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Type 2 diabetes mellitus was once thought to be irreversible and 
progressive.
Processes that cause type 2 diabetes can be returned to normal 
functioning by restriction of food energy to achieve weight loss of 
around 15 kg. Around half of people who are within the first 10 years 
of diagnosis and manage to follow food energy restriction can stop all 
diabetes medication and return to non-diabetic glucose control.



Type 2 diabetes develops as long term intake of excess food energy
leads to accumulation of liver fat, driven by a vicious cycle of hepatic 
insulin resistance and hyperinsulinaemia. The raised liver fat level 
causes increased hepatic export of very low density lipoprotein 
(VLDL) triglycerides. If the subcutaneous fat depot cannot 
accommodate this, ectopic fat will build up, including in the pancreas. 
In people with susceptible β cells, the acute insulin response to food 
becomes diminished and de novo lipogenesis from glucose is 
enhanced. β Cell function can be restored if liver fat is reduced 
through weight loss.
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People with a T2DM duration of 0.5–23 years (n = 30) followed a VLCD for 8 weeks. All 
oral agents or insulins were stopped at baseline.
Responders were defined as achieving fasting blood glucose <7 mmol/L after return to 
isocaloric diet.



Steven S, Diabetes Care 2016;39:808–815



Steven S, Diabetes Care 2016;39:808–815

Responders had a shorter 
duration of diabetes and a 
higher initial fasting plasma 
insulin level

Hepatic triglyceride content, hepatic insulin resistance index, hepatic VLDL triglyceride 
production, change in first-phase insulin response and pancreas triglyceride content in 
responders and nonresponders at baseline (hatched bars), after VLCD (checkered bars), 
and after 6 months of weight maintenance (striped bars)
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Remission at 6 months

doi: 10.1136/bmj.m4743 | BMJ 2021;372:m4743 



Although the recommended dietary allowance for carbohydrate for
adults without diabetes (19 years and older) is 130 g/day and is determined in
part by the brain’s requirement for glucose, this energy requirement can be
fulfilled by the body’s metabolic processes, which include glycogenolysis, gluconeogenesis (via 
metabolism of the glycerol component of fat or gluconeogenic amino acids in protein), and/or 
ketogenesis in the setting of VLCKD

For select adults with type 2 diabetes not meeting glycemic targets or where reducing antiglycemic
medications is a priority, reducing overall carbohydrate intake with low- or very low carbohydrate 
eating plans is a viable approach



VLCKD represents a nutritional intervention that mimics fasting through a marked restriction 
of daily carbohydrate intake, usually lower than 30 g/day (≃13% of total energy intake), with 
a relative increase in the proportions of fat (≃44%) and protein (≃43%) and a total daily 
energy intake <800 Kcal. 
VLCKD should not be considered as a high-protein diet, since its daily protein intake is 
approximately 1.2-1.5 g/Kg of ideal body weight
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↑ Hepatic
insulin sensitivity

(Lim et al., 2011) ↑ Peripheral
insulin sensitivity

(Viljanen et al., 2009)
↑ 1st phase 

insulin response
(Malandrucco et al., 2012) ↓HbA1c

(Saslow LR, et al. 2017)

days weeks months

Weight loss
A Moreno et al. 2016

VLCKD effects on glucose metabolism in obese subjects

Caprio M, Infante M et al. J Endocrinol Invest 2019



ΔT0-T1 (mean ± DS) P-value ΔT2-T0 (mean ± DS) P-value

VLCKD LCD VLCKD LCD

HbA1c% 0,69 ± 0,65 0,42 ± 1,01 0,533 0,61 ± 0,54 0,13 ± 0,76 0,070

Kinetics of HbA1c % in patients
 following a VLCKD vs a LCD

Moriconi et al. Nutrients 2021
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VLCKD group LCD group

Baseline After 12 months Baseline After 12 Months

Subjects 15 15

Men 8 8

Women 7 7

Diabetes Duration
(years)

2,53 ± 1,19 2,47 ±1,36

Diet 1 4
15 8Metformin 5 11

Sulphonylurea 2 0 0 0

Metformin + GLP-1 
agonist

2 0 0 6

Metformin + SGLT2 
inhibitor

3 0 0 1

DD4-inhibitor 2 0 0 0

26.6% stopped antidiabetic 
drugs

73.3% were taking Metformin at 
the end of the study

46.6% increased 
antidiabetic 
medications

Variation of pharmacological therapy at baseline and after 12 months 

Moriconi et al. Nutrients 2021



46 patients





- Type 2 diabetes develops when personal tolerance for fat levels in the liver and pancreas 
are exceeded

- Weight loss sufficient to reverse this phenomenon will permit return to non-diabetic  
conditions in the early years after diagnosis

- Remission is durable provided that weight regain is avoided
- Avoidance of weight regain can be achieved by various strategies and individuals must find 

the dietary strategies most suited to them alongside increased physical activity
- To enable healthful dietary intakes, policy interventions such as taxation on calorie dense 

foods and restrictions on portion size are mandatory.

Take home messages
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