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Although type 2 diabetes is typically associated with excess weight, up to 10% of cases 

occur in people with a low or normal BMI. Through this case report, the author outlines 

the differential diagnosis of diabetes in someone with a normal BMI and reviews the 

potential causes of type 2 diabetes, including central adiposity, visceral fat, personal fat 

thresholds and malnutrition-related diabetes. At-risk populations and management options 

are also discussed.

Case analysis
The diagnosis of diabetes needs to be confirmed 
with laboratory measurement, but then the key 
question is what type of diabetes does Pam 
have. Careful consideration of the underlying 
cause of new-onset diabetes is required in 
adults who are not overweight or obese. Possible 
causes are listed in Box  1, with distinguishing 
features in Table 1 overleaf (Morris and Morris, 
2024).

Differential diagnosis
First, consider the possibility of type 1 diabetes 
because decompensation to diabetic ketoacidosis 
(DKA) is a life-threatening situation. The absence 
of blood ketones in Pam’s case excludes DKA, 
although the possibility of an autoimmune 
diabetes associated with pancreatic beta-cell 
autoantibodies remains.

Although Pam has no personal or family 
history of autoimmune disease, her age and 
normal BMI make latent autoimmune disease 
in adults (LADA) an important consideration. 
Best considered as a slowly developing form 
of type 1 diabetes, LADA does run the risk of 
decompensation to DKA even if the absolute 
requirement for insulin typically occurs several 
years after diagnosis (Pieralice and Pozzilli, 
2018).

Maturity-onset diabetes of the young (MODY) 
is inherited in an autosomal dominant fashion, 
and Pam’s lack of family history of diabetes is a 
strong argument against this diagnosis, which 
furthermore usually presents below the age of 
30 years (Urakami, 2019).

Pam has no symptoms suggesting chronic 
pancreatitis or previous acute pancreatitis. 
Other causes of pancreatogenic diabetes are less 

Pam, a 47-year-old Caucasian lady, attended 
surgery with symptoms of increased micturition, 
weight loss and feeling tired. She did not report 
dysuria or abdominal pain. There had been no 
change in appetite, no vomiting, no change in 
bowel habit or passage of loose or fatty stool, and 
no change in menstrual regularity.

Past medical history: Two children; nothing else 
of note.

Medication: Nil.

Social history: Married; works in IT sector; 
non-smoker; 10 units of alcohol per week.

Family history: None of note.

Examination: BMI 22.4 kg/m2 (previously 
23.1 kg/m2). No abdominal tenderness.

Investigations: Glucose +++ on dipstick urine, 
nil else. Fingerprick glucose 17.6 mmol/L, 
ketones not significantly raised.

Do you have any particular concerns over Pam’s 
clinical presentation? What would be your next 
steps in managing the case?

Case presentation

l Type 1 diabetes

l Type 2 diabetes

l Latent autoimmune 
diabetes in adults 
(LADA)

l Maturity-onset diabetes 
of the young (MODY)

l Pancreatogenic 
diabetes

l Gestational diabetes

Box 1. Possible underlying 
causes of diabetes in 
an adult who is not 
overweight or obese.
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common, including pancreatic cancer, which is 
a very rare diagnosis in people under the age of 
50 years (Duggan and Conlon, 2017).

Beyond these diagnoses, non-overweight/
non-obese type 2 diabetes remains a possibility.

Case outcome
Pam was referred urgently to hospital diabetes 
clinic as having atypical type 2 diabetes, with a 
concern that she may have had LADA.

Screening for pancreatic beta-cell autoantibodies 
(GAD, IA2 and ZnT8 autoantibodies) was 
negative, effectively excluding autoimmune 
diabetes (type 1 diabetes and LADA). CT scan 
of the pancreas did not show any abnormality. 
Faecal elastase levels, which would be low in 
chronic pancreatitis because of pancreatic exocrine 
deficiency, were normal. These latter two findings 
ruled out pancreatogenic diabetes. C-peptide levels 
were within normal range, indicating adequate 
insulin reserve and consistent with type 2 diabetes.

By excluding other forms of diabetes, it was 
concluded that Pam was likely to have type 2 
diabetes despite not being overweight or obese.

