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Type 2 diabetes (T2D) is a chronic condition where the body is resistant to insulin leading to an elevated blood glucose

state. Obesity is a main factor leading to T2D. Many clinical studies, however, have described a proportion of obese

individuals who express a metabolically healthy profile, whereas some lean individuals could develop metabolic disorders.

To study obesity as a risk factor, body fat distribution needs to be considered rather than crude body weight. Different

individuals’ bodies favor storing fat in different depots; some tend to accumulate more fat in the visceral depot, while

others tend to store it in the femoral depot. This tendency relies on different factors, including genetic background and

lifestyle. Consuming some types of medications can cause a shift in this tendency, leading to fat redistribution. Fat

distribution plays an important role in the progression of the risk of insulin resistance (IR). Apple-shaped individuals with

enhanced abdominal obesity have a higher risk of IR compared to BMI-matched pear-shaped individuals who store their

fat in the gluteal-femoral depots. This is related to the different adipose tissue physiology between these two depots. In

this text, the recent evidence showing antidiabetic drugs that impact fat distribution as they manage the T2D condition is

summarized. 
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1. Introduction

Type 2 diabetes (T2D) is a chronic health condition where the blood glucose level is elevated. T2D is a consequence of

insulin resistance (IR), where the body cells are irresponsive to insulin and unable to absorb glucose from the blood. IR is

associated with the development of dyslipidemia and inflammation in the affected individuals . Dyslipidemia is defined

as a state of imbalance in blood lipids, including elevated levels of triglycerides, smaller and denser low-density lipoprotein

than normal, and lower high-density lipoprotein levels . IR also causes high blood pressure and glucose intolerance,

which leads, with other factors, to T2D progression .

One of the major risk factors for IR and T2D is obesity. Obesity-related T2D has become a global pandemic. It is

estimated that affected patients with obesity-associated T2D will reach 300 million by 2025 . This is primarily due to the

transition to a more sedentary life in specific countries . Although the relationship between obesity and IR is well

established, the causal relationship between obesity and IR, among other metabolic disorders, is more complex. Clinical

studies have shown that between 10% and 40% of obese individuals (having a body mass index (BMI) > 30), in fact, are

metabolically healthy and exhibit normal insulin sensitivity . On the other hand, both lean and overweight individuals are

mostly insulin sensitive, but some can develop metabolic disorders including IR . The explanation for lean individuals

developing a metabolically obese state may lie in the body fat content and fat distribution .

Body fat content and fat distribution is identified as the total body content of adipose tissue (AT). This specialized tissue is

a connective tissue consisting of specialized cells called adipocytes and other types of cells. The health of AT is critical in

terms of metabolic disorders, as it plays essential metabolic roles as will be discussed in Section 2 . Dysfunctional AT

can cause different pathologies and metabolic diseases, including IR and cardiovascular disorders (CVDs). It is known

that AT is not a fixed organ that grows in one specific location, but rather distributed in different locations in the body.

These variations are called adipose tissue depots . Different individuals tend to have different fat distribution, as their

bodies accumulate fat in different depots more than in other depots. This variation is due to differences in their genetic

background or environmental factors, such as diet and exercise .

AT is deposited in different depots, mainly abdominal and peripheral. Abdominal fat is classified as either subcutaneous or

as visceral fat, while peripheral fat is the subcutaneous fat stored in the body’s peripheries, mainly gluteal-femoral fat.

Different depots have different functions, and the ratio between these depots plays a major role in health and disease in a

more specific way than total body fat content. Previous research has laid the foundation for different depots and

differences in their anatomy, physiology, and pathophysiology, as well as their associations with metabolic disorders 
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. Abdominal fat accumulation is highly associated with the risk of metabolic disorders, whereas gluteal-femoral fat has

been shown to have a protective effect against these disorders. In order to utilize this risk difference in a beneficial way,

the fat redistribution concept has been proposed. Fat redistribution could be used with cases having high abdominal fat

content. If the accumulated fat is successfully redistributed from the abdominal depot to the gluteal-femoral depot, the risk

of developing metabolic disorders could be reversed.

2. Fat Redistribution: A Therapeutic Strategy to Reverse Insulin
Resistance

Fat redistribution is the process where fat storage is shifted from one depot to another. In the context of reversing IR and

its metabolic complications (T2D and CVDs), fat redistribution from the abdomen to the gluteal-femoral depot is getting

researchers’ attention as a potential therapeutic strategy. Some existing compounds/IR medications have been shown to

affect the formation of new fat and the process of fat distribution as one of their modes of action, leading to fat gain/loss in

diabetes patients. In this section, these compounds and their effect on fat redistribution as a treatment of IR will be

reviewed and discussed.

