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Abstract 

Insulin’s effects and practical uses are well documented for diabetes patients, but 

implications of endogenous insulin levels are seldom used functionally in other settings. 

This literature review examines existing literature describing the ramifications of insulin 

activity on body composition, and seeks to propose protocols – through nutrition and 

training – for improving body composition (lowering body fat, increasing lean body mass) 

based on these ramifications. It appears that a diet that elicits low insulin responses will 

promote insulin sensitivity, thereby attenuating insulin-dependent adipose tissue 

anabolism. When combined with a resistance training regimen, insulin sensitivity improves 

further; resistance training also elicits higher levels of glucose transporter 4 (GLUT-4) 

expression and translocation across muscle cell membranes. This phenomenon favorably 

affects nutrient partitioning toward lean body mass, preferentially allocating post-exercise 

nutrients to skeletal muscle tissue as opposed to adipose tissue. Once more researched and 

refined, applications include: clinicians wishing to lower BMI and improve body 

composition of patients; recreational athletes wishing to improve body composition for 

personal/aesthetic reasons; athletes of all levels for whom body composition is tantamount 

to performance and/or weight class – e.g. divers, swimmers, fighters, gymnasts, etc. 

 

 

 

  



 
Thaddeus Lin  
 

I. Introduction 

The actions of insulin are well documented in the context of Diabetes Mellitus. 

Namely, these actions concern glucose production, utilization, and storage. Due to the 

prevalence of Diabetes (especially Type II in developed countries), most laypersons are at 

least somewhat aware of these functions; however, a mainstream understanding of insulin 

only extends thus far. Insulin is used as an exogenous aid for both Type I and Type II 

diabetics for the purposes of glucose regulation, but insulin has many more documented 

functions than these. Bodybuilders have been taking advantage of insulin’s anabolic 

properties, using insulin in recent years to gain weight, mostly in the form of skeletal 

muscle mass. They do this largely by administering insulin during feeding times. When 

used in this particular way, insulin is capable of acting beneficially on muscle tissue. Type II 

diabetics gain weight as well, but interestingly enough, their insulin-associated weight gain 

comes mainly in the form of fat mass. Even without a review of insulin’s functions, simply 

by observing these two insulin-using populations it becomes clear that, when used 

exogenously, insulin can have appreciable effects on body composition. This observation, 

combined with the known functions of insulin on skeletal muscle (henceforth “muscle”) 

and adipose tissue, leads to the hypothesis that endogenously produced insulin should also 

provide some salient effect on body composition. It follows that for individuals with either 

no personal or medical reasons for using insulin exogenously, it would be desirable to 

manipulate endogenous insulin levels to bring about beneficial changes in body 

composition – i.e. greater muscle:fat ratio. 



 

Objective 

For the purpose of improving body composition, it may be possible to use nutrition 

and exercise training to manipulate insulin in order to allocate more resources to skeletal 

muscle tissue and less resources to adipose tissue. Applications for combined nutrition and 

exercise protocols span a wide range, from laypersons wishing to improve body 

composition for personal reasons to clinicians wishing to lower the BMIs of their 

overweight and/or obese patients. This review seeks to briefly elucidate existing literature 

on insulin’s effects on tissues body composition, and also aims to propose a framework for 

which to plan nutrition and exercise training protocols for applications including – but not 

limited to – those previously mentioned. Further human trials would need to occur in order 

to verify the effectiveness of these protocols, but any recommendations found in this 

review will be based on current evidence from the literature. 

 

II. Actions of Insulin on Relevant Tissues 

In non-diabetic individuals, insulin is normally secreted in response to ingestion of 

either carbohydrate or leucine (Fig. 1). As a regulator of metabolism, one of insulin’s most 

important (and well known) functions is to stimulate uptake of glucose from the 

bloodstream. 

