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Abstract 

The prevalence of obesity is increasing rapidly worldwide and represents a serious public 

health problem. In order to prevent obesity, the causes of obesity should be identified and 

appropriate interventions developed. In this review, the carbohydrate-insulin model, which 

is one of the causal perspectives to obesity, and recent studies on this approach are discussed 

and evaluated together with the energy balance model. Reduced total energy expenditure 

when adhering to healthy dietary recommendations without energy restriction or dietary 

energy restriction interventions makes it difficult to understand the energy-independent 

insulinaemic effect of diet. Although more studies are needed on the causal approaches to 

obesity, it was concluded that high-fibre and low-glycaemic load diets, rather than 

carbohydrate-restricted diets in the carbohydrate-insulin model, may give more favorable 

results in trials. In addition, individualized nutritional and dietary models should be 

developed under the guidance of a dietician in the treatment of obesity. 
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1. Introduction 

Obesity and obesity-related deaths are increasing 

rapidly around the world. According to the World 

Health Organization, at least 2.8 million people die 

each year because they are overweight or obese 

(WHO, 2023). To prevent obesity, the causes of 

obesity should be identified and individual and 

societal interventions should be developed to address 

these causes. In addition to the Energy Balance Model 

(EBM) in identifying the causes of obesity, the 

Carbohydrate Insulin Model (CIM), which is a more 

recent approach, is also discussed. This review 

analyses the CIM, which has been proposed as one of 

the causes of obesity, and compares it with the EBM. 

The EBM approach to obesity is more concerned with 

positive energy balance, while CIM focuses on 

hormonal and metabolic responses rather than calorie 

intake (Ludwig et al., 2021, Ludwig et al., 2022). The 

CIM model proposes metabolic processes that cause 

insulin resistance. In the CIM, high circulating fatty 

acids and other metabolites activate protein kinases 

such as Protein Kinase C (PKC), Jun kinase (JNK), 

and inhibitor of nuclear factor-κB (NF-κB) kinase-β 

(IKKβ), and may cause these kinases to impair insulin 

signaling by increasing inhibitory serine 

phosphorylation of insulin receptor substrates (IRS) 

(key mediators of insulin receptor signaling) (Petersen 

& Shulman, 2006). It is also reported that TNF-

induced insulin resistance is associated with increased 

IL-18 gene expression in muscle tissue (Krogh-

Madsen et al., 2006). It is suggested that this is due to 

the transcription of miR-146b, an intergenic miRNA 

that can regulate the inflammatory process by  

 

 

 

 

attenuating cytokine signaling via nuclear factor-κB 

(Shi et al., 2014). 

2. Methodology 

PubMed, Sciencedirect and Wiley databases were 

used to search for relevant literature. Keywords 

included carbohydrate-insulin model, energy balance 

model, obesity, complex carbohydrates, carbohydrate 

quality, glycemic index, glycemic load, insulin 

resistance, blood glucose, type 2 diabetes and various 

combinations of these terms. Research articles, 

narrative reviews, systematic reviews and meta-

analyses published in the last 10 years were analysed. 

Only articles published in English were included.  

3. Carbohydrate Insulin Model 

There are two different views to explain the causes of 

obesity: EBM and the CIM. In the EBM, an increased 

intake of energy-dense, palatable, ultra-processed 

foods with a change in dietary pattern provides a 

positive energy balance and causes an increase in the 

amount of body fat (Ludwig et al., 2021). The CIM 

hypothesis is that increased fat content triggers the 

desire to overeat (Ludwig et al., 2022). In the energy 

balance approach, dietary interventions take the form 

of energy restriction, since a positive energy balance 

increases the body weight of individuals. However, 

CIM argues that carbohydrates that stimulate insulin 

release should be reduced to reduce body fat (Hall et 

al., 2015). Insulin plays a key role in this model. 

Insulin reduces ketone production in the liver, 

stimulates glycogen and fat accumulation by allowing 

circulating glucose to be taken into the cell (Ludwig 
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& Ebbeling, 2018). Refined carbohydrates in 

particular are insulinaemic and have a very high 

glycaemic load (GL).  

When these high-GL foods enter the body, they are 

digested very quickly and induce the release of insulin 

and glucagon-like peptide-1 (GLIP-1), inhibit 

lipolysis and promote fat accumulation in adipose 

tissue (Ludwig & Friedman, 2014). Therefore, this 

dietary pattern causes hyperinsulinemia, which leads 

to an increase in adipose tissue and sheds light on the 

relationship between obesity and hormonal response 

(Taubes, 2007). 

