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Abstract 

 The thrifty gene hypothesis as created by James Neel states that there are human genes 

that have evolved to allow greater storage and utilization of food, and this has led to the increase 

in type II diabetes (Neel, Diabetes Mellitus 355). In the review of this major idea, this paper will 

highlight the different areas of research that have occurred over the past 80 years studying the 

thrifty gene hypothesis to see how this hypothesis may be applicable to the research of type II 

diabetes today. The study follows a linear trend beginning with the oldest research and the 

origins of the hypothesis, the further research done in later decades that reevaluates the 

hypothesis, and finally the current research and how the hypothesis can be interpreted today. 

From this review it was found that the original thrifty gene hypothesis is not directly correlated 

with modern ideas surrounding the causation of type II diabetes, however it has informed many 

aspects of research into type II diabetes and gives important insight into how this disease can be 

treated or prevented. These findings come from studies on the thrifty gene hypothesis, studies of 

diabetes, ethical considerations of populations studied, studies of the thrifty phenotype, and from 

studies on genetic research.  

 

Introduction 

The increase in the number of people with the disease diabetes mellitus, specifically non-

insulin dependent diabetes mellitus (NIDDM) (Type II), to a high frequency today presented 

questions on how a disease detrimental to health and reproduction can arise and remain in 

populations over time (Neel, Diabetes Mellitus 353; Ritenbaugh and Goodby 227). With the 

continued prevalence of this disease, it must be asked how it began to rise to such a high level in 

the current population of the world. One major pathway that this may have occurred by is the 

utilization of a “Thrifty” genotype as introduced by James Neel in 1962 (Neel, Diabetes Mellitus 
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354). The thrifty gene hypothesis refers to the idea that human gene evolved during time of food 

abundance and scarcity and genes that allowed storage of fat during time of food abundance 

were selected on as this fat could be used for survival when food was scarce (Speakman 1611). 

With long periods of time when food was not available and physical energy from working was 

high it conferred a major survival advantage to individuals who could utilize and store energy 

from food, meaning these genes remained present into modern day (Neel, Diabetes Mellitus 

355). So, while this utilization of glucose and adipose tissue was advantageous in times of high 

physical activity and food scarcity generations ago, genetic factors that were once an asset are 

now in modern times a risk for predisposing individuals to type II diabetes if they consume a diet 

high in carbohydrates and remain sedentary (Neel, Diabetes Mellitus 359). This review begins 

with an overview of the thrifty gene hypothesis as written by James Neel, along with the 

preliminary evidence to suggest genetic links for the disease, it then follows with further genetic 

research done in Canada that supports the role genetics plays in diabetes. The review then looks 

at the thrifty gene hypothesis in the 1990’s and early 2000’s as more genome research has been 

done; individual genes are identified that might be important to the hypothesis and new ideas 

emerge such as the thrifty phenotype. Overarching in this time is the increase in study and 

knowledge of diabetes with distinctions between subtypes and a greater level of causation at the 

metabolic level. Moving forward to the 2010’s there is ethical considerations that address how 

populations with type II diabetes are treated and how socioeconomic factors are also driving an 

increase in the disease globally. Further study of the body also refines ideas about glucose and 

fat utilization along with exercise and preventative measures for type II diabetes. The review 

ends with the more promising idea of the thrifty phenotype, originally proposed by Barker and 

Hales and with the increased levels of type II diabetes still present in modern society.  
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Body 

To understand if genetics played a role in predisposition to type II diabetes James Neel 

looked at the birth weights of babies with diabetes and without diabetes (Neel, Diabetes Mellitus 

353). It was observed that infants with juvenile diabetes on average have a 100-gram higher 

birthweight than non-diabetic infants and often these larger infants are born from mothers who 

have diabetes mellitus (Neel, Diabetes Mellitus 353-354). With an increased risk for children to 

develop type II diabetes there was particular interest in discovering what was causing this 

predisposition. James Neel relayed several ideas and observations that may lead to an 

explanation for the increased risk of type II diabetes. The first observation was centered on 

predisposed children having dysfunctional endocrine functions, which effectively promoted a lag 

in insulin release into the bloodstream; this results in a larger quantity of insulin released and a 

rapid decrease in blood glucose (Neel, Diabetes Mellitus 354). Researchers observed that this 

decrease in blood glucose, termed hypoglycemia was seen in several diabetic patients and may 

lead to the development of diabetes, possibly related to increasing appetite and food consumption 