In terms of body composition, there are a few effects of insulin on the following processes 

that are of particular importance: 

1. Fat Metabolism, due to the fact that lipolysis and lipogenesis affect fat mass. A 

decrease in fat mass is the objective; however, insulin generally has undesirable 



effects on fat metabolism, instead promoting postprandial storage of triglycerides in 

adipose tissue (i.e. increase in fat mass) by way of the following mechanisms: 

a. Activation of lipoprotein lipase in adipose tissue: lipoprotein lipase generates 

fatty acids by hydrolysis of triglycerides in circulating lipoproteins. The fatty 

acids are subsequently taken up by adipose tissue (12). 

b.  Inhibition of lipoprotein lipase in skeletal muscle: inhibition of lipoprotein 

lipase diverts triglycerides from muscle tissue – where they would undergo 

oxidation – to be stored in adipose tissue (13). 

c.  Increase in intracellular glycerol-3-phosphate: insulin-dependent glucose 

transport into adipose cells increases glycolytic activity, resulting in elevated 

levels of glycerol-3-phosphate. This metabolite is involved in free fatty acid 

esterification into triglycerides (38). 

d. Inhibition of hormone-sensitive lipase: hormone-sensitive lipase (HSL) is a 

rate-limiting factor in lipolysis, and may be dephosphorylated and 

inactivated by an insulin-dependent protein phosphatase (33), (25). 

Inhibition of ASL can also occur with an insulin-dependent lowering of 

intracellular cAMP levels, the downstream effect of which is downregulating 

phosphorylation (and therefore activation) of HSL (34), (11).  

2. Protein Metabolism, due to the fact that muscle protein synthesis contributes 

favorably to muscle mass. An increase in muscle mass is the objective. Insulin has 

desirable effect on muscle mass in the following ways: 

a. Permissive effect on muscle protein synthesis: although studies conflict on 

insulin dose for eliciting muscle protein synthesis (ranging from low to 



supraphysiological), a common thread seems to be that at any dose, insulin 

initiates muscle protein synthesis provided that the intramuscular levels of 

amino acids are sufficient to do so. The inverse is also supported – without 

sufficient intramuscular amino acid levels, muscle protein synthesis is 

improbable regardless of insulin dose (39), (21).  

b.  Anti-catabolic effect: albeit dose-dependent, insulin has the ability to 

mitigate whole body proteolysis – again, provided that amino acids are 

present in basal levels. Hypoaminoacidemic conditions lessen insulin’s ability 

to blunt protein breakdown (14). 

Insulin is largely an anabolic hormone, and this characteristic is observed in both fat 

and protein metabolism. Based on its effects on adipose and muscle tissue, it appears that 

insulin tends to increase body fat storage. It also tends to increase net muscle protein 

synthesis, but with the added condition that amino acid levels must be sufficient. Insulin’s 

dually anabolic nature presents a problem for body composition, as muscle protein is 

desirable and adipose tissue is not. Ideally, one would be able to elicit insulin’s anabolic 

effect on muscle protein without the corresponding uptick in adipose tissue anabolism. It 

would be difficult to accomplish this type of nutrient partitioning through diet alone, since 

ingestion of both carbohydrate and leucine stimulate insulin secretion.  

 

III. Insulin and Nutrition 

Since insulin release is triggered chiefly by ingestion of carbohydrate and leucine, it 

would be prudent to examine nutrition as a method of insulin regulation. Research 

suggests insulin can have an anabolic effect on fat mass, so it stands to reason that constant 



elevation would prove to be detrimental to body composition. Reducing and/or blunting 

insulin response could possibly reduce postprandial glucose storage as adipose tissue. 

Method 1: Reduce consumption of insulinogenic foods 

The simplest way to achieve a reduction in insulin response would be to adhere to a 

diet that reduces overall insulin response. This would involve consuming meals that are 

lower in two of insulin’s main triggers: carbohydrate and leucine (which is found in many 

protein rich foods). Such meals would elicit less of an insulin response according to the 

insulin index (17). In order to translate this into an isocaloric diet, this would involve 

increasing overall proportion of dietary fat consumed per meal – relative to carbohydrate 

and protein – since ingestion of dietary fat itself is not a main trigger of insulin release (Fig. 