4. Carbohydrate Quantity/Quality in the 

Carbohydrate-Insulin Model and 

Comparison with the Energy Balance Model 

In the CIM approach, it has been reported in the 

literature that foods with a high glycaemic load trigger 

obesity. In this approach, research generally focuses 

on dietary carbohydrate ratio and carbohydrate 

quality. This is a controversial topic because the 

research is very conflicting. 

4.1. Carbohydrate Quantity 

Dietary carbohydrate intake is reduced in three 

categories (reduced carbohydrate diet, low 

carbohydrate diet and very low carbohydrate diet). In 

a reduced carbohydrate diet, at least 130 g of 

carbohydrates are consumed daily and the amount of 

carbohydrates does not exceed 45% of total energy 

intake. The carbohydrate restriction in a low-

carbohydrate diet is between 30-130 g per day. Very 

low carbohydrate diets contain <30 g of carbohydrate 

per day.  Studies have generally compared low-

carbohydrate diets with low-fat diets (10-15% of total 

daily energy intake from fat) (Hite et al., 2011). 

In a study by Hall et al. (Hall et al., 2015) of 19 obese 

American subjects, which examined the effects of fat-

restricted and carbohydrate-restricted diets of 

equivalent energy on fat oxidation and body fat loss, 

it was found that fat oxidation did not change in those 

on the low-fat diet (LFD) compared with those on the 

carbohydrate-restricted diet, despite the equivalent 

energy, but there was a greater rate of body fat loss. In 

contrast, another study showed that those who 

consumed a low-carbohydrate diet for 12 months had 

a significant decrease in body weight and fat mass 

compared with those who consumed a low-fat diet 

(Bazzano et al., 2014). The same contradiction exists 

in the relationship between low-carbohydrate diets 

and fasting blood glucose, serum insulin and other 

glucose parameters. A decline in body weight, HbA1c 

and fasting plasma glucose levels was observed in 

people with HbA1c levels of 6.0-6.9% who were not 

receiving diabetes treatment compared with the 

control group (no change in diet) after consuming less 

than 40 g of carbohydrate per day for 6 months 

(Dorans et al., 2022). On the contrary, no significant 

difference in serum glucose and insulin levels was 

observed in the low-carbohydrate and low-fat diet 

groups over 12 months in the study by Bazzano et al. 

(Bazzano et al., 2014). A meta-analysis of 13 

randomised controlled trials comparing low-

carbohydrate diets with low-fat diets for at least 12 

months showed significant reductions in body weight, 

triglycerides and diastolic blood pressure in those on 

very low-carbohydrate diets compared with those on 

low-fat diets (Bueno et al., 2013). A systematic review 

and meta-analysis of 22 randomised controlled trials 
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in South Africa showed that high carbohydrate intake 

(compared with low carbohydrate intake) was 

associated with a small increase in the risk of obesity.  

Limitations of the study included the non-standardised 

categorisation of dietary intake across studies and 

confounding factors such as total energy intake, 

activity level, age and sex (Sartorius et al., 2018). 

Therefore, further studies are needed to classify 

carbohydrate intake by type in detail and to examine 

the direct effect of dietary carbohydrate ratios on 

insulin secretion and its relationship with obesity.  

When healthy eating recommendations are followed, 

even in the absence of energy restriction (regardless of 

diet type), individuals' daily energy intake decreases 

by an average of 500-600 kcal (Gardner et al., 2018). 

In addition, the low-carbohydrate diet contains less 

simple sugars than the control group due to 

carbohydrate restriction, so the glycaemic load is low 

and energy intake is significantly reduced (Dorans et 

al., 2022). Moreover, energy restriction is applied to 

individuals in the studies (Hall et al., 2015; Tricò et 

al., 2021). Therefore, it is difficult to interpret the 

insulinaemic effect of diet alone, independent of the 

energy intake of the carbohydrate insulin model under 

these conditions. In this case, studies evaluating the 

carbohydrate ratio or glycaemic load of the diet 

without energy restriction/alteration are needed. The 

American Diabetes Association has published a 

guideline for adults with type 2 diabetes that includes 

low and very low carbohydrate dietary patterns 

(Siverhus, 2019). This guideline includes low-very 

low-carbohydrate dietary patterns and plans of experts 

in adults with type 2 diabetes. According to European 

recommendations, there are relationships between 

very low carbohydrate ketogenic diets and 

hypoglycaemia, ketoacidosis and vitamin-mineral 

deficiencies; also a relationship between extremely 

high carbohydrate or low carbohydrate dietarty 

approaches and high mortality (Aas et al., 2023).  