(Neel, Diabetes Mellitus 354-355). The other idea that James Neel presented was that the 

pancreas of individuals with a predisposition for type II diabetes has a greater sensitivity to blood 

glucose levels (Neel, Diabetes Mellitus 355). This increased sensitivity allowed individuals to 

process glucose at a greater efficiency due to a quicker release and higher level of insulin as well 

as a greater ability to store adipose tissue (Neel, Diabetes Mellitus 355). When six children from 

diabetic mothers had their response to a glucose test recorded it was found that all six exhibited 

this quicker and larger release of insulin (Neel, Diabetes Mellitus 355). With the apparent 

familial connections to type II diabetes, looking for the physical genetic links would shed light 

on how this disease could be identified and combated. 



Hughes 5 
 

 
 

James Neel suggested that the mode of inheritance leading to this “thrifty” genotype may 

be very simple in terms of one recessive gene gaining homozygosity (Neel, Diabetes Mellitus 

359). If this was the case it was then hypothesized that even individuals who are heterozygous 

for this recessive gene may exhibit some predisposition to type II diabetes (Neel, Diabetes 

Mellitus 359). While this theory was considered it was not substantiated by further evidence 

from Neel (Ritenbaugh and Goodby 227). Another study that occurred in Canada, published in 

1967 further explores if the “single locus” recessive gene may be the main factor in type II 

diabetes genetic inheritance (Simpson). They determined that rather than being one locus that 

influences predisposition to type II diabetes, the genetics surrounding the disease are 

multifactorial (Simpson 466). The study did find evidence that relatives of diabetic patients who 

developed the disease before age 20 had an increased risk of developing the disease (Simpson 

462). Up to this point it seemed that type II diabetes had a clear genetic relation, yet the exact 

genes or factors causing this connection remained hidden or too broad to categorize together.  

The thrifty gene hypothesis came back into conversation around the late 1990’s and early 

2000’s as genotyping and genome data began to arise allowing for a much more in-depth 

analysis (Joffe and Zimmet). At this point the thrifty gene hypothesis had evidence in animal 

models as well as in specific populations of people, North American Indians, and South Pacific 

islanders (Joffe and Zimmet 139). To support the growth of this idea James Neel wrote a new 

paper exploring the changes made to diabetes research and to the thrifty genotype (Neel et al., 

“Thrifty Genotype” Enters 21 Century). This updated version of his original hypothesis begins 

with the distinction between type I and type II diabetes as these did not exist when the original 

paper was published; Neel also emphasizes that his work has been focused on type II diabetes 

(Neel et al., “Thrifty Genotype” Enters 21 Century 44). With new distinctions there were five 
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subtypes of diabetes identified in younger patients, each containing distinct insulin resistances 

and different genetic causes (Neel et al., “Thrifty Genotype” Enters 21 Century 46). At this point 

it was considered fact that type II diabetes was a genetically heterogenous disease with multiple 

genes/mutations and to reorganize research, several subtypes of type II diabetes were excluded 

from further study (Neel et al., “Thrifty Genotype” Enters 21 Century 46). The exclusion of type 

II diabetes with known genetic causes allowed focus on the complex subtypes of type II diabetes, 

and the possibility to support the thrifty genotype (Neel et al., “Thrifty Genotype” Enters 21 

Century 46). With this research two genetic studies were taken. The first looked at genomes of 

Mexican American families and identified that a locus on chromosome two attributed roughly 

30% to the differences in insulin levels while fasting (Neel et al., “Thrifty Genotype” Enters 21 

Century 47). Another study found that variability in tandem repeats in the insulin encoding gene 

showed an association with type II diabetes specifically when there were between 141 and 209 

repeats (Neel et al., “Thrifty Genotype” Enters 21 Century 47). This identification of possible 

genetics links was important in the context of rising level of type II diabetes in children ages 4-