Type 2 diabetes and BMI
The classic phenotype of an individual with 
type  2 diabetes in Western society is that of 
overweight and obesity predisposing to insulin 
resistance. Insulin production may initially 
increase in an attempt to overcome this elevated 
insulin resistance, but when this coping 
mechanism fails, a relative deficiency of insulin 
secretion arises and hyperglycaemia ensues 
(Salvatore et al, 2022). This situation contrasts 
with the absolute insulin deficiency that is 
responsible for type 1 diabetes.

The risk of type 2 diabetes increases 
significantly with people who are overweight 
(BMI 25.0–29.9 kg/m2) and even more 
dramatically in those with obesity 
(BMI  >30 kg/m2). However, when other forms 
of diabetes are excluded, there remains a 
significant population with type 2 diabetes who 
have a low or normal BMI (American Diabetes 
Association, 2024). In fact, around 10% of people 
classified as having type 2 diabetes in England 
are not overweight or obese (Public Health 
England, 2014).

Clinical feature Type 2 diabetes Type 1 diabetes LADA MODY Pancreatogenic diabetes

Age of onset
Incidence increases with 
age but onset can be 
from childhood upwards

Any age but commonly 
children and young 
people

Usually >30 years Usually <25 years
Chronic pancreatitis usually 
>40 years; pancreatic 
carcinoma usually >50 years

Family history
Type 2 diabetes in family 
very common

Can be type 1 diabetes 
or other autoimmune 
disease in family

May be history 
of autoimmune 
disease in family

Strong family history: 
autosomal dominant 
inheritance

Can be hereditary causes of 
pancreatitis and pancreatic 
cancer

Ethnicity

Increased risk in Black 
African, African-
Caribbean, South Asian, 
American-Hispanic

All ethnicities affected, 
more common in 
Caucasians

All ethnicities 
affected, more 
common in 
Caucasians

All ethnicities 
affected

All ethnicities affected

Obesity Very common Uncommon Uncommon Uncommon Uncommon

Presentation 
Gradual onset,  
DKA rare

Rapid onset, osmotic 
symptoms, DKA

DKA may occur 
several years after 
diagnosis

Subacute, without 
ketosis

Can be rapid 
decompensation,  
DKA may occur

Islet cell 
autoantibodies

Uncommon Common Common Uncommon Uncommon

C-peptide 
(insulin) levels

Normal (initially) Low
Lower than type 2, 
greater than 
type 1 diabetes

Normal Variable but often low

DKA=diabetic ketoacidosis; LADA=latent autoimmune diabetes in adults; MODY=maturity-onset diabetes of the young.

Table 1. Distinguishing clinical features of new onset diabetes in a non-overweight/non-obese adult.
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It is well established that people with an Asian, 
Chinese, African or African-Caribbean family 
background are more likely to develop type 2 
diabetes at a lower BMI than white populations 
(Chiu et al, 2011). Thus, in a UK Biobank 
study for example, Asian Indians carried an 
equivalent risk of type 2 diabetes at a BMI of 
22 kg/m2 as Caucasians with a BMI of 30 kg/m2 
(Ntuk et al, 2014).

When assessing overweight and obesity in 
Asian, Chinese, African or African-Caribbean 
populations, the following lower BMI thresholds 
have been advised (NICE, 2023):
l Overweight: BMI 23.0–27.4 kg/m2.
l Obesity: 27.5 kg/m2 or above.

The global epidemic of type 2 diabetes most 
evident in the large populations of India and 
China will include substantial numbers of people 
who are not overweight or obese according to 
their BMI measurement (Salvatore et al, 2022). In 
Western society, this phenotype will generally be 
concentrated in ethnic minorities.

Central adiposity and insulin resistance
Central adiposity arises when excess fat is 
deposited intra-abdominally, rather than 
subcutaneously. It is the accumulation of this 
visceral fat in and around the liver and pancreas, 
as well as ectopic fat deposition in skeletal muscle, 
that is the key factor driving insulin resistance 
and the development of type 2 diabetes (Chan 
et al, 1994). Fat accumulation within the liver 
results in decreased peripheral glucose uptake and 
increased hepatic glucose output from the liver.

