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There is an increasing number of people with diabetes on peritoneal dialysis (PD) worldwide. However,
there is a lack of guidelines and clinical recommendations for managing glucose control in people with
diabetes on PD. The aim of this review is to provide a summary of the relevant literature and highlight key
clinical considerations with practical aspects in the management of diabetes in people undergoing PD.

A formal systematic review was not conducted because of the lack of sufficient and suitable clinical studies.
A literature search was performed using PubMed, MEDLINE, Central, Google Scholar and ClinicalTrials.gov.,
from 1980 through February 2022. The search was limited to publications in English. This narrative review
and related guidance have been developed jointly by diabetologists and nephrologists, who reviewed all
available current global evidence regarding the management of diabetes in people on PD.

We focus on the importance of individualized care for people with diabetes on PD, the burden of hypo-
glycemia, glycemic variability in the context of PD and treatment choices for optimizing glucose control. In
this review, we have summarized the clinical considerations to guide and inform clinicians providing care for
people with diabetes on PD.

Kidney Int Rep (2023) 8, 700-714; https://doi.org/10.1016/j.ekir.2023.01.040

KEYWORDS: diabetes; kidney failure; peritoneal dialysis

© 2023 Published by Elsevier, Inc., on behalf of the International Society of Nephrology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

anagement of diabetes in people with kidney review articles on the management of diabetes in peo-

failure (KF) can pose a clinical challenge because ple on hemodialysis, there is a gap in the literature and
of multiple factors, including high risk of hypoglyce- knowledge in this area for people receiving PD." The
mia, impact of kidney replacement therapy on glucose aim of this narrative review is to appraise the relevant
levels, prevalence of multiple comorbidities, and literature and summarize the clinical considerations
contraindication of certain diabetes medications in KF. and practice points to guide clinicians looking after
Even though there are several recent guidelines and people with diabetes on PD. Our review includes rec-

ommendations from the recent Joint British Diabetes
Societies Inpatient Care guideline on the management
of adults with diabetes on dialysis that incorporates a
chapter on management of diabetes in people under-
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1980 through February 2022 using PubMed, MED-
LINE, Central, Google Scholar and ClinicalTrials.gov.
The search was limited to publications in English.
Because of the limited availability of studies related to
diabetes in the PD population, all systematic reviews,
meta-analysis, prospective observational studies of
cross-sectional, case control, longitudinal cohort design
or randomized studies, and case series were included.
The terms “peritoneal dialysis,” “diabetes,” “chronic
kidney disease,” “kidney failure, “icodextrin,”
“glucose-based dialysate,” “insulin,” “hypoglycemia,”

" “exercise,” “insulin,” and other relevant
items in different combinations helped to identify
relevant literature. Reference lists from relevant articles
were hand-searched, and the search was further sup-
plemented by key articles by the experts in the rele-
vant fields.

The literature search yielded 1985 records and after
excluding duplicates, 1234 titles were screened, and
134 relevant articles were selected for full text review,
together with 8 additional articles from direct citation
search, out of which 112 were finally included in the
current review (Supplementary Figure).

Because of the dearth of evidence to support man-
agement decisions, we have developed a series of clinical
practice points to inform and guide clinicians looking
after people with diabetes on PD rather than making
explicit recommendations (Table 1). Practice points
represent the expert judgment of the writing group and
may also be on the basis of limited evidence. Unlike
recommendations, practice points are not graded for
strength of recommendation or quality of evidence.

’

“nutrition,

Impact of Dialysis on the Glycemic Control and
Metabolic Parameters in People Undergoing
Peritoneal Dialysis

Diabetes remains the most common cause of KF glob-
ally, accounting for nearly 50% of KF cases world-
wide.”” For many people, PD as a home-based therapy
provides multiple advantages over hemodialysis, in
terms of autonomy and independence. Current data
suggest that PD accounts for 9% of all people receiving
kidney replacement therapy and 11% of all undergoing
dialysis.”” People with diabetes on PD have a higher
risk of mortality and technique failure compared with
those who do not have diabetes; they are also at sig-
nificant risk for diabetes-related complications such as
eye disease and foot disease.”’