19, and there was a greater emphasis now placed upon screening and preventative measures 

earlier in life (Neel et al., “Thrifty Genotype” Enters 21 Century 48). With a more refined and 

narrowed study of diabetes in the 1990’s it became clear that the original thrifty genotype 

hypothesis was over simplified (Neel et al., “Thrifty Genotype” Enters 21 Century 49). It seems 

that the changes to human metabolic function cannot be explained simply by the change from 

feast and famine to an environment with high food availability. The modern diet high in sugar 

and the increased level of adipose tissue helped contribute to the increased risk of this disease 

(Neel et al., “Thrifty Genotype” Enters 21 Century 50). James Neel also presented several other 

diseases such as hypertension and obesity which may have been contributing to the large 
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increase in type II diabetes, however these diseases are not within the scope of this review and 

will not be focused on (Neel et al., “Thrifty Genotype” Enters 21 Century 58). At this point it 

became clear that type II diabetes risk came from a variety of  

A secondary idea emerged that sought to explain how type II diabetes was rising in 

populations that do not fit the identifier of obesity and type II diabetes as proposed by the thrifty 

gene hypothesis (Joffe and Zimmet 140). This hypothesis from Barker-Hales was called the 

“thrifty phenotype” and proposes that in the period immediately after birth if a child experiences 

malnutrition this will lead to disfunction in insulin production and predisposes these children to 

type II diabetes (Barker and Hales 7). This was supported by data that showed 40% of adults 

with a birthweight of 5.5 pounds had a plasma glucose level of 7.8mmol/L while only 14% of 

adults with a birthweight of 9.5 pounds had this plasma glucose level (Neel et al., “Thrifty 

Genotype” Enters 21 Century 49). This idea seemed to directly oppose the view that a genetic 

factor was the main contributor to type II diabetes, yet some critics to the “thrifty phenotype” 

argued that even if this malnutrition was a leading factor that genetics still played a role in the 

process (Joffe and Zimmet 140). James Neel believed that the thrifty phenotype represented the 

extreme expression of the thrifty genotype, where the only infants with low birthweights to 

survive had thrifty genes that supported them as infants yet would later confer a predisposition to 

type II diabetes (Neel et al., “Thrifty Genotype” Enters 21 Century 49). This disagreement over 

the exact cause of diabetes predisposition seems to show a disease that arose in a variety of 

conditions and that sometimes presents in people who would not have been categorized as at 

risk. Difficulty in identifying the relevant genes to support the “thrifty genotype” is due to the 

possibility of mutations occurring in many different places, across effectively the entire insulin 

or lipid metabolism pathways (Joffe and Zimmet 140). With many places these genes might exist 
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identifying them would garner major support for these ideas, as up to this point the hypothesis 

remained likely but not fully supported. 

One possible genetic factor that was identified was the peroxisome proliferator activated 

receptor gamma (PPARᵞ) a nuclear receptor that is involved in adipogenesis or the creation of 

adipose tissue as well as a possible controller of the “thrifty gene response” (Auwerx 1033). The 

intricacies of the PPARᵞ structure and function are beyond the scope of this review however the 

function that PPARᵞ plays in adipogenesis, and insulin sensitization are the focus in this paper 

(Auwerx 1033). PPARᵞ’s main role in creating adipose tissue involve its association in a 

heterodimer termed the PPARᵞ/RXR (Auwerx 1035). Finding PPARᵞ’s involvement in adipose 

storage was a more tangible link to supporting the thrifty gene hypothesis. Another genetic factor 

that was thought to contribute to the thrifty genotype during this time was Apolipoprotein E 

(APOE) (Corbo and Scacchi 301). Apolipoprotein E is involved in the transport of lipids within 

the tissues; there were several APOE genes studied and the proteins that they expressed 

determine how lipids are stored and used in the body (Corbo and Scacchi 307). PPARᵞ and 

APOE share similarity in lipid metabolism and represent how type II diabetes is complex with 

multiple other risk factors like obesity contributing to insulin resistance. At this point while these 

genes had been identified and their functionality shown, they were not only thrifty genes, rather 

they were genes involved in metabolic function that could be viewed as thrifty genes. This 

represents a major difficulty in supporting the thrifty genotype hypothesis. 