BMI does not take account of lean versus 
fat body mass, nor does it separate the fat 
component into subcutaneous or visceral, making 
it a poor surrogate marker for insulin resistance 
(NICE,  2023). People with Asian, Chinese or 
African ethnic origin tend to have proportionately 
higher degrees of visceral adiposity, and it is this 
parameter, rather than BMI per se, that dictates 
their risk of insulin resistance, type 2 diabetes and 
cardiometabolic problems.

Waist-to-height ratio
A more accurate measure of central adiposity, and 
hence risk of type 2 diabetes and cardiovascular 

disease, is waist circumference (Janssen et al, 
2004). NICE (2023) recommends measuring 
waist-to-height ratio in people with a BMI under 
35 kg/m2. Table 2 outlines the implications of 
these measurements, which are applicable to 
all ethnicities.

Reduced insulin secretion in people with 
non-overweight/non-obese type 2 diabetes
A second pathophysiological mechanism 
operating in non-overweight/non-obese people 
with type 2 diabetes is impaired insulin secretion 
secondary to reduced beta-cell function. With 
central adiposity, fat accumulation in the 
pancreas not only increases insulin resistance but 
can also lead to loss of beta-cells and reduced 
beta-cell function (Ou et al, 2013; Guglielmi and 
Sbraccia, 2018).

Decreased insulin secretion arising from 
a reduced beta-cell mass can be the result of 
intrauterine growth retardation or early post-natal 
malnutrition and, more specifically, low dietary 
protein (Gujral and Narayan, 2019; Garg and 
Dutta, 2019).

Low BMI and malnutrition-related diabetes
The term “malnutrition-related diabetes” has 
previously been used to describe people, typically 
in developing countries, with a low BMI 
(<18.5  kg/m2) who have non-insulin-dependent 
diabetes (Hugh-Jones, 1955; George et al, 2015). 
In addition to compromised insulin production 
from reduced beta-cell mass, insulin resistance 
arising from sarcopenia (these individuals suffer 
from severe muscle wasting) may be an important 
mechanism (Vaag et al, 2006).

In such individuals, insulin production remains 
sufficient to prevent ketosis but is reduced to 
the extent that even small degrees of insulin 
resistance cannot be adequately compensated for, 

Waist-to-height ratio Central adiposity status Health risks

0.4–0.49 Healthy No increased risk

0.5–0.59 Increased Increased risk

0.6 or more High Further increased risk

Table 2. Implications of waist-to-height ratio in people with BMI <35 kg/m2.
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and thus hyperglycaemia ensues (Salvatore 
et al, 2022). A recent study sought to further 
characterise this group of people with diabetes 
and low BMI and concluded that they had a 
unique metabolic profile, reviving the idea of a 
distinct diabetes class (rather than considering 
it as a low-BMI variant of type 2 diabetes) 
(Lontchi-Yimagou et al, 2022).

Personal fat thresholds
The concept of a personal fat threshold for 
subcutaneous fat storage, independent of BMI, 
which if exceeded leads to visceral fat deposition 
and predisposes to type 2 diabetes, has been 
proposed (Taylor and Holman, 2015).

In the ReTUNE study, conducted in people 
with type 2 diabetes who had a normal or 
near-normal BMI (<27 kg/m2), 70% of 
participants achieved sustained remission of their 
type 2 diabetes by means of weight loss induced 
by a very-low-calorie total-diet-replacement 
regimen, with an average weight loss of 6.5% 
(Taylor et al, 2023). The key mechanisms were 
reduction of intrahepatic fat and recovery of 
beta-cell function. The conclusion from this study 
was that loss of “excess weight” in people with 

normal or near-normal BMI could achieve type 2 
diabetes remission in a similar fashion to people 
with obesity.

Management of non-overweight/ 
non-obese type 2 diabetes
There are no specific guidelines for managing 
non-overweight/non-obese type 2 diabetes. 
The evidence would indicate the need to screen 
for type 2 diabetes at lower BMI thresholds in 
minority ethnic groups. A positive family history 
of diabetes in a person in a minority ethnic group 
is a powerful risk factor irrespective of BMI.