The ESPEN 2021 guideline states that hospitalised 

patients with diabetes should avoid diets with a 

carbohydrate content of less than 40% of total energy 

intake, as this is associated with low energy intake and 

risk of malnutrition (Thibault et al., 2021). Although 

adaptation to long-term low-carbohydrate diets is not 

a problem (Ebrahimpour-Koujan et al., 2019), as they 

generally have short-term metabolic benefits and are 

of limited efficacy and practicality in the long term 

(Barber et al., 2021), it is important for professionals 

to be aware of these issues when applying low-

carbohydrate diets to obese people and people with 

type 2 diabetes. 

4.2. Carbohydrate Quality 

High quality carbohydrate sources (whole grains, 

legumes or fruits), low glycaemic index (GI) and 

glycaemic load (GL), high dietary fibre and low sugar 

content are the determinants of carbohydrate quality 

(Sievenpiper, 2020). Low-carbohydrate diets reduce 

the consumption of whole grains, which are a source 

of high-quality carbohydrates, and consequently 

reduce the daily intake of dietary fibre. Low-

carbohydrate diets contain significantly fewer whole 

grains than diets with no restrictions on any food 

group (DASH diet, Mediterranean diet, etc.) (Turner-

McGrievy et al., 2021). In addition, the group who 

were in low-carbohydrate diet had a lower total fibre 

intake comparing the low-fat diet group (Gardner et 

al., 2018). A systematic review and meta-analysis 
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conducted to identify markers that explain the 

association between carbohydrate quality and health 

found that high dietary fibre intakes have significant 

benefits in protecting against type 2 diabetes, 

cardiovascular disease and cancer, and that body 

weight, blood pressure and total cholesterol levels 

benefits in protecting against type 2 diabetes, 

cardiovascular disease and cancer, and that body 

weight, blood pressure and total cholesterol levels 

decreased significantly with increasing dietary fibre 

intake (Reynolds et al., 2019). As dietary fibre is 

thought to regulate glucose and lipid parameters in 

individuals by supporting the gut microbiota through 

the production of short-chain fatty acids (Cronin et al., 

2021) daily fibre consumption is particularly 

important in the prevention of obesity and obesity-

related diseases. 

In a review of carbohydrate quality studies in the 

literature, HOMA index, serum diacylglycerols and 

triacylglycerols, insulin, leptin and proinflammatory 

cytokines increased more in rats fed a high GI diet for 

4 weeks than in those fed a low GI diet. In addition, 

an increase in fatty liver and overall adipose tissue was 

observed in obese rats fed rapidly digested 

carbohydrates (Manzano et al., 2022). In a randomised 

trial of 121 mildly obese adults, those fed a low-GI 

diet for 6 months had greater weight loss and greater 

progression in insulin resistance and sensitivity 

comparing low-fat diet group (Juanola-Falgarona et 

al., 2014). It is thought that low glycaemic index diets 

increase pregnancy rates in women and have an effect 

on the weight of babies to be born when used during 

pregnancy. A study of adult women who were with a 

body mass index (BMI) of 25-40 kg/m2 undergoing In 

Vitro Fertilisation (IVF) reported that a hypocaloric 

low-glycaemic index diet improved oocyte 

development and pregnancy rates (Juanola-Falgarona 

et al., 2014). 

As a result of a meta-analysis of 5 randomised 

controlled trials and 302 participants, it was reported 

that low glycaemic index diets contributed to a 

reduced risk of macrosomia in patients with 

gestational diabetes compared with the control group.  

It was also reported that low glycaemic index diets 

with added dietary fibre further reduced the risk of 

macrosomia (Wei et al., 2016). According to these 

results, focusing on the quality of carbohydrates in the 

diet seems to be more beneficial than focusing on the 

quantity of carbohydrates (Sievenpiper, 2020). 