1). Protein ingestion tends to more greatly attenuate a rise in glucose level through greater 

stimulation of insulin secretion, most likely due to an abundance of leucine; on the other 

hand, dietary fat tends to slow gastric emptying which also has a blunting effect on a rise in 

blood glucose when consumed with carbohydrate (27). 

Lowering overall carbohydrate and leucine (i.e. protein) consumption with a 

corresponding increase in dietary fat may therefore help to keep overall insulin levels – 

especially postprandial levels – lower. This would be similar in concept to a ketogenic diet, 

which is a high fat, medium protein, and very low carbohydrate diet. The benefits of such a 

diet are disputed, with existing evidence to suggest that it may be more effective than a 

low-fat diet for weight loss (4), but also that in doing so it may induce insulin resistance 

(23), despite being neuroprotective (15), (31). Based on the lack of consensus regarding its 

benefits, a ketogenic-type diet may therefore be more suitable for some individuals than 

others, and should be applied judiciously on an individual basis. 



Method 2: Increase fiber consumption 

The exact mechanism is unknown, but research suggests that fiber consumption 

markedly decreases postprandial insulin release (37), up to 50% in some cases (1), (2). 

Albrink et al used 18 grams of crude fiber for their high-fiber group which saw reductions 

in insulin response vs. a low fiber group with 1 gram of crude fiber, so at least 18 grams 

would be a possible starting point for individuals wishing to attenuate insulin release with 

this method. Recommended fiber intake can be as high as 38 grams for men and 25 grams 

for women, so “high fiber” does not seem to have a universal definition. Regardless, an 

intake in this range (with the lower limit being 18 grams) should suffice for the purposes of 

reducing insulin release. 

Method 3: Combine Methods 1 and 2 

Of course, one could combine both methods to create a third method of both 

decreasing insulinogenic food intake and increasing fiber consumption. However, little to 

no formal research exists on such a diet, so combining the two methods may or may not 

yield cumulative benefits. So, there are at least two methods to minimize overall insulin 

release and its subsequent anabolic effects on adipose tissue; however, following such 

methods would also minimize its anabolic and anti-catabolic effects on muscle tissue. To 

further improve body composition one must also take advantage of insulin’s positive 

effects on muscle mass. In order to more selectively partition nutrients to muscle tissue 

benefit from insulin’s permissive effects on muscle protein synthesis, exercise training 

must be utilized as well.   

 

 



IV. Insulin and Exercise Training  

In the two populations given as examples in the introduction, a major difference in 

their lifestyles is exercise; specifically, a method of training favored by bodybuilders: 

resistance training (in the form of lifting weights). For the purposes of this review, a 

working definition of resistance training is any form of exercise that uses resistance to 

elicit muscular contractions. Exercise involving muscle contraction offers myriad valuable 

adaptations, including sensitization of muscle tissue to nutrient uptake – especially glucose 

(30), (22). Resistance training also has beneficial effects on glucose tolerance, insulin 

sensitivity, power output, performance, and of course body composition (32). 

(Note: since resistance training employs muscular contraction as its foremost mechanism, 

the terms “resistance training” and “muscular contraction” will be used interchangeably.) 

 

Importance of Glucose Transporter 4 

Glucose transporter 4 (henceforth GLUT4) is a cellular vesicle that is primarily 

responsible for transporting glucose across cell membranes in adipose and skeletal/cardiac 

muscle tissues (36). In order for these vesicles to do so, they must be translocated from the 

intracellular space to the cell membrane. This can occur through two pathways: one, the 

presence of insulin can induce the translocation; two, muscular contraction can elicit the 

same translocation (29), (28). These two pathways may be regulated by two different 

cellular pools of GLUT4, one pool for each pathway (6). GLUT4 intracellular expression and 

translocation is increased by way of resistance training (8), (9), (19), both in acute training 

bouts and long term training contexts; this is perhaps one of the most significant 



adaptations to this type of training due to the benefits of increased glucose uptake by 

muscle tissue (36). 

