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Abstract

Purpose

Type 5 diabetes mellitus (T5DM), recently proposed as a diabetes phenotype associated with chronic undernutrition, remains poorly
characterized regarding pancreatic structural changes. This study aimed to describe pancreatic MRI morphological features in
individuals with clinically suspected TSDM from a resource-limited African setting,

Methods

This retrospective case series included four individuals with clinically suspected T5DM from Mzuzu Central Hospital, Malawi. Clinical
characteristics, nutritional history, and routine abdominal MRI findings were reviewed. Pancreatic morphology was assessed using
manual segmentation of axial T2-weighted PROPELLER images, with segmentation-derived pancreatic area and volume obtained.

Results

Four individuals (two females and two males; age range, 10-35 years) were included. All patients had a lean body habitus (BMI range,
16.4-18.3 kg/m?), childhood nutritional deprivation history, and no documented diabetic ketoacidosis or recurrent ketosis. MRI
demonstrated a consistent morphological pattern characterized by relative preservation of the pancreatic head and uncinate process
with reduction of the distal pancreas. Three patients showed thinning of the pancreatic body and tail, while the youngest patient
demonstrated a shortened pancreatic tail not reaching the splenic hilum. Pancreatic body diameter ranged from 7.6 to 11.6 mm, with
segmentation-derived pancreatic volume ranging from 16.9 to 27.3 cm?®.

Conclusion

Individuals with clinically suspected T5DM demonstrated a recurrent pancreatic MRI pattern of preserved head morphology with
reduced body and tail structures. These preliminary findings suggest that MRI-based pancreatic morphological assessment may
provide additional structural information for malnutrition-associated diabetes phenotyping, particularly in settings with limited
metabolic characterization.
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Introduction

Type 5 diabetes mellitus (T5DM), previously referred
to as malnutrition-related diabetes mellitus, was recently

pancreatic motphology'”’. Experimental and clinical
observations have supported the hypothesis that nutritional
deprivation may influence pancreatic growth and long-

reintroduced into the international diabetes classification
framework following growing recognition that chronic
undernutrition-associated diabetes represents a distinct
clinical entity'”. Historically, TSDM was primarily described
in low- and middle-income countries and was characterized
by young-onset diabetes, low body mass index (BMI), relative
insulin deficiency, and atypical ketosis resistance®’. However,
its classification has remained controversial because of
overlap with other forms of diabetes and the absence of

universally accepted diagnostic criteria™>*’.

Emerging evidence suggests that chronic undernutrition
during fetal development or early childhood may impair
pancreatic development and endocrine reserve, potentially
resulting in reduced insulin secretory capacity and altered

term metabolic function®. Nevertheless, the structural
pancreatic phenotype of suspected TSDM remains pootly
characterized, particularly using imaging-based approaches.

Pancreatic morphological abnormalities have increasingly
been recognized in several forms of diabetes®!*. MRI studies
in type 1 diabetes mellitus (T1DM), for example, have
demonstrated reduced pancreatic size, progressive pancreatic
atrophy, and altered pancreatic morphology compared with
non-diabetic individuals®". These findings suggest that
pancreatic imaging may provide clinically relevant phenotypic
information beyond conventional biochemical assessment.

Despite growing international interest in T5DM,
imaging data from sub-Saharan Africa remain extremely
limited'>>'>'°.  Malawi, a resource-limited country in
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southern Africa, advanced diagnostic investigations such as
C-peptide measurement, pancreatic autoantibody testing,
exocrine pancreatic function assessment, or genetic testing
are frequently unavailable'”. Consequently, clinicians often
rely primarily on clinical phenotype and basic laboratory
evaluation when assessing atypical diabetes presentations.
Under such conditions, routine MRI may offer a practical
opportunity  for exploratory pancreatic  phenotypic
assessment. Regrettably, there are no published local data
describing pancreatic MRI findings in patients with suspected
T5DM in Malawi. The lack of regional radiological data
hinders accurate differential diagnosis and standardized
clinical management of T5DM locally.

Against this background, this case series aims to describe
exploratory pancreatic MRI findings and quantitative
pancreatic morphological measurements in patients clinically
suspected of type 5 diabetes in Mzuzu, Malawi. The
preliminary results presented herein may provide baseline
imaging evidence for future large-scale research and help
improve the diagnostic workflow for T5SDM in resource-
limited African settings.

Materials and Methods
Study participants

This retrospective, single-center, exploratory case series was
conducted at Mzuzu Central Hospital, Malawi. Individuals
with clinically suspected T5DM who underwent abdominal

MRI between 1 February 2026 and 31 May 2026 were
consecutively identified.

