing cellulose powder or polymers, 
these sprays aim to create a protective barrier 
on the nasal mucosa, preventing allergen and 
irritant penetration.30

Probiotics
While still primarily investigational, some 
studies suggest that oral or intranasal 
probiotics may modulate immune responses 
and alleviate AR symptoms, though more 
robust evidence is needed.31

Immunomodulators
Research on compounds modulating specific 
immune pathways, beyond biologics, 
continues, but none have reached widespread 
clinical use for rhinitis.
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Review Article

Ab s t r ac t
Background: Immune checkpoint inhibitors (ICIs) represent a groundbreaking development in 
immunotherapy, offering significant promise in the treatment of various malignancies previously 
considered incurable. However, despite their potential benefits, the increasing use of ICIs is 
associated with a spectrum of immune-related adverse events (irAEs). Myocarditis is a rare and 
potentially underestimated complication that represents the highest mortality rate among irAEs.
Objective: The review aims to evaluate the current understanding of ICI-myocarditis (ICI-M) through 
providing a detailed overview of diagnostic challenges, screening strategies, and, in particular, 
the risk factors and evolving treatment agents beyond corticosteroids.
Materials and methods: A comprehensive literature review was conducted on PubMed, analyzing 
data from relevant clinical studies, case reports, preclinical models, and expert consensus 
guidelines. In addition, data from one ongoing clinical trial (ATRIUM trial) not yet indexed in 
PubMed were included to reflect emerging therapeutic developments.
Results: Despite the low incidence of ICI-M (0.06%–1%), which is likely underestimated, the 
mortality rate is the highest among irAEs; the most identifiable risk factors include combination 
therapy with ICI agents (anti-PD1 and anti-CTLA-4), preexisting cardiovascular and autoimmune 
diseases, use of ICIs alongside other anticancer treatments, certain tumor types, older age, and 
female sex. Diagnosis of the condition is faced with challenges such as nonspecific clinical features 
and often requires multimodal evaluation including biomarkers, imaging, and biopsy. High-dose 
corticosteroids remain the first-line treatment; however, steroid-refractory cases are increasingly 
reported. Promising second-line options include mycophenolate mofetil, antithymocyte globulin, 
abatacept, and tacrolimus; however, there is a lack of prospective data to support their efficacy. 
Studies conducted on various preclinical models highlight potential therapeutic targets such as 
CXCR3.
Conclusion: ICI-M poses a significant challenge in cardio-oncology practice due to its 
underestimation, high mortality rate, and lack of robust clinical data evaluating standardized 
screening protocols and second-line treatment measures. Although several second-line agents 
show promise, the evidence supporting their usage is largely on the basis of expert consensus and 
case reports, hence representing a strong need for prospective studies offering direct comparisons. 
Likewise, preclinical studies show great promise in identifying the pathophysiology and potential 
therapeutic targets for ICI-M; however, translational studies are necessary to validate these findings.
Keywords: Immune checkpoint inhibitors, Immunotherapy, Myocarditis.
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associated with a unique spectrum of toxicities 
termed immune-related adverse events (irAEs). 
These commonly manifest as gastrointestinal, 
hepatic, dermatologic, and endocrine 
complications, including diarrhea, colitis, 
hepatitis, skin reactions, hypophysitis, and 
thyroid dysfunction.5 An increasing number of 
cases of immune checkpoint inhibitor-related 
cardiotoxicity began to be reported, with 
complications ranging from cardiogenic shock 
to sudden death.6 A contemporary review of 
clinical cases noted that the median interval 
between initiation of ICI therapy and the onset 
of the first adverse event was 21 days, with 
the majority of patients receiving treatment 
with corticosteroids such as prednisolone 
or methylprednisolone.7 Due to limited 
understanding of the disease, there remains a 
paucity of a standardized treatment protocol.8

Due to the lack of awareness of the 
condition, its nonspecific clinical presentation, 
overlap with other cardiac and medical 
pathologies, and diagnostic challenges, 
the incidence of immune checkpoint 
inhibitor-related myocarditis (ICI-M) is likely 
underestimated, which brings us to the point 
that it is crucial to exercise caution with this 
manifestation of ICI.6 Reports suggest an 
estimated incidence of 0.04%–1.14% among 
the irAEs,9,10 and the highest mortality rates 
among all irAEs of 20–50%.11

Not many risk factors contributing to the 
disease have been identified so far, hence 
necessitating further review of the topic 
considering its risk of rapid progression 
and high mortality rate.6,10 ICI combination 
therapy, other anticancer treatment, 
female sex, preexisting cardiovascular 
disease, certain tumor types, underlying 

In t r o d u c t i o n

With cancer prevalence rising, one of the 
most groundbreaking advancements 

in cancer treatment is immunotherapy, 
which harnesses the body’s immune system 
to target and eliminate malignancies. A key 
component of this approach is immune 
checkpoint inhibitors (ICIs), which have 
demonstrated signif icant promise in 
improving patient outcomes.1

The US Food and Drug Administration 
a p p r o v e d  i p i l i m u m a b ,  a  c y t o t o x i c 
T- l y m p h o c y te - as s o c i ate d p r o te i n  4 
(CTLA-4) inhibitor, in 2011, marking its 
first authorization for melanoma therapy.2 
This was followed in 2014 by the approval 
of nivolumab, a programmed cell death 
protein-1 (PD-1) inhibitor, with additional 

agents targeting PD-1 and its ligand PD-L1 
introduced in subsequent years.3,4

Although immunotherapy is a recent 
advance in the field of oncology, the concept 
goes back in time by more than a century. A 
documented example was the concept of 
immunosurveillance that was proposed by 
Ehrlich, postulating that commonly produced 
malignant cells only progress to develop into 
clinically significant disease when immunity 
is compromised.3

