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Chronic kidney disease is associated with a clustering of risk factors that greatly influence 

the development of cardiovascular complications in adults. In treatment of patients with the 

more advanced forms of kidney disease, dialysis is a necessary therapy.

In this current issue of Circulation Research1, the authors study a known problem with 

the peritoneal ‘form’ of dialysis; that the dialysis fluid can in itself contribute (or it is 

at least associate with) to disease. The authors discover that a degradation component of 

glucose in dialysis fluid can not only cause an inflammation of the peritoneum as has 

been known, but here they find it can also ‘cause’ pathological vascular remodeling in the 

arteriolar network within the omentum of the peritoneum. These observations come by way 

of Bartsova et. al from the University of Heidelberg and Vienna who analyzed samples 

and data from a multi-center international tissue and data repository from these children 

undergoing peritoneal dialysis for a duration of ~2 years.

While the risk factors for cardiovascular and kidney disease amplify with age in a generic 

sense, the current study comes from a sample population with chronic kidney disease 

absent of these variables: children. Children, in general, more commonly undergo peritoneal 

dialysis (as do patients with end stage renal disease1, 2), which requires less ‘in-patient’ 

time. The resultant findings inform of the potentially harmful components that can arise 

in dialysis fluids called glucose degradation products (also abbreviated to GDPs) and their 

effects on the peritoneal arteriolar network.

Some basics:

The kidney is our filtration system, and when it fails, physicians must ‘mechanically’ 

intervene to filter our blood. There are two basic types of intervention: peritoneal dialysis 

and hemodialysis. In peritoneal dialysis, the filtering of the kidneys is accomplished by the 
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catheterization of the abdominal cavity (through the peritoneum), in which a solution is 

infused, which ‘absorbs’ waste in the abdomen which is then collected and discarded.

In patients with chronic kidney failure, water, electrolytes, and waste products accumulate in 

the body resulting in imbalances that can cause lethal toxicities to the patient. In peritoneal 

dialysis, the infusion of a concentrated pressure dialysis solution in the patients’ abdomen 

enables waste exchange and disposal across the peritoneal membrane. Glucose is generally 

used to maintain this high osmotic pressure to withdraw the waste and water from the 

bloodstream.

A key part of the article in this study is that those children calculated to have high levels of 

GDP in their peritoneal dialysis fluid exhibited pathological vascular remodeling in omental 

arterioles (peritoneal). To identify the novel mechanisms that could have been triggered by 

the GDPs to cause this remodeling, the authors implemented a profiling approach on the 

vessels, doing both microarray and proteome analyses on the children’s arterioles retrieved 

from the bio-bank. Numerous pathways were dysregulated in the high GDP-exposed 

arterioles, including cytoskeletal and junctional genes and proteins. Consistent with their 

prior observation,3 the profiling revealed the presence of increased advanced glycation end 

products (AGEs) in the high GDP group, which are surmised to be the culprits. This is 

consistent with mouse studies from another group, showing that the Receptor for AGE 
(RAGE) deficient mice treated with ‘lab-made’ peritoneal dialysis fluids that contained high 

GDP were protected from inflammation and peritoneal pathology.4 While more studies are 

needed, these observations support the idea that AGEs contribute to the pathology induced 

by the high GDP. From a more introspective perspective, while the thinking has been that the 

increased AGEs are a consequence of the high GDP, might it also be possible that factors/

enzymes that increased AGEs could themselves be impacting the elevation or ‘toxicity’ of 

the high GDPs? Consistent with that possibility, children who have not undergone dialysis 

but suffer from chronic renal failure and type 1 diabetes may still have increased AGEs.5

This may be a little departure from the biology in the human body, but high levels of GDPs 

are mostly generated by the ‘manufacturing and heat sterilization’ of the dialysate solutions. 

Another aspect not related to biology is that the manner of dialysis delivery, can take high 

GDPs and turn them to lower GDPs using a ‘two chamber’ dialysis system versus ‘one 

chamber’. While glucose can ‘devolve’ into these potentially harmful GDPs, glucose does 

of course plays a key positive role in the peritoneal dialysis fluid, as it acts to produce 

the osmotic pressure gradient across the peritoneal membrane facilitating waste filtration. 