Clinical suspicion of T5DM was based on a combination of
clinical characteristics suggestive of malnutrition-associated
diabetes, including young-onset diabetes, a lean body habitus,
a history of childhood nutritional deprivation or chronic
undernutrition, and absence of a typical obesity-associated
type 2 diabetes mellitus phenotype. A history of diabetic
ketoacidosis (DKA) or recurrent ketosis was assessed where
available. Because advanced metabolic, immunological, and
genetic evaluations, including C-peptide measurement and
pancreatic autoantibody testing, were not routinely available,
cases were classified as clinically suspected T5DM rather
than confirmed T5DM. Inclusion criteria were: (1) clinical
suspicion of T5DM based on available clinical information;
(2) available demographic and clinical records; and (3)
completion of abdominal MRI examination with adequate
pancreatic visualization. Exclusion criteria included a history
of known pancreatic disease, severe chronic liver or renal
disease, or contraindications to MRI.

Clinical data collection

Demographic and clinical data were retrospectively extracted
from medical records, including age, sex, body mass index
(BMI), history of childhood nutritional deprivation, history
of DKA or ketosis, current diabetes treatment status, and
available laboratory data. Fasting plasma glucose values were
recorded when available; because all included individuals
were receiving insulin therapy at the time of evaluation,
these measurements were interpreted as current glycaemic
status under treatment rather than baseline disease severity.

MRI protocol

MRI examinations were performed using a locally available
1.5T clinical MRI scanner. Routine abdominal MRI protocols
were acquired without intravenous contrast administration,
including axial T1-weighted and T2-weighted sequences.

Because the study was performed in a resource-limited
clinical setting, dedicated pancreatic MRI protocols and
advanced quantitative sequences were not routinely available.
Axial T2-weighted PROPELLER images provided the most
consistent visualization of pancreatic parenchyma and were
therefore selected for morphological assessment. MRI
datasets were reviewed independently by two radiologists
with abdominal imaging experience, who were blinded to the
clinical details during image evaluation.

Pancreatic Morphological Measurement and
Evaluation

Pancreatic morphology was assessed using axial T2-weighted
PROPELLER images, which were selected because of their
improved robustness to respiratory motion and consistent
visualization of pancreatic margins'™'*"”. The assessed
morphological parameters included pancreatic body
anterior-posterior diameter, approximate pancreatic area, and
segmentation-derived pancreatic volume. For segmentation
analysis, axial T2-weighted PROPELLER images were
imported into ITK-SNAP (version 4.4.0)*". The pancreas
was manually delineated slice-by-slice by a radiologist with
abdominal imaging experience. The segmentation included
visible pancreatic parenchyma while excluding adjacent
vessels, bowel structures, and surrounding fat tissue. The
resulting segmentation masks were subsequently imported
into 3D Slicer (version 5.10.0) for calculation of segmentation-
derived pancreatic volume and pancreatic area. Pancreatic
body anterior-posterior diameter was measured on axial
images at the level of the superior mesenteric vein whenever
this anatomical landmark was clearly visualized.

Results

Demographic and clinical characteristics

A total of four individuals with clinically suspected T5DM
were included in this case series. Detailed demographic,
clinical and laboratory data are summarized in Table 1. The
patients were aged 10-35 years, including two females and two
males. All patients had a lean body habitus, with BMI ranging
from 16.4 to 18.3 kg/m?. A history suggestive of childhood
nutritional deprivation was documented in all cases. None of
the patients reported previous diabetic ketoacidosis (DKA)
or recurrent ketosis episodes. All patients were receiving
insulin therapy at the time of evaluation. Available fasting
plasma glucose measurements, obtained during routine
follow-up under treatment, ranged from 78 to 383 mg/dL
and were therefore interpreted as reflecting treated glycaemic
status rather than baseline disease severity.