The anti-CTLA-4 antibody ipilimumab, 
along with anti-PD-1 agents such as nivolumab 
and pembrolizumab, has signif icantly 
transformed the management of advanced 
malignancies including metastatic melanoma, 
lung cancer, and renal cell carcinoma. Despite 
these therapeutic advances, their mechanism 
of enhancing immune activation has been 
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than 28) as possible contributing risk factors of 
this rare adverse event.29 Overall, males tend 
to have a higher risk of developing viral or 
non-ICI-related myocarditis, while females are 
generally more prone to autoimmune diseases, 
indicating a potential susceptibility to ICI-M 
or cardiovascular irAEs.30 This observation 
is further supported by a retrospective 
study that focused on identifying cardiac 
complications postinitiation of ICI therapy, 
where female sex emerged as one of the 
strongest risk factors, showing a higher 
overall incidence of cardiovascular irAEs, 
including cases of pericarditis (2.2%) and atrial 
fibrillation (2.0%).31

Preexisting Autoimmune Disease
Patients with a history of autoimmune 
disease are generally not included in clinical 
trial populations, mostly due to fear of 
exacerbating an already dysregulated 
immune system.14 However, the studies that 
were carried out in this specific cohort have 
revealed higher occurrences of exacerbations 
of preexisting autoimmune conditions or 
irAEs.15,32,33 It has been hypothesized that 
patients with preexisting autoimmune 
diseases involving the heart such as systemic 
lupus erythematosus, rheumatoid arthritis, 
sarcoidosis, and Dressler’s syndrome may 
be at a heightened risk for developing 
cardiovascular irAEs.34

Preexisting Cardiovascular Disease
Another notable risk factor in cancer patients 
undergoing ICI therapy is preexisting 
cardiovascular disease. According to a meta-
analysis, a significant proportion (40%) of 
individuals who developed cardiovascular 
irAEs had existing cardiovascular risk factors, 
with the most common ones being myocardial 
infarction, peripheral artery disease, and 
hypertension.26 A review of the Mayo Clinic 
database for all patients with cancer who 
received ICIs evaluated the association of 
cardiovascular disease with clinical outcomes, 
and found that 2.4% of the patients developed 
cardiovascular irAEs. History of heart failure, 
acute coronary syndrome, and those above 
the age of 80 years were identified to be 
factors associated with an increased risk of 
developing ICI-M.35

Metabolic and Inflammatory Conditions
Metabolic disorders such as diabetes mellitus 
have proven to be independent risk factors 
that may act as facilitators rather than 
direct triggers of ICI-M, potentially through 
mechanisms of chronic inflammation and 
impaired immune regulation. The logistic 
regression analysis in a retrospective analysis 
involving 1,047 participants revealed that 

remarkable strides in improving survival in 
melanoma patients, with their combination 
being an even more successful treatment 
strategy.21–24 However, it is the combination 
of these two agents that is associated with 
increased reports of adverse effects rather 
than monotherapy with either one.23 This 
is proven by several studies, one of which 
highlights the difference in incidence of 
myocarditis in the combined anti-PD1/
anti-CTLA4 antibodies group compared to 
the anti-PD-1 monotherapy group, at 2.4% 
and 0.5%, respectively.16 A retrospective 
study from 2018 utilizing the World Health 
Organization’s (WHO) global database 
found that myocarditis was reported 
in 0.41% of cases involving anti-PD-1/
PD-L1 therapies (such as nivolumab and 
atezolizumab), compared to 0.07% for anti-
CTLA-4 therapy (such as ipilimumab).25

•	 Other anticancer treatment: Other treatment 
strategies targeting malignancies, 
including chemotherapy, radiotherapy 
and tyrosine kinase inhibitors, are being 
employed to enhance the efficacy of 
immunotherapy. Nevertheless, their 
combined use alongside ICIs has proven 
to increase the likelihood of cardiovascular 
irAEs.12 A meta-analysis found that 
the incidence of cardiovascular irAEs 
was higher in patients treated with a 
combination of ICIs and chemotherapy, 
compared to those receiving ICIs or 
chemotherapy alone, with incidence rates 
of 3.7%, 3.1%, and 2.5%, respectively.26

Cancer-specific Susceptibility
Tumor Type
Cardiovascular irAEs have been reported 
more often in patients with melanoma or lung 
cancer, indicating that the risk of developing 
these adverse effects might depend on the 
particular type of tumor. A study involving 
patients with several cancer types who 
received at least one cycle of ICIs revealed that 
the most frequently observed cancer types 
were lung (35.7%) and melanoma (33.7%). 
Patients who experienced cardiovascular irAEs 
within 1 year of starting ICI therapy were more 
likely to have lung cancer (42.3% vs 34.7%) and 
less likely to have liver cancer (2.8% vs 6.6%) 
than those who did not. However, this may 
represent the more common use of ICIs in 
these particular types of cancers, potentially 
leading to over-reporting associated with 
these malignancies.27,28

Host-related Risk Factors
Age and Sex
A recent literature review identifies advancing 
age (over 64 years) and a high BMI (greater 

autoimmune pathology, and diabetes mellitus 
are considered to be contributing factors 
to the pathogenesis of ICI-M.12–16 In this 
review, we primarily focus on the risk factors 
contributing to the occurrence of ICI-M and 
various treatment strategies that extend 
beyond conventional steroid therapy, while 
also highlighting the current screening and 
diagnostic methods.