4.3. Carbohydrate Insulin Model-Energy 

Balance Model 

As shown in Figure 1, it has been reported that 

unhealthy dietary patterns can trigger either 

inflammatory or insulinaemic responses in the 

development of obesity and type 2 diabetes; with this 

view, the EBM shows the inflammatory response of 

individuals to diet, while the CIM explains the 

hormonal and metabolic responses. Evaluating these 

models together, rather than comparing them, may be 

a more accurate approach to assessing the 

development of obesity and associated diabetes (Ss, 

2023). It has also been suggested that diets that focus 

on dietary models (taking into account the quality of 

carbohydrates) rather than a single type of diet are 

more appropriate (Sievenpiper, 2020). For the 

prevention of obesity and its complications, it seems 

more appropriate to develop individual dietary plans 

under the guidance of a dietician. 
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Figure 1. Causal Approaches of Obesity 

The figure was adapted from Ludwig DS, Aronne LJ, Astrup A, de Cabo R, Cantley LC, Friedman MI, 

et al. (2021) The carbohydrate-insulin model: a physiological perspective on the obesity pandemic. Am 

J Clin Nutr.114(6):1873-85  and Ludwig DS, Apovian CM, Aronne LJ, Astrup A, Cantley LC, Ebbeling 

CB, et al. (2022) Competing paradigms of obesity pathogenesis: energy balance versus carbohydrate-

insulin models. Eur J Clin Nutr. 76(9):1209-21. Adapted with permission. 

 

4.4. Long-Term Risk Assessment of Low 

Carbohydrate Diet and The Importance of 

Personalised Diets 

Low-carbohydrate diets are promoted in CIM in order 

to reduce the hyperinsulinemic effect. Some studies 

indicate beneficial metabolic effects of low-

carbohydrate diets (Bazzano et al., 2014; Dorans et al., 

2022), yet a contradictory finding exists as well (Hall 

et al., 2015). First of all, there is a lack of 

standardization of carbohydrate classification in 

studies (Feinman et al., 2015). This makes it difficult 

to compare low-carb diets with other dietary models, 

which in turn makes it difficult to explain the CIM 

approach.  

 

Second, low-carbohydrate diets pose sustainability 

concerns because they increase the proportion of the 

diet coming from protein and fat. Low-carbohydrate 

diets cause some side effects, such as fatigue, 

headache and muscle pain, and serious side effects, 

such as ketoacidosis (Teicholz et al., 2025). 

Carbohydrate restriction may also result in low intakes 

of dietary fibre, minerals, vitamins, trace elements and 

PUFAs (Sampaio, 2016). 

Moreover, It may cause a decrease in dietary fiber, 

mineral, vitamin, trace element and PUFA intake due 

to carbohydrate restriction (Sampaio, 2016). Another 

concern is the negative lipid response that can occur 

with low-carbohydrate diets, which is an increase in 

LDL cholesterol (LDL-C).  
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Although a systematic review and meta-analysis 

found no significant difference in serum LDL-C in 

people on a 20-40% carbohydrate diet for up to 24 

months (Teuta et al.,2019), dietary saturated fat should 

be considered as it poses a risk for cardiovascular 

disease. Finally, it is necessary to take into 

consideration both the economic and environmental 

damages of increased meat consumption due to 

carbohydrate restriction (Barber, 2021). 

Given these potential outcomes, personalized 

nutrition planning should prioritise individual health 

status, metabolic needs, lifestyle and preferences. 

Since a uniform diet will not be effective in the long 

term, a dietitian plays an important role in evaluating 

components such as genomes, gut microbiota, health 

biomarkers, socio-economic and cultural factors when 

designing a diet (Chen & Chen, 2022). This is because 

while restricting carbohydrates in the diet, it is also 

necessary to maintain adequate levels of fibre, 

vitamins, minerals and essential fatty acids. A study of 

800 people between the ages of 18 and 70 reported that 

personalized dietary interventions, rather than general 

recommendations, can lead to lower postprandial 

glycaemic responses and positive changes in gut 

microbiota (Zeevi et al., 2015). In addition to the 

creation of personalized diet plans, individual self-

monitoring of diet and follow-up is also important for 

research results (Popp et al., 2022).  

5. Conclusion 

Very low-carbohydrate diets have been associated 

with several concerns regarding their long-term 

sustainability, potential health risks, and economic as 

well as environmental implications. The long-term 

effects of such dietary patterns continue to be debated 

in the literature. 

From a CIM perspective, diets rich in dietary fiber and 

low glycemic load carbohydrate sources may be 

considered more effective in obesity management 

compared to traditional low-carbohydrate approaches. 

Furthermore, the development of personalized dietary 

interventions by dietitians is essential for the effective 

treatment of obesity. However, further research is 

needed to evaluate and improve dietary patterns used 

to investigate the multifactorial causes of obesity. 
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