MRI-based pancreatic morphological assessment

Across the four cases, a consistent pattern of pancreatic
morphological alteration was observed. The pancreatic
head and uncinate process appeared relatively preserved,
while the distal pancreas demonstrated variable degrees of
morphological reduction, including thinning of the body
and shortening of the tail. Three patients (cases 1-3) showed
a slender pancreatic body and tail with relatively preserved
pancreatic head morphology. The youngest patient (case 4,
10-year-old male) also demonstrated preservation of the
pancreatic head and uncinate process, with a relatively short
pancreatic tail that did not extend fully to the splenic hilum.
No focal pancreatic mass, large cystic lesion, or imaging
features of advanced chronic calcific pancreatitis were
identified.
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Table 1. Demographic and clinical characteristics of individuals with clinically suspected type 5 diabetes mellitus

Current
Age BMI Chll(.“.m()d fasting Urine Ketoacidosis
Case (years) Sex (kg/m?) nutritional  plasma Ketones Histor
y & deprivation glucose y

(mg/dL)

1 22 Female 18.3 Present 383 Absent Absent

2 35 Female  18.1 Present 275 Absent Absent

3 17 Male 17.9 Present 224 Absent Absent

4 10 Male 16.4 Present 78 Absent Absent

Table 2. MRI-derived pancreatic morphological parameters of individuals with clinically suspected type 5 diabetes mellitus

Case Age Sex Pancreatic Segmentation- Segmentation-
(years) body diameter  derived derived
(mm) pancreatic area  pancreatic
(cm?) volume (cm?)
1 22 Female 7.6 58.4 229
2 35 Female 9.6 63.4 231
3 17 Male 1.6 69.9 27.3
4 10 Male 8.9 48.6 16.9

Figure 1. Representative T2-weighted PROPELLER MRI findings in a 10-year-old boy with clinically suspected type 5 diabetes
mellitus. (a) Relative preservation of the pancreatic head (asterisk). (b) Shortened distal pancreas with reduced extension of the
pancreatic tail toward the splenic hilum (white arrows)

Mild bilateral pleural effusion was observed on MRI in all
included patients.

Quantitative results of pancreatic body anterior-postetior
diameter, pancreatic area and pancfreatic volume are listed
in Table 2. The pancreatic body anterior-posterior diameter
ranged from 7.6 to 11.6 mm. Segmentation-derived pancreatic
area ranged from 48.6 to 69.9 cm?, and segmentation-derived
pancreatic volume ranged from 16.9 to 27.3 cm?. The lowest
pancreatic volume was observed in case 4 (16.9 cm?®), whereas
the largest volume was observed in case 3 (27.3 cm?). Figure
1 shows one representative case of suspected TSDM.

Discussion

In this case series from Mzuzu Central Hospital, Malawi,
pancreatic MRI demonstrated a consistent morphological
pattern among four individuals with clinically suspected
T5DM based on clinical characteristics including lean
phenotype, childhood nutritional deprivation history, and
absence of ketosis-prone presentation. The pancreatic
head and uncinate process were relatively preserved in all

cases, whereas the pancreatic body and tail showed varying
degrees of reduction, including parenchymal thinning and
shortening of the distal pancreas. Although based on a small
number of patients, the reproducibility of this distributional
pattern across cases raises the possibility that distal pancreatic
morphological changes may represent a relevant imaging
feature in individuals with malnutrition-associated diabetes.

These findings should be interpreted within the context of an
exploratory imaging study. In the absence of comprehensive
pancreatic endocrine assessment, including C-peptide
measurement, pancreatic autoantibody testing, and genetic
evaluation, the observed MRI features cannot be considered
specific diagnostic markers for T5DM. Rather, this study
provides preliminary radiological observations that may
contribute to the characterization of pancreatic structural
changes in populations where detailed diabetes phenotyping
remains challenging;

The relative preservation of the pancreatic head and
uncinate process with reduction of the pancreatic body and
tail was a notable observation in this series. The anatomical
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basis underlying this distribution remains uncertain;
however, regional differences in pancreatic development,
tissue reserve, vascular supply, or susceptibility to chronic
nutritional stress may contribute. Previous studies have
demonstrated that pancreatic morphology is influenced by
multiple factors, including age, sex, body size, adiposity, and
metabolic status, highlighting the importance of interpreting
pancreatic measurements within an appropriate clinical
context™?>.