Another glucose transporter, GLUT1, also plays a role in basal glucose transport; 

however, in the context of exercise and muscle contraction, GLUT4 is the glucose 

transporter of interest due to its unique ability to clear blood glucose after translocation 

through resistance training alone (16). There is also evidence that GLUT12 functions in a 

similar manner to GLUT4, but GLUT4 is more prevalent in the relevant tissues of adipose 

and muscle (35). 

Heightened post-exercise GLUT4 translocation subsequently increases glucose uptake even 

in the absence of insulin sensitivity – this phenomenon is especially useful for Type II 

diabetic patients, allowing them to clear blood glucose without exogenous insulin 

administration (18), (5). In healthy individuals, these two pathways can be stimulated not 

only concurrently, but also additively – combining exercise with insulin release can further 

increase glucose uptake beyond solely one or the other (7), (28). This additive nature is 

very valuable, as it increases the likelihood that nutrients will be partitioned to muscle 

instead of adipose tissue. 

So, in healthy individuals, post-exercise consumption of insulinogenic foods may in 

fact be beneficial, as the combination of insulin-independent GLUT4 and insulin-stimulated 

GLUT4 create an opportunity for muscle-specific glucose uptake. Insulinogenic substances 

like carbohydrate and leucine can in fact increase muscle protein synthesis when ingested 

after resistance training (10). A healthy individual could therefore benefit from post-

exercise ingestion of insulinogenic foods, maximizing nutrient uptake by muscle tissue 

through translocation of both pools of GLUT4. However, nutrient timing remains a 



controversial topic, with the classic model of immediate post-exercise ingestion being 

called into question (3), with another model being pre-exercise ingestion to take advantage 

of insulin’s anti-catabolic effects (although a pre-exercise insulin spike would not take 

advantage of exercise-induced GLUT4 translocation, and could also possibly incite exercise-

induced hypoglycemia). It seems that benefits from a training bout (improved insulin 

sensitivity and GLUT4 translocation) last for at least several hours (26), so spiking insulin 

either with leucine or a carbohydrate/leucine combination within this time frame would 

likely still be beneficial. 

It has been shown that in order to avoid being overly anabolic (both adipose and 

muscle), one should seek to limit insulin release. However, it is also evident that resistance 

training and post-exercise nutrient ingestion perhaps offer a way to reap the anabolic 

effects of insulin on muscle tissue. Reconciling the two is difficult, and current research 

does not describe such a combination; therefore, protocols included in this review are 

based on hypotheses drawn from existing literature. 

 

V. Proposing an Evidence-Based Protocol 

Disclaimer: the nutrition and resistance training protocol in this review provides an 

overview of implementation of suggested methodologies. They are not meant to be a 

substitute for medical advice, nor are they meant to treat, cure, or prevent any disease. 

Possible protocols to improve body composition are simple in very general terms. More 

research is needed to confirm the validity and efficacy of such protocols, as they are based 

on insulin’s known actions on the relevant tissues of adipose and skeletal muscle. 

 



A protocol aimed at improving body composition through the manipulation of endogenous 

insulin is as follows (in bullet format for brevity): 

 Nutrition with the objective of reducing the anabolic effects of insulin, particularly 

on adipose tissue. 

o With the exception of the post-exercise timeframe, either: 

a. Consume a diet lower in insulinogenic foods (e.g. carbohydrates and 

protein), approximating a ketogenic-style diet. 

b. Consume a high fiber diet including at least 18 daily grams of fiber. 

c. Combine a. and b. 

o During the post-exercise timeframe, either: 

d. Consume a protein and carbohydrate rich meal. 

e. Consume a protein and carbohydrate rich supplement. 

f. Consume a meal or supplement that is high in leucine specifically 

(carbohydrates optional). 