Pat h o p hys i o lo g y

Immune checkpoint inhibitors comprise 
monoclonal antibodies that block suppressive 
signaling pathways controll ing T- cell 
activity—most notably PD-1/PD-L1 and 
CTLA-4—thereby strengthening T-cell–
mediated antitumor immune responses.17

Although the pathophysiology of ICI-M 
remains unclear, suggested mechanisms 
include a shared antigen between the tumor 
and myocardium, T-cell receptor cross-
reactivity with a homologous muscle antigen, 
or T-cell receptors recognizing distinct, 
unrelated antigens.18

Histological findings through cardiac 
biopsy and autopsy of  patients who 
developed myocarditis following therapy 
with ICI often reveal skeletal and myocardial 
T-cell infiltrates showing CD4+, CD8+, and 
CD68+ cells, with CD20+ B cells being 
absent. The presence of a shared antigen 
between the tumor and striated muscle 
is evidenced by the expression of muscle-
specific transcripts in the tumor.19

Cl i n i c a l Fea t u r e s

The clinical features of ICI-M can vary over 
a wide spectrum ranging from patients 
being asymptomatic to life-threatening 
presentations.11

Patient presentations can be nonspecific 
with symptoms and signs like chest pain, 
dyspnea, elevated troponin and creatine 
kinase levels, ST-segment elevation, cardiac 
arrhythmia, and other electrocardiographic 
abnormalities.20

Di s c u s s i o n

Risk Factors
Treatment-related Risk Factors

•	 ICI combination therapy: In a recent review, 
Yousif et  al. highlight the four most 
prominent risk factors for cardiovascular 
irAEs. Among them, ICI combination 
therapy stands out as a major contributor 
to ICI-M, although shown to successfully 
overcome cases of primary and secondary 
resistance to ICIs.12 Ipilimumab and 
nivolumab have individually shown 
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met the T2-based criteria for myocardial 
edema.43

In a more recent cohort study, LGE, 
which represents nonischemic patterns of 
myocardial injury, was observed far more 
frequently in ICI-M patients when compared 
to pre-ICI-M control groups (82% vs 10%). 
However, LGE was detected less frequently 
in ICI-M when compared to viral myocarditis 
(82% vs 100%). Conversely, T2 mapping 
results, which represent myocardial edema, 
were only present in 24% of patients.

Notably, ICI-M exhibits distinct patterns 
of LGE localization in the septal and midwall 
layers, in contrast to viral myocarditis. In the 
same study, 48% of ICI-M patients showed 
septal LGE compared to 29% of those with 
viral myocarditis, while midwall LGE was 
observed in 33% and 2%, respectively. 
The presence of septal LGE in particular is 
associated with an increased incidence of 
major adverse cardiovascular events.

Although CMR is the best noninvasive 
diagnostic modality for ICI-M, patients with 
ICI-M show a lower rate of fulfillment of the 
2018 LL criteria, with only 61% of patients 
with ICI-M meeting both criteria.44 Given 
the unique imaging patterns and diagnostic 
limitations of LL in ICI-M, specialized CMR 
criteria may be necessary, and patients should 
be treated for ICI-M if any single criterion is 
met in the context of high clinical suspicion.

Treatment
First-line Treatment
Despite its relative rarity, the mortality 
associated with ICI-M is an astounding 50%, 
warranting the need for more effective 
treatment regimens in place.45

Specific treatments for ICI-M are rare, and 
there are no definitive treatment protocols 
in place. The American College of Cardiology 
recommends immediate discontinuation of 
the ICI and initiation of high-dose intravenous 
methylprednisolone (1 gm daily) for 3 days 
followed by tapering to oral prednisolone 
(1–2 mg/kg/day) for confirmed or suspected 
ICI-M.46

Steroid-resistant and Steroid-refractory 
ICI-myocarditis
Steroid-refractory ICI-M refers to ICI-M which 
fails to demonstrate clinical improvement 
or biochemical response to high-dose 
corticosteroids within 24 –72 hours of 
its commencement. Steroid-resistant is 
sometimes used as an interchangeable 
term with steroid refractory but mostly 
refers to ICI-M which initially responds to 
corticosteroids but relapses or worsens during 
the phase of steroid tapering.8 The high 

Associated symptoms: The onset of new 
cardiac symptoms alongside musculoskeletal 
symptoms such as myositis warrants suspicion 
of ICI-M, possibly due to shared antigenic 
targets between cardiac and skeletal 
muscles.11

Endomyocardial Biopsy
Endomyocardial biopsy provides a definitive 
diagnosis of ICI-M, particularly in uncertain 
cases. EMB typically reveals a characteristic 
p at h o l o g y  o f  a  T- ce l l – p r e d o m i n a nt 
lymphocytic infiltrate, including CD8+ and 
CD4+ T cells, along with macrophages, with 
evidence of nonischemic necrosis occasionally 
present.40 However, despite its diagnostic 
accuracy, EMB is not performed routinely 
due to its invasive nature and the inherent 
procedural risks, including cardiac tamponade 
and myocardial perforation. Moreover, EMB in 
ICI-M is prone to sampling errors due to the 
patchy appearance of inflammation in the 
condition, leading to false negatives when 
unaffected areas are sampled in the biopsy.11 
To mitigate the risk of false-negative results, 
recent expert consensus suggests collecting 
at least three samples of each approximately 
1–2 mm and the utilization of preprocedural 
imaging to guide biopsy location.40

Cardiac Imaging
Echocardiogram: ICI-M often presents with 
new-onset left ventricular impairment. The 
echocardiogram is widely used as a first-
line test in the assessment of left ventricular 
failure, and while it may aid in the initial 
evaluation of ICI-M, various studies reveal that 
LVEF may be preserved in a large proportion 
of cases of ICI-M, hence limiting its sensitivity 
as a diagnostic tool.16,34