It is well established that weight loss in 
non-obese people with type 2 diabetes leads to 
improved blood glucose levels (UKPDS Group, 
1990). Losing weight reduces central adiposity 
and lowers insulin resistance, notably from the 
loss of fat from the liver (Seppälä-Lindroos et 
al, 2002). Therefore, advice on diet and physical 
exercise, with weight loss as a target, should 
be offered.

Weight loss also reduces fatty pancreatic 
disease, which can promote recovery of beta-cell 
function and thus improve insulin production 
(Taylor et al, 2018). Avoidance of smoking and 
excess alcohol is of great significance because, 
in addition to reducing cardiovascular risk, it 
can help preserve beta-cell function (George 
et al, 2015). Pharmacological treatments that 
preserve beta-cell function may have a key role in 
treatment (Gujral Narayan, 2019).

Metformin is effective in improving glycaemic 
control in non-obese people with type 2 diabetes 
and so remains a first-line pharmacological 
treatment option (Ito et al, 2010). The choice of 
subsequent agents will be individualised based on 
comorbidities, need to avoid hypoglycaemia and 
the importance of weight loss (NICE, 2022).

People with non-overweight/non-obese type  2 
diabetes are at high risk of cardiovascular events, 
and it is essential that treatment of hypertension 
and use of statins for dyslipidaemia are rigorously 
addressed. n
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l Around 10% of people with 
type 2 diabetes in the UK are 
not overweight or obese.

l It is important to consider other 
possible causes of diabetes 
before diagnosing an individual 
with non-overweight/non-obese 
type 2 diabetes.

l Non-overweight/non-obese 
type 2 diabetes is more common 
in people with Asian, Chinese, 
African and African-Caribbean 
ethnic origin. Lower BMI thresholds 
should be used when assessing 
risk of type 2 diabetes in these 
populations.

l Central adiposity is characterised 
by the accumulation of visceral fat, 
which determines the risk of insulin 
resistance, type 2 diabetes and 
cardiometabolic problems.

l BMI is a poor indicator of central 
adiposity. Waist-to-height ratio is a 
more accurate measure.

l Reduced beta-cell activity may 
be an important contributor to 
non-overweight/non-obese type 2 
diabetes. This can arise from fat 
accumulation in the pancreas 
or be the result of intrauterine 
growth retardation or early-life 
malnutrition.

l There are no specific guidelines 
for managing non-overweight/ 
non-obese type 2 diabetes. 
Lifestyle advice, including 
weight loss, is the cornerstone 
of management, and glycaemic 
control and reducing cardiovascular 
risk are the essential aims.

Article learning points

How to correctly 
diagnose and 
classify diabetes

A quick guide for primary 
care on ensuring that 
diabetes is diagnosed 
correctly and accurately.

Diabetes & Primary Care 24: 
107–10

Click here to access

Further 
reading

https://diabetesonthenet.com/diabetes-primary-care/diagnose-and-classify-diabetes/


Case report: Non-overweight/non-obese type 2 diabetes

Diabetes & Primary Care Vol 26 No 6 2024 5

Chiu M, Austin PC, Manuel DG et al (2011) Deriving ethnic-specific 
BMI cutoff points for assessing diabetes risk. Diabetes Care 34: 
1741–8

Duggan SN, Conlon KC (2017) Pancreatogenic type 3c diabetes: 
Underestimated, underappreciated and poorly managed. 
Practical Gastroenterology May: 14–23

Garg DK, Dutta MK (2019) Body mass composition among 
underweight type 2 diabetes mellitus patients – a cross-sectional 
comparative study. Indian J Endocrinol Metab 23: 222–6

George AM, Jacob AG, Fogelfeld L (2015) Lean diabetes mellitus: 
An  emerging entity in the era of obesity. World J Diabetes 6: 
613–20

Guglielmi V, Sbraccia P (2018)  Type 2 diabetes: Does pancreatic fat 
really matter? Diabetes Metab Res Rev 34: e2955

Gujral UP, Narayan KMV (2019) Diabetes in normal-weight 
individuals: High susceptibility in nonwhite populations. Diabetes 
Care 42: 2164–6