 Resistance Training with the objective of increasing the anabolic effects of insulin 

specifically on muscle tissue. 

o Perform resistance training that elicits muscular contractions in order to 

stimulate additive insulin and exercise-induced GLUT4 translocation, such 

as:  

a. Weight training (e.g. free weights, weight machines). 

b. Body weight exercises (e.g. calisthenics). 

c. Banded exercises (with resistance bands). 

d. Other implements (medicine balls, etc.). 



o At a minimum, perform resistance training exercises in multiple sets of 8 to 

12 repetitions to elicit training adaptations (32). 

o In order retain the GLUT4 adaptation to muscle contraction, training should 

be performed at least every 48 hours, as this training benefit can be 

diminished within 48 hours after training cessation (26). 

o To further maximize muscle anabolism, emphasis should be placed on 

training large muscle groups with multi-joint movements to stimulate a 

greater amount of GLUT4 expression and translocation. 

 

VI. Discussion 

Insulin can have notable effects on tissues contributing to body composition, namely 

adipose tissue and skeletal muscle tissue. Its anabolic effects on adipose tissue make 

chronic elevation of this hormone undesirable, but its anabolic effects on skeletal muscle 

hint at a possible model in which targeted elevation would allocate more nutrients to 

muscle tissue. The model proposed in this review is one in which an individual consumes a 

low-insulinogenic diet for most of the day (achievable through at least two distinct 

methods), but consumes insulinogenic nutrients following resistance training. In theory, 

such a protocol would reduce insulin’s anabolic effects on fat while maximizing its anabolic 

effects on muscle tissue by taking advantage of the additive insulin and exercise-induced 

GLUT4 translocation, ultimately resulting in a higher muscle:fat ratio. 

 

 



Caveats and Limitations 

The protocols proposed in this review are based in evidence, but operate 

hypothetically. They would need to be performed in human trials to determine their 

practical veracity and efficacy. There are other factors that play substantial roles in body 

composition as well, such as insulin sensitivity – although, a discussion of insulin sensitivity 

seemed unwarranted, as these protocols involved stimulating an insulin-independent 

pathway, and were also proposed for healthy, nondiabetic individuals whose insulin 

sensitivity would likely be improved by resistance training regardless. It’s also important to 

note that insulin is but one hormone in the human body, and that it does not operate in a 

vacuum; other hormones and intrinsic factors could alter or attenuate insulin’s effects in 

different ways. 

Unfortunately, no exercise threshold was found in the research for GLUT4 

translocation, as different studies employed different exercise types and schemes to elicit 

the response, so no strict guideline was imposed on the volume of resistance training. 

Instead, the recommended scheme for resistance training is simply drawn from Stone’s 

review of resistance training adaptations and the volume needed to elicit them. GLUT4 

activation (24) and insulin sensitivity (20) can also be obtained through moderate to high 

intensity aerobic exercise but muscle contraction is the key, which is why resistance 

training applications were favored. 

 

Future research 

There is a great need for more research in testing protocols (i.e. specific nutrition 

and specific training) involving manipulation of endocrinology for the purpose of 



improving body composition on a whole-body scale, as these sorts of protocols could have 

widespread application. More research is also needed to determine specificity of such 

protocols, including algorithms for more individual customization. 

Once more researched and refined, applications include: clinicians wishing to lower 

BMI and improve body composition of patients; recreational athletes wishing to improve 

body composition for personal/aesthetic reasons; athletes of all levels for whom body 

composition is tantamount to performance and/or weight class – e.g. divers, swimmers, 

fighters, gymnasts, etc. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 1: Regulation of Insulin Release 
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