Dialysis solution generally contains a range of glucose from 1.36% glucose to 4.25%, while 

dextrose and other constituents can also be used to generate osmotic pressure.6–8 Whether 

the amount of glucose in the dialysis fluid can be titrated to minimize GDP formation is 

not fully clear, nor, if the degradation of the glucose itself (aside from the GDP formation), 

compromises its filtering ability.

So what exactly are these ‘glucose degradation products?’ For one, despite the similar name, 

they are chemically distinct from advanced glycation end-products, and also distinct in that 

the former arise in ‘bags’ and the latter in the body. When glucose is heat-sterilized for 

placement in the dialysis delivery bags, it is degraded to GDPs. The identity of those GDPs 
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include formaldehyde, acetylaldehyde, and an important one, 3-deoxyglucosone (3-DG)9, 

[3-DG was also studied in an in vitro arm of this work by Bartsova et. al]. While 3-DG is 

also formed in the human body by the Maillard reaction, a characteristic of its dicarbonyl 

structure is reactivity, and when exiting the dialysis bags into the body it promotes AGE 

formation because of its reactive nature.10 Whether it is 3-DG or other GDPs, the consensus 

is that in dialysis solutions with low GDPs, the peritoneal membrane integrity is better 

preserved, and AGEs are reduced.1112 An additional point of interest is that aside from 

glucose making high GDPs, high glucose itself (in peritoneal dialysis fluids) can induce 

glycosylation of substrate proteins. Importantly glucose levels were controlled for in the 

current study by Bartsova et al.

Bartsova et. al, make important findings, but also lay the groundwork for additional analyses 

and experimentation: In the current studies, GDPs are not directly identified or measured 

chemically in the patients’ plasma. While 3-DG may be a key component that arises from 

the catabolized glucose, one which was assessed by the authors in cultured human umbilical 

artery endothelial cells in the final article figure, determining the identity of the specific 

GDP that are elevated and are toxic to the vasculature would be important. Also, it would be 

interesting to assess vascular function in these high GDP, chronically exposed arterioles. 

However, attaining fresh human arterioles that are so-treated may make that difficult. 

Alternatively, vascular ‘ring’ studies in ‘naïve’ arterioles acutely exposed to different GDPs 

might be an equally important but more feasible study. Also, the omics studies here were 

performed in micro-dissected arterioles, but future studies could expand upon these findings 

with cell-specific analysis in not only endothelial cells, but also the impact in smooth muscle 

cells and adipose.

There were many key control points in this study. Dialytic glucose exposure was the same 

in patients with low or high GDP in dialysis fluid. This ruled out levels of glucose as a 

factor. The children studied in this work should have been largely absent of age-dependent 

development of vascular disease and other CVD risk factors, and yet they are developing 

vascular pathology after about two years of PD (high GDP group). Whether the observed 

remodeling is in fact pathological response, a protective adaptation, or somewhere in 

between is another story altogether. The transcriptomic and proteomic analysis of the 

arterioles exposed to high GDP points to endothelial-specific effects, but addition important 

information is likely therein. A final point of commentary: while high GDP exposure 

may extend beyond the peritoneal arterioles to impact the ‘major’ organ vasculature, the 

peritoneum itself can be an overlooked vascular organ/tissue, that is not only affected in 

dialysis but also important in metastasis,13 abdominal surgery,14 and gastrointestinal disease. 

More studies should look at the peritoneal vasculature in different disorders. Finally, the 

authors propose that targeting (or interfering) with high GDP overload in CKD should be 

an area of focus, so that new strategies to counteract high GDP formation are developed. 

Alternatively it may be necessary to administer and/or process peritoneal dialysis solutions 

which are less prone to degrading into harmful glucose metabolites.

The soul is healed by being with children.”

— Fyodor Dostoyevsky
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Figure. High GDPs in dialysis solutions induce vascular remodeling in omental arterioles.
Heat sterilization of dialysis fluid can cause glucose to (at least) in part deteriorate into 

glucose degradation products. The current work finds that patients treated with dialysis 

fluid that are especially high in these glucose degradation products results in increased 

pathological remodeling in arterioles of the omentum (peritoneal membrane that hangs from 

the stomach). Further, the authors find advanced glycation products (distinct biochemically 

from glucose degradation products) are upregulated in the abdominal fluid from the children 

with high GDP, The study subjects in this article are children with chronic kidney disease 

who were treated by peritoneal dialysis.
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