2.1. Thiazolidinedione (TZD)

One important compound used to treat IR and T2D is Thiazolidinedione (TZD), also known as pioglitazone. This

medication is used to reverse the IR state and lower blood glucose levels in T2D patients. Previously, it was believed that

a major side effect of using TZD for T2D patients is body weight gain. However, some clinical evidence shows that the fat

is redistributed in a beneficial direction from visceral to subcutaneous fat depot . Other clinical evidence showed that

the increase in body weight after TZD treatment was associated with a neutral/decrease in visceral fat and abdominal

obesity . It is important to mention that the use of TZD requires to be monitored closely, especially when prescribed for

patients with high risk of cardiac diseases. This is because it can be associated with side effects, including weight gain

due to fluid retention rather than fat distribution, which may progress to cause cardiac complications .

The mode of action of TZD is mainly through stimulation of the expression of the master regulator of adipogenesis:

Peroxisome proliferator-activated receptor gamma (PPARg) . The exact mechanism of TZD for reversing IR is still not

fully understood. However, researchers know it induces PPARg-mediated expansion of subcutaneous AT, which leads to a

drop in systemic fat content and reverses lipotoxicity resulting from fat storage in ectopic depots . Recent clinical

studies have shown that TZD treatment leading to AT expansion may be due to the formation and growth of new

adipocytes (hyperplasia) in subcutaneous AT depots . This is consistent with the in vivo findings of de Souza et al.,

2001, showing that TZD treatment leads to an increase in the proportion of small adipocyte population in subcutaneous AT

(hyperplasia) in lab rats . Another important effect of TZD is its anti-inflammatory action, as it activates anti-

inflammatory pathways in obesity-associated AT inflammation . One recent investigation showed a wide

characterization of the chronic effect of TZD treatment on human AT. The study showed that the glycerophospholipid pool

is a major player in how the AT responds to TZD treatment, emphasizing a potential role of adipose cells membrane

remodeling as a target of T2D treatment . The findings about TZD mode of action and effect on fat storage are

summarized in Table 1. According to previous studies, redistribution of fat storage from the ectopic and visceral

anatomical locations into the newly formed subcutaneous depots exhibits a protective effect against IR and its metabolic

complications. However, more studies are needed to show if TZD can be used to redistribute fat into the gluteal-femoral

fat depot and the therapeutic effectiveness on reversing IR.

Table 1. Summary of Type 2 diabetes medications, their mechanisms of action, and their effect on total body weight and

fat distribution.

T2D
Medication Mechanism of Action Effect on Total

Body Weight Effect on Fat Redistribution
Study
Data
Type

TZD
Adipogenesis upregulation

through PPARg . Increase .

Increased fat in gluteal-femoral depot
.

Neutral/decrease in abdominal depot
fat 

Clinical
Clinical
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T2D
Medication Mechanism of Action Effect on Total

Body Weight Effect on Fat Redistribution
Study
Data
Type

Metformin

Adipogenesis downregulation

.

Fat metabolism enhancement

through UCP1 and UCP3) .

Decrease in
obese T2D

patients .

Decrease in visceral abdominal depot
fat Clinical

GLP-1RA

Pancreatic GLP-1 receptors

activation to enhance insulin

secretion .

Adipogenesis downregulation

through PPARg, C/EBPb/d

and AKT .

Lipolysis upregulation .

Fat energy metabolism

enhancement .

Decrease . Reduction in both subcutaneous and
visceral abdominal fat depots . Clinical

SGLT2
inhibitors

SGLT2 inhibition to reduce

glucose reabsorption in the

kidneys .
Decrease .

Slight reduction in waist/hip ratio
(decreased abdominal size compared

to gluteal-femoral size) .
Reduction in visceral fat content .

Clinical

Insulin
Compensates for the reduced

insulin secretion . Increase . Subcutaneous, but not visceral fat
deposition .

Animal
(rat)

Sulfonylureas
Insulin secretion

enhancement . Increase . Not reported. N/A

T2D: type 2 diabetes; PPARg: Peroxisome proliferator-activated receptor gamma; TZD: Thiazolidinedione; UCP:

uncoupling protein; SGLT2: Sodium-glucose cotransporter-2; GLP-1RA: Glucagon-like peptide-1 receptor agonist.