Cardiovascular magnetic resonance: For 
noninvasive evaluation of myocarditis, cardiac 
magnetic resonance (CMR) imaging is widely 
accepted as the reference standard. It is highly 
valuable in the diagnosis of ICI-M owing to its 
high tissue specificity and minimal procedural 
risk, allowing detection of myocardial edema 
and nonischemic patterns of myocardial 
injury, including necrosis and scarring.41

The updated 2018 Lake Louise (LL) 
criteria underpin the CMR diagnosis of ICI-M, 
necessitating evidence of myocardial edema 
on T2-weighted imaging alongside a T1-based 
feature of nonischemic injury [late gadolinium 
enhancement (LGE) or increased extracellular 
volume (ECV)].42

In one internal registry, the criteria 
reflecting nonischemic myocardial injury 
(T1-based markers, including LGE, T1, or ECV 
elevation) were met by 95% of patients with 
proven ICI-M, whereas only 51% of patients 

diabetes mellitus [odds ratio (OR): 1.96, 95% 
confidence interval (CI): 1.05–3.65, p = 0.034] 
was an independent risk factor for ICI-related 
cardiotoxicity.36

Screening Methods
Although no robust monitoring protocol 
has been standardized for patients receiving 
immunotherapy, baseline ECG assessment 
and weekly troponin testing during the first 
3 weeks for those receiving combination 
immunotherapy have been implemented 
in clinical practice.18 While it is common 
to see a rise in cardiac biomarkers (e.g., 
increased serum troponin levels) secondary 
to heart tissue damage, nearly 50% of 
patients exhibit preserved systolic function.16 
Meanwhile, cardiac arrhythmias such as 
atrial fibrillation, ventricular arrhythmias, 
and conduction abnormalities are frequently 
observed, sometimes leading to sudden 
death.16,37 ECG and echocardiography can 
help detect those at risk by flagging up signs 
such as widening of the QRS complex and 
narrowing of global longitudinal strain.17 
The simultaneous occurrence of myasthenia 
gravis and rheumatic and musculoskeletal 
immune-related adverse events (RMS-irAE) 
such as myositis after ICI therapy should raise 
suspicion of myocarditis.38,39

Diagnosis
Most cases present with raised troponin levels 
and abnormal ECGs. Meanwhile, LVEF may be 
normal.16

The diagnosis of ICI -M relies on a 
multimodal approach due to the variability in 
its presentation. A definitive diagnosis is based 
on a combination of the presence of clinical 
signs, laboratory evidence of myocardial 
injury, and imaging or histological evidence, 
while ruling out alternative diagnoses such as 
ACS and acute infectious myocarditis (Fig. 1).39

Cardiac troponin:  Elevated levels of 
troponin are observed in most cases of ICI-M 
(46–97%), with evidence suggesting that 
troponin I is more specific to myocardial injury 
than troponin T.10

Fig. 1: Flowchart depicting diagnostic methods
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developed tumor relapse following treatment 
with abatacept. Hence, prospective clinical 
trials are necessary to evaluate its overall 
efficacy and safety profile.

The ATRIUM trial is a phase 3, randomized, 
placebo - control led study evaluating 
abatacept (10 mg/kg IV at baseline, 24 hours, 
and day 14, with an optional dose at day 28) 
in hospitalized patients with ICI-M, with the 
primary endpoint being reduction in major 
adverse cardiac events (MACE). The trial 
is actively recruiting and has not released 
interim or final results (Table 1).54

Other Biologic Agents
Other biologic agents that target T-cells, 
such as alemtuzumab (CD52 antibody) 
and tocilizumab (IL-6 inhibitor), are also 
currently promising investigative second-line 
options that are potentially effective in ICI-M. 
However, the use of other biologic agents 
requires further RCTs to substantiate their 
mortality and morbidity benefits.52,53,55

Promising Therapeutic Avenues in 
Preclinical and Translational Models
CXCR3-CXCL9/10
An animal model study conducted in 2020 
evaluated the role of immunoproteasome 
i n  t h e  d e v e l o p m e n t  o f  I C I - M  a n d 
provided translational evidence that 
immunoproteasome inhibitors such as ONX 

been excluded by endomyocardial biopsy of 
samples.46

Biologic Agents
TNF-alpha Antagonists
TNF-alpha antagonists, such as infliximab, 
are recommended for refractory or steroid-
resistant myocarditis based on anecdotal 
evidence; however, the empirical evidence 
base supporting their use remains weak. 
Infliximab is typically contraindicated in 
moderate to severe heart failure, and Liu et al. 
reported clinical data from 18 cases where 
infliximab was used; while 66.7% of patients 
experienced improvement, 55.6% died 
(22.2% from cardiovascular causes), hence 
suggesting concerns regarding its safety 
profile in patients with heart failure. However, 
the evidence is insufficient to conclude that 
infliximab definitively worsens heart failure 
in ICI-M.53

Abatacept
Abatacept is a CTLA-4 Ig Fusion Protein which 
targets T-cell costimulation and has shown 
promising outcomes in preclinical models 
and case reports.53

In particular, it is noted to be efficacious 
in myocarditis associated with myositis; 
however, there is a potential risk of tumor 
relapse noted with the usage of abatacept, as 
described in the instance of two patients who 

incidence of steroid-refractory and steroid-
resistant cases of ICI-M suggests that isolated 
steroid therapy alone is not sufficient in the 
effective treatment of ICI-M.