Pancreatic structural alterations have been described in
several diabetes phenotypes, although the mechanisms are
likely heterogeneous. In type 1 diabetes mellitus (T1DM),
reduced pancreatic volume has been consistently reported
using MRI, including in individuals with recently diagnosed
disease®'"3#+% These observations suggest that autoimmune
diabetes may be associated with structural changes extending
beyond pancreatic B-cell destruction alone. Proposed
mechanisms include immune-mediated injury, reduced
trophic effects of insulin and other $-cell-derived factors, and
alterations in pancreatic tissue composition®**. In contrast,
pancreatic morphology in type 2 diabetes mellitus (T2DM) is
strongly influenced by metabolic factors, particularly obesity,
insulin resistance, and ectopic fat accumulation. Although
some studies have reported reduced pancreatic volume in
T2DM, other studies have emphasized increased pancreatic
fat deposition and metabolic remodeling rather than
uniform pancreatic atrophy®'** . The individuals described
in this series had a distinct lean phenotype with low BMI
and a history of childhood nutritional deprivation, which
differs from the typical metabolic context associated with
common T2DM. Pancreatic changes are also well recognized
in pancreatogenic diabetes (type 3c diabetes mellitus),
where chronic pancreatitis, fibrosis, and exocrine tissue
destruction may lead to pancreatic atrophy and impaired
endocrine function®. However, none of the patients in this
series demonstrated imaging features of advanced chronic
pancreatitis, such as calcification, ductal abnormalities, or
focal pancreatic destruction. Therefore, the observed distal
pancreatic reduction may not represent classical pancreatitis-
associated pancreatic loss.

The biological basis of the morphological pattern observed
in this series remains uncertain. Chronic undernutrition
provides a plausible mechanism, as eatly-life nutritional
deprivation has been associated with impaired pancreatic
development, altered -cell mass, and long-term metabolic
consequences’’. Malnutrition-related diabetes, historically
described in populations exposed to chronic nutritional
stress, may represent a distinct pathway of diabetes
development compared with autoimmune or metabolic
forms of diabetes®'®. Recent discussions surrounding TSDM
have emphasized the need to better define the relationship
between nutritional deprivation, pancreatic structural
changes, and endocrine dysfunction''.

The relative preservation of the pancreatic head with
involvement of the distal pancreas raises additional questions
regarding regional susceptibility. The pancreas develops from
distinct embryological components, and regional differences
in developmental regulation and tissue composition may
theoretically influence the response to chronic nutritional
stress®. However, whether this distributional pattern
represents a characteristic feature of T5DM or reflects
individual variation cannot be determined from the current
sample and requires validation in larger imaging cohorts.

In this study, pancreatic morphology was assessed using
routine abdominal MRI rather than a dedicated pancreatic
imaging protocol. Despite the absence of isotropic high-
resolution sequences, T2WI PROPELLER images provided
sufficient pancreatic visualization for morphological
assessment. Previous studies have demonstrated that
MRI-based pancreatic volume measurement is feasible
and reproducible, supporting the use of imaging-derived
pancreatic morphology as a potential approach for
phenotyping pancreatic structural changes'™"”. In settings
where advanced metabolic and immunological testing is
unavailable, routine MRI may provide complementary
information to clinical assessment. The presence of
mild bilateral pleural effusion in all four patients was an
additional imaging observation. In the context of low BMI
and childhood nutritional deprivation, pleural effusion
may reflect altered nutritional status, low protein states, or
other systemic physiological changes. However, because
biochemical nutritional markers such as serum albumin were
unavailable, this finding should be interpreted cautiously.

Several limitations should be acknowledged. First, this was
a small, single-centre case series and the findings require
confirmation in larger cohorts. Second, classification of
T5DM could not be be definitively confirmed because
C-peptide, pancreatic autoantibodies, pancreatic exocrine
function testing, and genetic evaluation were unavailable.
Third, the lack of age-, sex-, and body-size-matched
controls prevented determination of whether the observed
pancreatic morphology differs from expected variation
related to nutritional status. Finally, because MRI acquisition
was not optimized for quantitative pancreatic volumetry,
segmentation-derived volumes should be considered
morphological estimates rather than definitive reference
measurements. Despite these limitations, this study
provides preliminary radiological observations of pancreatic
morphology in individuals with suspected T5DM from an
underrepresented population. The consistent finding of
relative preservation of the pancreatic head with reduction
of the body and tail suggests a potential imaging pattern that
warrants further investigation. Future studies incorporating
standardized MRI protocols, nutritional assessment, and
pancreatic functional biomarkers are needed to determine
whether these morphological features are associated with
T5DM-specific pathophysiological processes.

Conclusion
Routine pancreatic MRI demonstrated a consistent
morphological pattern in individuals with clinically

suspected T5DM, characterized by relative preservation of
the pancreatic head and uncinate process with reduction
of the pancreatic body and tail. Although these findings
are preliminary and not diagnostic, they suggest that MRI
may provide useful structural phenotyping information
in suspected malnutrition-associated diabetes, particularly
in settings where comprehensive metabolic evaluation is
limited. Further studies with larger cohorts and appropriate
control groups are needed to clarify the clinical significance
of these imaging features.
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