2.2. Metformin

Biguanide metformin is one of the most widely used medications for blood–glucose lowering and IS improvement in T2D

patients. With its good safety profile, it has become the first-line medication for T2D . Studies have shown a clear effect

of metformin on reducing body weight and preventing obesity in T2D patients , making it the first candidate drug to be

used for obese diabetic patients . The weight-lowering effect of metformin was reported to differ among patients with

different BMIs. In lean diabetic patients, metformin does not cause a significant weight loss, whereas in obese patients it

does; yet, the underlying mechanism behind this difference is still unclear. Studies have suggested that metformin affects

body weight through directly affecting adipogenesis. According to Alexender et al., metformin inhibits adipogenesis in vitro

using the murine adipose cell line 3T3L1 . However, limited research was done to assess how metformin regulates the

adipogenesis-signaling pathways. Another study showed that metformin, combined with insulin treatment, led to enhanced

adipogenesis in vitro . Recent investigations conducted on the 3T3L1 murine cell line showed that metformin at low

doses (1.25 and 2.5 mM) significantly induced adipogenesis and fat accumulation in these cells, while higher

concentrations (5 and 10 mM) had the opposite effect, as they significantly reduced adipogenesis levels in the cells .

Studies involving animal subjects and human subjects suggested that metformin specifically affects visceral fat mass.

According to Tokubuchi et al., 2017, metformin reduces visceral fat accumulation compared to controls. This effect may

not be caused by fat redistribution from visceral to the gluteal-femoral depot, but rather because it elevates the fat

metabolism in that depot . Metformin upregulates fat-oxidation-related enzymes, the uncoupling proteins 1 and 3

(UCP1 and UCP3) indicating increased fat burning as a source of energy, causing visceral total mass reduction. This

beneficial effect may be the reason why previous studies reported an effective fat loss after using metformin . These
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findings are summarized in Table 1. Although it has not been demonstrated, the effect of metformin on the size of gluteal-

femoral may be worth investigating as an additional added benefit of metformin on reversing IR.

2.3. Glucagon-like Peptide-1 Receptor Agonist (GLP-1RA)

The glucagon-like peptide-1 receptor agonist (GLP-1RA) is a class of medications used to control T2D. It has led to a

significant improvement in glycemic parameters of diabetes patients. The medication functions by activating the GLP-1

receptors in the pancreas, leading to enhanced insulin release, decreased glucagon release, and enhanced glucose

homeostasis .

This medication shows other effects on obese diabetic patients, as it leads to general weight loss, which is often dealt with

as a positive side effect of GLP-1 and similar medications . Different investigations suggested that GLP-1 has an

effective effect by inhibiting adipogenesis (antiadipogenic effect) and enhancing lipolysis (prolipolytic effect) .

The effect of GLP-1 on fat redistribution was unclear until very recently. According to Morano et al., 2015, GLP-1 reduces

the total fat content and BMI of patients. More importantly, the study showed a difference in fat reduction between different

depots . GLP-1-treated cohort showed a significant reduction in both subcutaneous and visceral abdominal fat depots,

suggesting a selective antiadipogenic and prolipolytic effects of the drug . This effect is occurring as a result of GLP-1

on adipogenesis and adipogenic pathway markers. According to Challa et al., 2012, in vitro GLP-1 treatment on 3T3L1

cells downregulates PPARg, C/EBPb/d, and regulates the AKT pathway . In human cell lines, GLP-1 affects adipocyte

differentiation levels and decreases adipogenesis by downregulating lipogenesis genes and upregulating critical genes in

lipolysis pathways . Similarly to metformin, GLP-1 was also shown to decrease body weight by enhancing energy

metabolism using fat as fuel ; however, its effect on the size of gluteal-femoral also remains to be studied. The findings

about GLP-1 are summarized in Table 1.

2.4. Sodium-Glucose Cotransporter-2 Inhibitors (SGLT-2 Inhibitors)

Multiple medications fall under the sodium-glucose cotransporter-2 inhibitors (SGLT-2 inhibitors), such as dapagliflozin

and canagliflozin. Dapagliflozin is a T2D medication used either alone or in combination with other drugs such as

metformin. It is a selective SGLT-2 inhibitor, a major gut and renal sodium-glucose cotransporter. The mode of action of its

glucose-lowering effect is by targeting SGLT2, reducing glucose reabsorption in the kidneys. This allows the high glucose

content in the blood to be exerted from the body . Many reports showed the effectiveness of dapagliflozin as an

antidiabetic drug, but few recent studies showed the link between its insulin sensitization effect and body fat distribution.