Second-line Immunosuppressive Agents
Mycophenolate mofetil: It is considered a 
reasonable option for steroid-resistant or 
steroid-refractory ICI-M on the basis of expert 
consensus and its efficacy in other immune-
related cardiac conditions. Mycophenolate 
Mofetil inhibits inosine monophosphate 
dehydrogenase, thereby blocking de novo 
purine synthesis in T and B lymphocytes, 
hence inhibiting lymphocyte proliferation.47 
A prospective cohort study by Blagova 
et  al., evaluating the role of a combination 
of mycophenolate mofetil with steroids in 
the treatment of lymphocytic myocarditis, 
revealed a high efficacy comparable to 
the standard combination of steroids and 
azathioprine, but with improved tolerance 
levels and far fewer infectious complications. 
Extrapolating the findings of this study would 
suggest its potential therapeutic benefits in 
the treatment of ICI-M.48

Tacrolimus :  A calcineurin inhibitor 
that acts on IL-2 expression and inhibits 
T-cell differentiation and growth; it has 
proven to be efficacious in the instance of 
corticosteroid-refractory ICI-M in a few case 
studies; it is often combined with IVIG, which 
plays a role in T-cell downregulation (via IL-33 
and prostaglandin E-2).44

A n t i t h y m o c y t e  g l o b u l i n  ( A T G ) : 
ATG is a second-line T- cell - depleting 
i m m u n o su p p r e ss i ve  a g e nt  w h i ch  i s 
recommended based on expert consensus 
by the American Heart Association for steroid-
refractory/resistant ICI-M. The rationale for its 
use is supported by the pathophysiological 
similarities between ICI-M and acute cellular 
rejection in cardiac transplantation, in which 
T-cell-targeted therapies such as ATG are 
employed. The use of ATG is associated with an 
increased risk of infection and should ideally 
be supervised by a cardiac transplant team.49

Case reports and case series have 
revealed successful use of ATG in fulminant 
steroid-refractory ICI-M and are a promising 
t h e r a p e u t i c  ave n u e,  p a r t i c u l a r l y  i n 
hemodynamically unstable patients.50,51

IVIG and Plasmapheresis
Plasmapheresis and IVIG therapy are 
beneficial options in patients presenting with 
associated neuromuscular complications such 
as myasthenia gravis.52 The American College 
of Cardiology in its 2024 Expert Consensus 
Decision Pathway states that IVIG may be 
considered in autoimmune myocarditis, 
including ICI-M, when viral infections have 

Table 1:  Treatment modalities beyond steroids

Agent Mechanism/rationale for use Evidence

Mycophenolate 
mofetil (MMF)

A selective Inhibitor of Inosine 
Monophosphate dehydrogenase, essen-
tial for B and T cell proliferation

Use supported by efficacy in cardioal-
lograft rejection and virus-negative 
lymphocytic myocarditis47,48

Tacrolimus T-cell targeted immunosuppressive 
agent, often used in conditions such as 
giant cell myocarditis

Used successfully in two steroid-
refractory cases of ICI-M alongside 
IVIG45

Abatacept (CTLA-4 
agonist)

CTLA-4 immunoglobulin fusion protein 
that binds to CD80/CD86 leading to 
T-cell anergy

Successfully used in steroid-refractory 
cases, particularly those with concur-
rent myositis.30

ATRIUM trial currently ongoing52

Infliximab (TNF-α 
Inhibitor)

Blocks TNF-α, a pro-inflammatory 
cytokine

Recommended by guidelines such 
as ASCO, typically contraindicated 
in moderate to severe heart failure. 
The existing evidence based on case 
series is insufficient to conclude that 
infliximab worsens heart failure in 
ICI-M55

Antithymocyte 
globulin (ATG)

Targets T-cells by depletion and induc-
ing apoptosis

Successfully used in cases of 
fulminant myocarditis refractory to 
steroids.
Carries inherent risk of infectious 
disease.50,51

Intravenous immu-
noglobulin (IVIG)

Immunomodulatory effects including 
neutralizing pro-inflammatory cytokines

Used successfully in cases of steroid-
refractory ICI-M along with Tacroli-
mus.45

Considered to be efficacious in 
patients with concurrent neuromus-
cular toxicities54
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0914 are able to mitigate autoimmune cardiac 
damage and are a potential therapeutic option 
beyond corticosteroids and could serve a 
role in the cases of refractory myocarditis 
due to ICIs. The study identified the CXCR3-
CXCL9/10 axis as a key therapeutic target; 
hence, blockade of CXCR3 or depletion of 
these macrophages reduced pathogenic T-cell 
infiltration and, hence, disease outcomes.56

IL-15 supplementation:
A study by Yu et al. in 2024 used both human 
samples and an in vivo mouse model to 
evaluate the roles of IL-15 supplementation 
and CD4+ T cells in the treatment and 
pathogenesis of ICI-M. They observed in the 
human samples that ICI-M was associated with 
a marked reduction in CD4+ TCM and that as 
myocarditis severity increased, there was a 
corresponding decrease in IL-15 levels. The 
animal model of mice with ICI-M also revealed 
evidence of decreased CD4+ TCM cells and 
associated cardiac fibrosis. Supplementation 
with IL-15 in mice resulted in increased CD4+ 
TCM cells and a reduction in cardiac fibrosis.57

Co n c lu s i o n

Although ICIs are revolutionizing cancer 
therapy, they come with their own set 
of adverse side effects, one of the most 
fatal being myocarditis, which is probably 
underestimated and shown to have the 
highest mortality rates among all irAEs. We 
identified a paucity of robust clinical data 
evaluating standardized screening protocols 
and second-line treatment measures. Risk 
factors dependent on the type of cancer 
treatment include the use of ICI combination 
therapy and use of other anticancer therapy, 
with the former being the most recognized 
contributor to the pathology. Other important 
factors posing risk that are patient-specific 
include preexisting cardiovascular disease, 
preexisting autoimmune disease, and the 
tumor type. For steroid-resistant or refractory 
cases of ICI-M, second-line agents have 
shown positive outcomes, but use of these 
is dependent on expert consensus and 
individual case reports, hence indicating 
a stronger need for prospective studies 
offering direct comparisons. At the same 
time, pre-clinical studies have been successful 
in identifying potential therapeutic targets 
for ICI-M while still needing validation from 
translational studies.

