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Are You At Increased Risk For Developing Type 2 Diabetes?

Epigenetic biomarkers for Type 2 Diabetes
Type 2 diabetes (T2D) is a complex disease that results from genetic and environmental interactions that can be modified 
and/or mediated by epigenetic changes. A number of genetic and non-genetic factors have been identified that increase 
the risk of T2D. However, a healthier lifestyle, including proper diet and exercise, can potentially reduce the risk of T2D by 
almost 50 percent in high-risk groups [3].

Therefore, there is great interest and need to identify individuals that have a high risk of developing T2D. By postponing 
and/or preventing T2D and its complications, it may be possible to reduce T2D-associated mortality and the financial cost 
of treating the disease and its complications.

To date, more than 65 genetic variants have been identified that increase the risk of T2D by almost 10 percent [8]. However, 
genetic screening for T2D risk variants has not been implemented in clinics. Despite the potential value of such screening 
tests, a number of limitations have hindered their use. These limitations include small effect size, their low discriminative 
ability, a small added value compared with the clinical risk factors, and a lack of models that take into account gene-gene 
and gene-environment interactions [3]. Failure to understand the pathophysiology of T2D hinders the efforts to develop 
improved therapeutic strategies [7].

There is great interest in epigenetic biomarkers such as DNA methylation, which, unlike the DNA sequence, can be  
influenced by the environment, and has the potential to improve T2D prediction [3]. Recently, an epigenome-wide association 
 study identified 5 DNA methylation loci (ABCG1, PHOSPHO1, SOCS3, SREBF1, and TXNIP) in the blood that were associated 
with T2D. Furthermore, the study showed that a methylation score that combined the results from these 5 methylation loci 
found an association with prospective T2D occurrence [1].
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What is ABCG1?
ABCG1 is a gene that encodes a member of the ATP-binding cassette (ABC) protein family, which plays a role in the  
homeostasis of glucose and lipids. These proteins do so by removing excess cholesterol from peripheral tissues and 
transporting it to the liver. The HDL-mediated increase in insulin secretion is dependent on ABCG1 [2]. Loss of both the 
ABCA1 and ABCG1 genes results in sterol accumulation, impaired glucose-stimulated insulin secretion, and inflammation 
of pancreatic ß-cells which can all lead to diabetes [6].

The ABCG1 marker has been replicated across different tissues in more than 10,000 individuals representing different 
ethnicities. Altered DNA methylation in ABCG1 is associated with the downregulation of mRNA levels from T2D individuals 
[2]. DNA methylation at this site in blood DNA has demonstrated to be functionally correlated with a number of T2D risk 
factors, such as BMI, triglycerides, and HbA1c [3].

Your DNA methylation score at ABCG1 locus cg06500161 gives an indication of your level of risk for type 2 diabetes; if your 
score is 70.1% or greater it is associated with a 9% increased risk for future type 2 diabetes occurrence. 
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What is PHOSPHO1?

PHOSPHO1 encodes a phosphatase that is highly expressed in skeletal muscle and plays a role in skeletal mineralization. 
Under certain circumstances, it may also cause vascular mineralization. Cardiovascular calcification is a common  
consequence of aging, diabetes, and hypercholesterolemia. PHOSPHO1, is also considered to be an attractive target for 
cardiovascular therapy. Interestingly, it has been found that DNA methylation at the PHOSPHO1 locus cg02650017 in blood  
correlated positively with HDL levels. DNA methylation at the PHOSPHO1 locus cg02650017 is associated with future T2D risk [3].

A DNA methylation score of 5.0% or greater at the PHOSPHO1 locus cg02650017 in blood DNA was associated with a 15% 
decreased risk for future type 2 diabetes occurrence. 
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THE IMPACT TO YOU
The impact to you is based on your level of methylation at these gene loci compared with the risk categories determined 
and assessed in the cited papers in regards to T2D risk.

Your DNA methylation score was _A__ at the ABCG1 locus and __B_ at the PHOSPHO1 locus.

Your DNA methylation scores at these gene loci would reflect __C__ according to the referenced study. [3]

Some studies on this particular CpG loci have suggested that fasting and low carb diets can reduce methylation at these 
loci to lower your risk. Please consult your doctor to discuss this and more treatment options.

Summary
Type 2 diabetes can be modified and/or mediated by epigenetic changes, and a number of genetic and non-genetic factors 
have been identified that increase the risk of T2D. Recent studies have found 5 DNA methylation loci associated with T2D 
occurrence. ABCG1 is a gene that insulin secretion is dependent on. Altered DNA methylation in ABCG1 is associated with 
the locus downregulation of mRNA levels from T2D individuals. DNA methylation at the ABCG1 locus cg06500161 in blood 
DNA was associated with an increased risk for future T2D and DNA methylation at the PHOSPHO1 locus cg02650017 in 
blood DNA was associated with a decreased risk for future T2D. DNA methylation at these loci is associated with cholesterol 
levels, triglyceride levels, ischemic stroke, and risk of T2D. Identifying T2D risk factors is fundamental for the prevention of 

The Science
DNA methylation at the ABCG1 locus cg06500161 in blood DNA was associated with a 9% increased risk for future 
T2D (OR = 1.09, 95% CI = 1.02–1.16, P-value = 0.007, Q-value = 0.018), while DNA methylation at the PHOSPHO1 locus 
cg02650017 in blood DNA was associated with a decreased risk for future T2D (OR = 0.85, 95% CI = 0.75–0.95, P-value = 
0.006, Q-value = 0.018) after adjustment for age, gender, fasting glucose, and family relation. 

Furthermore, the level of DNA methylation at the ABCG1 locus cg06500161 in blood DNA correlated positively with BMI, 
HbA1c, fasting insulin, and triglyceride levels, and was increased in adipose tissue and blood from the diabetic twin among 
monozygotic twin pairs discordant for T2D. DNA methylation at the PHOSPHO1 locus cg02650017 in blood correlated 
positively with HDL levels [3].
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