Without definitive genes supporting the thrifty gene hypothesis, looking at the hypothesis 

in a different view shed light on how type II diabetes is proliferating in some populations. With 

the large increase in type II diabetes it became classified as an epidemic, however it affected 

groups differently with incredibly high prevalence among three indigenous groups in Australia, 
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the Pacific Islands, and North America (Mcdermott 1189). With so much focus initially upon the 

genetic cause of this disease, and with little support in one direction there has been a lack of care 

given to people living with the disease (Mcdermott 1190). In Australia this has resulted in 

research into the causes of diabetes yet no support for the interventions of the disease 

(Mcdermott 1190). This is further troublesome as there was a common view among healthcare 

workers that diabetes in Aborigines was genetic in nature and effectively inevitable that they 

would get this disease (Mcdermott 1190). This points to some issues with the thrifty gene 

hypothesis in its interpretation among the medical community. While this article was specifically 

citing the misconception of the Australian medical community it was likely that these same 

misconceptions exist for the North American indigenous populations and the Pacific Island 

indigenous populations. While original epidemiological data did point to clustering of type II 

diabetes in specific groups as a more western lifestyle is adopted across the world there has been 

an increase in type II diabetes among all groups (Mcdermott 1190). The problem with assuming 

that type II diabetes was rising in these groups only due to genetic factors took away other 

societal issues like poverty, lack of proper nutrition, and racism which all contribute to the risk 

that people will develop a chronic disease (Mcdermott 1192). It was found that in remote 

Aboriginal communities the lack of access to fresh fruits and vegetables caused a severe loss of 

micronutrients, and that leads people to eat more energy dense foods high in sugars and fats 

(Mcdermott 1192). These issues were likely to be seen in most other communities where type II 

diabetes seemed to be abnormally high, and they likely played a large role in the risk for 

developing type II diabetes. While there are genetic links to diabetes it should be taken that 

societal factors are heavily influencing this increase that was being observed. When peoples race 

becomes tied to certain “genes” or conditions it not only presents an inappropriate attribution to 



Hughes 10 
 

 
 

those people but also limits the actions of healthcare professionals to treat or prevent disease 

(Mcdermott 1193). Addressing this failure regarding the thrifty gene hypothesis allowed the idea 

to become more focused on treating and preventing type II diabetes rather than simply 

classifying the genetic causation behind the disease.  

As the thrifty gene hypothesis moves further into the 21st century the focus now lands on 

preventing and treating type II diabetes in tandem with understanding the intricacies of the 

disease. As it has been discussed before, type II diabetes is caused by a multitude of factors 

including lifestyle, genetics, and socioeconomic standing. While genome study had identified 

some genes that may contribute to development of type II diabetes the exact genetic basis as 

hypothesized by James Neel remained unknown. To better identify possible intricacies to the 

increasing level of type II diabetes, there was an idea that metabolic pathways evolved to support 

cycles of physical activity and rest just like cycles of feast or famine (Chakravarthy and Booth 

4). With these cycles of physical activity it is likely that genes evolved that promoted food 

storage as physical activity was very demanding, and the caloric intake of our ancient ancestors 

was likely very high to allow for this activity (Chakravarthy and Booth 5). With roughly 70% of 

the US population getting less than 30 minutes of exercise per day, these genes that evolved to 

support food storage are now detrimental to human health (Chakravarthy and Booth 5). It was 

thought that these genes would likely interact with the two major fuel sources glycogen and 

triglycerides (Chakravarthy and Booth 5). Muscle glycogen makes up a very small proportion of 

the energy stored in the body, however glycogen cycling in the body is important in the context 

of activity (Chakravarthy and Booth 6). It is hypothesized that in ancient times during times of 

famine both glycogen stores in the body and muscle will be at low levels and during times of 

feasting glycogen in the body is high, yet muscle glycogen will decrease during activity and 
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increase again creating a smaller cycle within the larger feast and famine cycle (Chakravarthy 

and Booth 6). In the same manner during times of famine fatty acid oxidation occurs reducing 

the levels of stored adipose tissue while during times of feasting triglycerides are synthesized 

increasing adipose storage (Chakravarthy and Booth 7). Physical activity played a crucial role in 

which genes evolved in our ancient ancestors, and the lack of physical activity in early 2000’s 

society was leading to the increase in type II diabetes. It was estimated that roughly 33% of 

people born in 2000 would develop type II diabetes and since genes have not changed in the 

years since the original thrifty gene hypothesis all the increased risk and cases is due to the 

environment people live in and the dysregulation of genes already present (Chakravarthy and 