Et h i c a l Stat e m e n t

This study is a narrative review based on 
previously published literature and does 
not involve any new studies with human 
participants or animals. Hence, approval 
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comorbidities. They take several concomitant 
medications. Their adherence varies. Social 
determinants influence outcomes. Renal 
and hepatic functions are not always ideal. 
Follow-up is inconsistent. In such settings, 
the controlled environment of efficacy trials 
begins to feel distant.3–8

An antidiabetic drug that lowers HbA1c by 
0.7% in a tightly selected trial population may 
show a smaller effect in real-world patients with 
variable adherence. This is where effectiveness 
evidence becomes more relevant.

Ef f e c t i v e n e s s Sp e a k s to 
Cl i n i c i a n s 7,8,10

Effectiveness trials reflect routine care. 
They include heterogeneous populations, 
typical adherence patterns, and pragmatic 
outcomes. Their findings often align more 
closely with what clinicians actually observe.

F r o m  a  c l i n i c i a n ’s  s t a n d p o i n t , 
effectiveness answers practical questions:

•	 Will  this drug work in my patient 
population?

•	 How will it perform alongside multiple 
comorbidities?

•	 What is the true magnitude of benefit 
outside research settings?

•	 Does it remain beneficial when adherence 
is imperfect?

These questions shape real prescribing 
decisions. While efficacy demonstrates that 
a drug can work, effectiveness demonstrates 
whether it does work in usual practice.

As clinicians, we should avoid viewing 
efficacy and effectiveness as competing 
concepts. They are complementary. Efficacy 
establishes the foundation. Effectiveness 
determines applicability.10 Evidence-based 
medicine requires integrating both. In chronic 
diseases such as diabetes, cardiovascular 
disease, or inf lammator y conditions, 

In clinical practice, very few decisions are 
made in ideal circumstances. The patients 

we treat rarely resemble the precisely selected 
participants enrolled in randomized controlled 
trials (RCTs), although RCTs are the gold standard 
in evaluating the effects of treatments.1

As clinicians, we frequently depend on 
data from RCTs to guide prescribing decisions. 
These trials typically evaluate efficacy and 
safety to determine whether a drug works 
under ideal, highly controlled conditions 
with strict inclusion and exclusion criteria. 
However, the patient sitting in front of us rarely 
represents those ideal conditions. This is where 
effectiveness becomes critically important.2

Un d e r s ta n d i n g t h e 
Di ffe   r e n c e

Efficacy trials (often RCTs) are designed to 
determine whether an intervention works 
under ideal circumstances. They use strict 
inclusion and exclusion criteria, closely 
monitor adherence, control co-interventions, 
and aim to maximize internal validity. The 
goal is to determine if the drug produces the 
intended effect.3–7

Clinical trials move step by step, with each 
phase answering a different clinical question. 
Phase I studies are small and focus mainly 
on safety, helping researchers understand 
the safe dose range and identify important 
adverse effects. Phase II trials involve more 
patients and look at whether the drug actually 
works while continuing to monitor safety and 
refine the dose. Phase III trials expand to larger 
populations to confirm efficacy, compare 
the new treatment with standard therapy or 
placebo, and generate the robust data needed 
for regulatory approval. Once approved, phase 
IV or postmarketing studies track long-term 
safety and real-world effectiveness, often 
identifying rare adverse events and assessing 
use in broader patient groups.8

In contrast, effectiveness trials evaluate 
how an intervention performs in real-
world settings. These studies often include 
broader patient populations, allow variations 
in practice, and reflect everyday clinical 

behavior. Their strength lies in external 
validity. They answer a different but equally 
important question: does the drug work in 
routine clinical care?3–7

R e a l - wo r l d  d at a  r e f e r  to  h e a l th 
information collected outside traditional 
randomized trials, including electronic 
health records, insurance claims, registries, 
and even wearable devices. When analyzed 
systematically, it generates real-world 
evidence (RWE) that shows how treatments 
actually perform in routine clinical practice. 
Unlike controlled trial settings, this approach 
ref lects diverse patient populations, 
comorbidities, and everyday prescribing 
patterns. It helps clinicians and researchers 
understand effectiveness, long-term safety, 
outcomes in specific subgroups, and even 
cost implications. Because it is often faster 
and more economical than large trials, it 
has become an important complement to 
randomized studies. Regulatory bodies such 
as the US Food and Drug Administration also 
use RWE for postmarketing safety surveillance 
and selected regulatory decisions.9

Why Eff  i c ac y Mat t e r s

For clinicians, efficacy data provide assurance. 
They confirm that the intervention has intrinsic 
therapeutic value. Regulatory approvals 
depend on such evidence. Guidelines are 
often constructed upon it. Without efficacy 
trials, clinical medicine would lack a scientific 
foundation.3–8 For example, when evaluating 
a new antidiabetic drug, tightly controlled 
glycated hemoglobin (HbA1c) reductions 
under standardized conditions confirm that 
the molecule works. In early decision-making, 
efficacy is essential. It establishes biological 
plausibility and therapeutic potential. It gives 
us confidence that the intervention has intrinsic 
value. However, efficacy alone is not enough.

Th e Cl i n i c a l Rea  l i t y

The patients we see daily often dif fer 
substantially from those enrolled in efficacy 
trials. They are older. They have multiple 
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modern research is moving toward bridging 
this gap. Clinicians should welcome this shift. It 
aligns evidence generation more closely with 
clinical realities. At the bedside, decisions are 
rarely binary. They involve patient preferences, 
comorbidities, costs, and system factors. In 
such complexity, effectiveness evidence often 
carries greater practical weight. Yet without 
efficacy trials, there would be no foundation 
to build upon.