Hugh-Jones P (1955) Diabetes in Jamaica. Lancet 269: 891–7

Ito H, Ishida H, Takeuchi Y et al (2010) Long-term effect of 
metformin on blood glucose control in non-obese patients with 
type 2 diabetes mellitus. Nutr Metab (Lond) 7: 83

Janssen I, Katzmarzyk PT, Ross R (2004) Waist circumference and 
not body mass index explains obesity-related health risk. Am J 
Clin Nutr 79: 379–84

Lontchi-Yimagou E, Dasgupta R, Anoop S et al (2022) An atypical 
form of diabetes among individuals with low BMI. Diabetes Care 
45: 1428–37

Morris J, Morris D (2024) Case report: LADA – assessing diabetes in 
a non-overweight younger person. Diabetes & Primary Care 26: 
123–7

NICE (2022) Type 2 diabetes in adults: management [NG28]. 
Available at: https://www.nice.org.uk/guidance/ng28

NICE (2023a) Obesity: identification, assessment and management 
[CG189]. Available at: https://www.nice.org.uk/guidance/cg189

Ntuk UE, Gill JM, Mackay DF et al (2014) Ethnic-specific obesity 
cutoffs for diabetes risk: Cross-sectional study of 490,288 UK 
biobank participants. Diabetes Care 37: 2500–7

Ou HY, Wang CY, Yang YC et al (2013) The association between 
nonalcoholic fatty pancreas disease and diabetes. PLoS One 8: 
e62561

Pieralice S, Pozzilli P (2018) Latent autoimmune diabetes in adults: 
A  review on clinical implications and management. Diabetes 
Metab J 42: 451–64

Public Health England (2014) Adult obesity and type 2 diabetes. 
Available at: https://bit.ly/4fbIVgz

Salvatore T, Galiero R, Caturano A et al (2022) Current knowledge 
on the pathophysiology of lean/normal-weight type 2 diabetes. 
Int J Mol Sci 24: 658

Seppälä-Lindroos A, Vehkavaara S, Häkkinen AM et al (2002) 
Fat accumulation in the liver is associated with defects in insulin 
suppression of glucose production and serum free fatty acids 
independent of obesity in normal men. J Clin Endocrinol Metab 
87: 3023–8

Taylor R, Holman RR (2015) Normal weight individuals who develop 
type 2 diabetes: The personal fat threshold. Clin Sci (Lond) 128: 
405–10

Taylor R, Al-Mrabeh A, Zhyzhneuskaya S et al (2018) Remission of 
human type 2 diabetes requires decrease in liver and pancreas fat 
content but is dependent upon capacity for ß cell recovery. Cell 
Metab 28: 547–56

Taylor R, Barnes AC, Hollingsworth KG et al (2023) Aetiology of 
type  2 diabetes in people with a “normal” body mass index: 
Testing the personal fat threshold hypothesis. Clin Sci (Lond) 137: 
1333–46

UKPDS Group (1990) UK Prospective Diabetes Study 7: Response of 
fasting plasma glucose to diet therapy in newly presenting type II 
diabetic patients. Metabolism 39: 905–12

Urakami T (2019) Maturity-onset diabetes of the young (MODY): 
Current perspectives on diagnosis and treatment. Diabetes Metab 
Syndr Obes 12: 1047–56

Vaag A, Jensen CB, Poulsen P et al (2006) Metabolic aspects of 
insulin resistance in individuals born small for gestational age. 
Horm Res 65(Suppl 3): 137–43

Interactive case study: 
Making a diagnosis 
of type 2 diabetes

Colin, Rao and Rachael 
each have signs of elevated 
blood glucose, but how 
should correct diagnoses 
be made?

Diabetes & Primary Care 
23: 45

Click here to access

Further 
reading

https://diabetesonthenet.com/diabetes-primary-care/case-report-lada/
https://diabetesonthenet.com/diabetes-primary-care/case-report-lada/
https://www.nice.org.uk/guidance/ng28
https://www.nice.org.uk/guidance/cg189
https://www.gov.uk/government/publications/adult-obesity-and-type-2-diabetes
https://diabetesonthenet.com/cpd-module/making-a-diagnosis-of-type-2-diabetes/