According to Merovci et al., 2014, dapagliflozin treatment for two weeks improved the condition of T2D patients and

decreased their muscle IR, as compared to placebo control . Another study involved the animal model (rats) that

showed a positive effect of dapagliflozin on normal and diabetic rats .

A recent study showed that treatment of dapagliflozin for four months led to a significant reduction in total body weight and

general fat content of their cohort, with no indication of fat distribution . A more recent study reported the effect of

dapagliflozin on blood glucose levels as well as body shape and body fat distribution. According to Sun et al., 2020, the

treatment of their study cohort with dapagliflozin in combination with metformin for 12 months was associated with

enhanced control of their blood glucose levels, indicating an enhanced IS state. Additionally, the study reported that this

treatment slightly reduced waist/hip ratio, which indicates a lower abdominal depot fat content as compared to gluteal-

femoral depot . Although the mode of action of dapagliflozin as an inhibitor of SGLT2 inhibitor is not yet clear in terms of

body fat distribution, the findings indicate that it might affect fat content by influencing adipogenesis. More studies need to

be conducted to clarify how it affects adipogenesis at the molecular level.

Canagliflozin is another member of the SGLT2 inhibitors family of T2D drugs that relies on decreasing glucose

reabsorption in the kidney . The effect of canagliflozin therapy on T2D and fat distribution was assessed in a few recent

studies. One study showed the effect of canagliflozin for 12 weeks on T2D patients. It showed no effect on waist/hip ratio.

However, when comparing the subcutaneous and visceral abdominal depots, the study found a significant change in

visceral adipose content as compared to baseline level, as well as to the control group. In addition, other parameters like

the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) and Nitric oxide (NO) were improved after the

treatment, which indicates an improved IR state and endothelial function . These effects are similar to the effect of

dapagliflozin, as both drugs fall into the same family, although their mode of action related to improving fat content and

decreasing visceral fat depot remains unclear. The findings about both SGLT-2 inhibitors are summarized in Table 1.
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2.5. Insulin

T2D is characterized by both IR, and in later stages, defected insulin secretion due to beta cell dysfunction . Oral

medications are clinically used to manage the IR condition to control the elevated glycemic level. For many patients,

however, T2D proceeds to the stage where insulin secretion is not sufficient. Therefore, insulin itself is used as a

therapeutic molecule in combination with other oral medications to treat T2D . A rare complication of the use of insulin-

injection treatment is lipodystrophy, where the repeated injection of insulin at the same site causes the subcutaneous fat

to be damaged and take a retracted scar shape .

The association between insulin therapy and increased total body weight is well established . In 1998, a preliminary

study showed that insulin treatment in T2D patients leads to increased total body weight due to increased subcutaneous,

but not visceral, fat deposition. Gluteal-femoral fat was not assessed in the study . Animal studies conducted on rats

confirmed the same effect of insulin treatment on abdominal fat distribution via increasing subcutaneous fat with no

change in visceral fat content .

Insulin treatment influences adipogenesis-related processes. A study showed that insulin treatment of human-derived

adipose stem cells leads to their enhanced proliferation . It also upregulates differentiation into adipocytes via Wnt

signaling pathway inhibition and the downstreatm regulation of adipogenesis markers, including PPAR-γ and CEBP-α .

These effects do not conclusively prove/disprove the effect of insulin on fat redistribution. Limited research has been

conducted on the effect of insulin treatment on adipogenesis, fat distribution, and body shape. No previous studies have

shown the effect of insulin treatment in a depot-specific manner, and this area still needs to be explored due to its clinical

relevance for T2D patients on insulin injections. The findings about insulin are summarized in Table 1.

2.6. Sulfonylureas

Sulfonylureas are a group of oral medications for T2D, often prescribed as a second line of treatment after metformin

medication fails to control the elevated glycemic blood levels . It works by increasing the levels of insulin release from

the pancreas if the T2D patient is at a stage where insulin is not sufficiently secreted .

Sulfonylureas act by stimulating the beta-cells in the pancreas to enhance the endogenous levels of insulin and manage

T2D . Thus, this treatment is associated with weight gain in a similar way to insulin injection. This limits the use of both

sulfonylureas and insulin with overweight and obese patients as summarized in Table 1 .

No previous research directly connected sulfonylurea treatment with adipogenesis process, body shape, or body fat

distribution. However, based on what is known, sulfonylureas increase insulin secretion, which has been shown to

enhance adipocyte proliferation and upregulates adipogenesis differentiation .
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