Co n c lu s i o n

Efficacy demonstrates potential. Effectiveness 
determines practice. For clinicians, both forms 
of evidence are essential. Efficacy tells us 
whether a drug can work. Effectiveness tells 
us whether it will work for the patients we 
actually treat. The art of clinical medicine lies 
in understanding this distinction and applying 
it thoughtfully.
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effectiveness evidence often better informs 
long-term management strategies.

Wh i c h i s Mo r e Re l e va n t f o r 
Cl i n i c i a n s?8,10

If forced to choose, effectiveness may be 
more directly relevant for day-to-day clinical 
practice. It mirrors the reality in which 
clinicians operate.

However, the ideal approach is sequential 
interpretation:

1.	 First, confirm the drug works under 
controlled conditions.

2.	 Then, evaluate how it performs in real-
world settings.

3.	 Finally, individualize the decision for the 
patient in front of you.

Ef f icacy provides scientif ic assurance. 
Effectiveness provides clinical confidence.

Th e Way Fo r wa r d

With increasing emphasis on pragmatic 
trials, RWE, and large observational datasets, 
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A hypertensive man in his early 60s was 
brought to the emergency department 

with the chief complaints of sudden-onset 
inability to move the extremities and altered 
mentation. He had a history of chronic 
neck pain for the last 3–4 years with an 
exacerbation of the pain, for which he was 
recommended by his physiotherapist to 
undergo flexion, extension, rotation, and 
lateral flexion maneuver under medical 
supervision, but the patient went to a local 
salon and underwent a neck massage after 
a haircut, following which he developed 
hiccups and dysphagia to solids more than 
liquids, followed by slurring of speech. He 
gradually started developing weakness on 
the right side of the body, which progressed 
to quadriplegia over a period of 3 days.

He presented to the hospital conscious 
and alert, with spontaneous eye opening 
and response to all verbal commands but had 
hypotonia and 0/5 power in all extremities. 
He was intubated in view of poor mentation 
and later underwent a tracheostomy and 
was continued on mechanical ventilation. 
Computed tomography images of the brain 
showed extra-axial hemorrhage at the 
craniovertebral junction level impinging upon 

medulla, with widening of the atlantodental 
interval. Magnetic resonance imaging (MRI) 
of the brain and spine was done for further 
characterization. It revealed atlantoaxial 
dislocation, extra-axial hematoma impinging 
upon medulla, and edema involving pons, 
medulla, and cervical spine up to the C5–
C6 IV disc level (Fig. 1).

The patient underwent bilateral C1–
C2 transpedicular screw fixation and placement 
of bone graft from the iliac crest at C1–C2 joint 
titanium implant fixation. This case clinches 
the need for the physician to think out of the 
box and consider the possibility of atlantoaxial 
dislocation and associated extra-axial 
hemorrhage,1 causing brainstem compression 
in an elderly patient with no preexisting 
disease presenting with quadriparesis as the 
vital centers of respiration and circulation are 
located there and hence the need for urgent 
neurosurgical intervention.
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Figs 1A to G: (A) Axial computed tomography image at the level of craniovertebral junction showing extra-axial hematoma around odontoid process 
of C2 vertebra (shown by thin black arrow); (B) Sagittal multiplanar reformatted computed tomography image showing extra-axial hematoma (shown 
by thin black arrow) at base of skull impinging upon medulla oblongata, widening of atlantodental interval (shown by thin black line) suggestive of 
atlantoaxial dislocation; (C) Sagittal T2W MRI image of the brain showing T2 hypointense extra-axial hematoma (shown by thin white arrow) at base of 
skull impinging upon medulla oblongata with T2 hyperintensity representing edema (shown by thick white arrow) in pons, medulla, and cervical spinal 
cord, widening of atlantodental interval (shown by thin white line) suggestive of atlantoaxial dislocation; (D) Sagittal T2W MRI image of cervical spine 
showing T2 hypointense extra-axial hematoma (shown by thin white arrow) at base of skull impinging upon medulla oblongata with T2 hyperintensity 
representing edema (shown by thick white arrow) in pons, medulla, and cervical spinal cord extending up to C5–C6 intervertebral disc level; (E) Axial 
T2W MRI image at the level of C2 vertebra showing extra-axial hematoma (shown by thin white arrow); (F) Axial T2W MRI image at the level of pons 
showing diffuse intramedullary T2 hyperintensity representing edema (shown by thin white arrow); (G) Axial SWI phase image showing significant 
blooming at the level of C2 vertebra representing hemorrhage (shown by thin white arrow)
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Dear Editor,

We read with interest an article titled 
“Comparison of the Efficacy and Safety 

of Biosimilar Adalimumab Injection with 
Innovator Adalimumab in Subjects with 
Active Ankylosing Spondylitis,” published in 
the Journal of the Association of Physicians 
of India.1 We have the following comments 
to offer:

•	 While the introduction provides a solid 
pharmacological and socioeconomic 
context, there is an absence of a clearly 
stated hypothesis and primary outcomes. 
The rationale is regulatory rather than 
scientif ic, and the f low prematurely 
introduces methodological details that 
should appear later.2

•	 The Methods section is demonstrated very 
well. However, key methodological details 
are missing: justification for noninferiority 
margin and 2:1 allocation, incomplete 
blinding description, lack of missing data 
handling, and absence of recruitment 
timeline. These omissions limit full 
reproducibility and transparency, which 
are essential for validating noninferiority 
randomized controlled trials (RCTs).3

•	 While the Results section is statistically 
detailed and transparent about efficacy 
equivalence, it falls short on several 
parameters such as missing temporal 
and flow details (recruitment dates and 
attrition causes), lack of structured adverse 
event (AE) tables and graphical clarity, 
overuse of p-values instead of confidence 
intervals, incomplete analysis report, and 
missing data handling.4