Booth 8). Physical activity is very important for overall health, and it seems to confer a 

preventative measure to type II diabetes when practiced even for short intervals. It was seen that 

when walking for roughly 20 minutes a day at a speed of 3 mph it eliminated around 107kcal per 

day and decreased chronic health conditions like diabetes and cancer (Chakravarthy and Booth 

7). Looking at the effect that physical activity plays in the thrifty genotype sheds light on the 

importance of lifestyle besides diet in determining risk for type II diabetes. By understanding the 

environment that these genes developed in, by mirroring daily practices like exercise it may 

allow these genes to have a neutral effect on human health. 

As it moves to the more modern 2010’s the thrifty gene hypothesis remains in the middle 

ground. It was proposed that the thrifty gene hypothesis was false and rather through genetic drift 

alleles have appeared that promote the storage of energy (Speakman 1615). Speakman proposed 

that during evolution upper limits on the amount of fat storage existed due to predation of 

humans, and when humans developed tools and weapons these upper limits disappeared 

(Speakman 1615). Without these upper limits, genes that promoted the storage of fat would now 
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drift or mutate randomly to allow for more fat storage as they were no longer regulated 

(Speakman 1615). While coined the “drifty gene hypothesis” it seems that this idea is not fully 

supported, rather this shows that the thrifty gene hypothesis’s place in the 2010’s was anything 

but certain and it appeared to be fading from the spotlight. A more promising concept of study 

that arose for the prevention of type II diabetes was further expansion on the thrifty phenotype 

hypothesis (Vaag et al. 2085). By this point it was found that glucose intolerance from 

prediabetics to type II diabetics had dysfunction of multiple organ systems (Vaag et al. 2086). In 

support of adverse environmental conditions contributing to the development of type II diabetes 

it was found that twins who developed type II diabetes had much lower birthweights when 

compared to their co-twins without diabetes, however it was also supported that low-birth-weight 

twins have a similar risk to a single child with lower birth weight in developing the disease 

(Vaag et al. 2086). While it needed further study it seems that the thrifty phenotype may prove to 

be a more accurate descriptor for type II diabetes risk. 

Conclusion  

The thrifty gene hypothesis as proposed by James Neel supported the idea that human 

evolution during times of feast or famine selected genes that promote the storage of food as 

energy in the body. In a modern environment this extra storage of energy was believed to lead to 

an increase in insulin resistance and type II diabetes. When studied in the mid and late 20th 

century several groups of people across the world seemed to show support for the thrifty gene 

hypothesis as levels of type II diabetes were exceptionally large. As further research was 

completed it became clear that not only genetics but rather lifestyle and socioeconomic factors 

contribute to the risk of developing type II diabetes. Several studies of the type II diabetes and of 

genes that control glycogen and lipid metabolism revealed a complex disease that did not 
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conform to one idea, multiple genes and body systems were affected by the disease and the 

frequency of cases rose across the world. While genetic links for the disease are commonly seen 

and studied the exact genetics behind these links is unknown still. New avenues of research into 

childhood environment showed evidence for a thrifty phenotype hypothesis that has garnered 

more evidence and support in recent years. In today’s world type II diabetes is still a common 

disease, in 2015 diabetes was ranked as the seventh leading cause of death in the United States 

and is estimated to be the seventh leading cause of death globally by the year 2030 (Moini 47). 

While the thrifty genotype remains in an indeterminate state, consistent genetic research and 

advancement in the coming years will reveal more about type II diabetes and may give more 

evidence to support or refute the hypothesis.  
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