•	 The unusually high response rates 
compared to global trials, the short 12-week 
duration, and sponsor involvement 
limit interpretability. Larger, longer, and 
independently funded multicenter studies 
across diverse populations are required to 
confirm long-term equivalence and safety.5
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The Attitudes, Ethics, and Communication 
(AETCOM) module1 was published in 2018 

by the Medical Council of India (MCI) and 
later also adopted by the National Medical 
Commission (NMC) in the Competency-
based Medical Education (CBME) curriculum. 
The inclusion of AETCOM skills in medical 
education is vital in India to cultivate 
compassionate,  ethical ,  and patient-
centered healthcare professionals who 
can build trust and effectively address the 
sociocultural complexities of the healthcare 
system.2–4 This was a praiseworthy attempt 
by the regulators of medical education in the 
country, NMC, to include the affective domain 
by listing core competencies which need to 
be addressed in the undergraduate training 
such as communicating with patients, 
professionalism, and ethics, among others. 
The AETCOM module has been created as a 
roadmap to help instructors and institutions 
construct a long-term program that will 
assist students in developing the requisite 
communication, ethical, and attitude skills. It 
provides a framework for the competencies 
that students need to master.1 Appendix 1 
of the AETCOM module (pages 78–84) lists 
the core and noncore competencies with 
the primary domain and the level to which 
the competency in question should be 
attained. There are 39 core and 15 noncore 

competencies listed in this appendix. Out 
of the 39 core competencies, 21 are in the 
knowledge (cognitive) domain and 18 are 
in the skills (psychomotor) domain; out 
of the 15 noncore competencies, 5 are in 
knowledge and 10 are in the skills domain. 
Not a single competency is listed under 
the affective domain. All the competencies 
such as empathy, altruism, commitment to 
lifelong learning, or scholarship are listed 
under knowledge or skills. In a module that 
is almost entirely focused on the affective 
domain, not listing a single competency 
under the af fective domain is a major  
faux pas and the NMC should address this 
at once since choosing the appropriate 
teaching-learning methods for a given 
competency to be taught and assessed 
depends largely on correctly identifying 
the educational domain.5 It is concerning to 
observe that certain significant oversights 
have persisted without rectification, even 6 
years after the publication of the AETCOM 
module and addressing them would greatly 
enhance its impact.

Su p p l e m e n ta ry Mat e r i a l

Appendix 1 is available online at the journal 
website. https://www.nmc.org.in/wp-content/
uploads/2020/01/AETCOM_book.pdf
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siblings. Was the index patient the guardian 
of his siblings?
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Dear Editor

We reviewed the article by Goel et al. on 
a 19-year-old male with mitochondrial 

encephalopathy,  lac tic acidosis ,  and 
stroke-like episodes (MELAS syndrome) 
due to the m.3243A>G variant in MT-TL1, 
who presented with seizures (for 5 years), 
hypoacusis (for 4 years), basal ganglia 
calcification, cognitive decline, short stature, 
hypogonadism, and a stroke-like episode 
(SLE) with visual field defects, migraine-like 
headaches, and vomiting.1 The antiepileptic 
drug was switched from valproic acid to 
levetiracetam, and a mitochondrial cocktail 
was added.1 The study is interesting, but 
some points should be discussed.

The first point is that the tissue in which 
the m.3243A>G variant was detected was not 
mentioned.1 It is crucial to know whether the 
MT-TL1 variant was found in the blood, oral 
mucosal cells, urinary epithelial cells, muscle 
cells, hair follicles, or skin fibroblasts, as some 
of these tissues may be clinically affected 
while others are clinically unaffected. There 
is also no information on heteroplasmy 
rates, mtDNA copy number, haplotype, 
mutations in nDNA, tissue distribution, and 
environmental factors, all of which strongly 
influence the phenotype. To establish a 
genotype–phenotype correlation, it is crucial 
to know these influencing factors.

T he se cond p oint  re lates  to the 
identification of a stroke-like lesion (SLL), 
the morphological equivalent of an SLE, in 
multimodal MRI.1 SLLs can be hyperintense 
not only on T2/FLAIR, but also on diffusion-
weighted images (DWI) and perfusion-

weighted images (PWI).2 They are hypointense 
on oxygen extraction fraction (OEF) MRI and 
hypometabolic on FDG positron emission 
tomography (PET).1 SLLs are not confined 
to a vascular area and typically enlarge over 
several days until they reach a nadir, after 
which they regress and eventually end up 
as normal brain tissue, cyst, laminar cortical 
necrosis, focal atrophy, white matter lesion, 
or toenail sign.1 Therefore, other critical MRI 
modalities should have been described, and 
long-term follow-up MRI results should have 
been provided.

The third point relates to the discrepancy 
between the high serum lactate levels 
(11.6 mmol/L) and the “unremarkable” 
muscle biopsy findings. Since lactate usually 
originates from muscles or blood cells,3 
it should be explained whether the high 
serum lactate originated from the brain, 
myocardium, or other tissue. It should 
also be explained why the patient had 
elevated creatine kinase levels but normal 
muscle biopsy findings.1 Was the biopsy 
examined only by light microscopy or also 
by immunohistochemistry or electron 
microscopy?

The fourth point is that cerebrospinal 
fluid (CSF) findings were reported as normal, 
but it was not mentioned whether CSF lactate 
was measured or not. Since the magnetic 
resonance spectroscopy found an increased 
lactate peak, it is conceivable that the CSF 
lactate was also increased.

The fifth point is that we disagree with 
the notion that SLEs are due to cerebral 
vasculopathy.1 Since SLLs are not confined 
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