The role of PD in the care of people with KF and
diabetes has previously caused debate. A considerable
number of observational studies of varying sizes have
examined the relationship between dialysis modality
and survival. Widely differing outcomes have been
reported, some favoring hemodialysis,” others favoring
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PD,’ and still others reporting equivalence.m'l1 These
studies also report on significant modifiers of this
relationship and suggest that hemodialysis confers
survival benefits for older patients, patients with dia-
betes, and those on kidney replacement therapy for
more than 2 years.'”"” A major limitation of these
observational studies has been the inability to fully
adjust for the substantial systematic differences be-
tween PD and hemodialysis cohorts, resulting in se-
lection bias. More recent studies utilizing propensity
score matching to adjust for these differences have
given more reassuring and equivalent outcomes.' "'

The role of PD in the worsening of metabolic param-
eters remains unclear. Commercially available peritoneal
dialysates contain 1 of 3 osmotic agents, namely glucose,
icodextrin, or amino acids. Glucose-containing di-
alysates remain the most used because they are largely
safe, effective, and inexpensive. The standard glucose-
containing dialysate solutions consist of dextrose mon-
ohydrate in variable concentrations ranging from 1.36%
to 4.25% and are available in different brands. As a
result of its small molecular size, glucose is freely
absorbed from the peritoneal cavity, resulting in a loss of
the osmotic gradient and net absorption of glucose esti-
mated at 100 to 300 g per 24 hours.'” "’
glucose absorbed into the blood will depend on the
tonicity and volume of the dialysate, transport charac-
teristics of the peritoneal membrane, dwell time, and the
individual’s blood glucose level."”’

A study in 1981 involving 7 people on continuous
ambulatory peritoneal dialysis (CAPD) demonstrated
that the amount of glucose absorbed through the dial-
ysate is directly proportional to the glucose concentra-
tion in the peritoneal dialysate, ranging from 1.5% to
4.25% glucose.”” A more recent study involving 8
people with either type 1 diabetes or type 2 diabetes
with KF on CAPD demonstrated that the quality of
glycemic control can be affected by the type of PD fluid
being used.”' In this study, the mean 24-hour contin-
uous glucose monitoring (CGM) glucose level was higher
in the phase which used 1.36% and 3.86% dextrose-
containing dialysate than in the phase which used
1.36% and icodextrin-containing dialysate.”'

There is conflicting evidence with regard to new onset
or worsening of hyperglycemia with glucose-containing
PD solutions. Although new onset hyperglycemia and
impaired glucose tolerance have been reported in people
commenced on PD,”**’ subsequent epidemiologic studies
and a recent meta-analysis indicated no difference in the
risk of new onset hyperglycemia compared with their
hemodialysis counterparts.””*” In the early stages of time
on PD, an improvement in insulin sensitivity as a result of
reduced uremia may offset some of the additional glucose
load.”

The amount of
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Table 1. Summary practice points
Summary practice points

1. Glycated HbA;, despite the limitations, is currently the preferred marker for long-term
glycemic control assessment in people with diabetes on PD.

2. Other markers such as glycated albumin or fructosamine may be less reliable than
HbA;. in PD.

3. HBA,, freafment goals and fargets should be individualized and other clinical pa-
rameters such as anemia, erythropoietin freatment, and PD regime must be consid-
ered when managing diabetes in people on PD.

4. Avoid the use of glucose dehydrogenase and coenzyme pyrroloquinoline-quinone-
based glucometers or strips because these can give falsely elevated blood glucose
readings in people undergoing PD with icodexirin and can result in the risk of
excessive freatment and iatrogenic hypoglycemia.

5. Although the benefits of continuous glucose monitoring and flash glucose monitoring
are yet to be studied in defail in this cohort, observational data suggests a great
benefit of these technologies in minimizing glycemic variability and detection of
hypoglycemia.

6. An individualized approach fo the management of diabetes with consideration of risks
of hypoglycemia, comorbidities, type of PD, and glucose confent of dialysate is
required.

7. Insulin dose fitrations and regimens should be individualized.

8. Specialist input of the multidisciplinary diabetes team is required for high risk people
with diabetes on PD such as people with fype 1 diabetes, people with type 2 diabefes
on insulin, people with high glycemic variability, people with recent hospital ad-
missions with hypoglycenic or hyperglycemic emergencies, and people who have not
received siructured diabefes education within the last one year.

9. All people with diabetes on PD should receive education on the risk of hypoglycemia,
advice on mitigating risks, and guidance on self-management.

10. For people with diabefes on PD requiring insulin freatment, we advise the use of
insulin subcutaneously only and we do not recommend infraperitoneal adminis-
fration of insulin because of the lack of efficacy data and the known risks.

11. If using glucose-based dialysates, there may be a need for increased insulin doses
fo counter the systemic absorption of glucose from the dialysate and additional
short-acting insulin may be needed after each exchange based on blood glucose
level.

HbA;., hemoglobin; PD, peritoneal dialysis.

Small physiological studies have demonstrated in-
creases in plasma glucose concentrations associated
with glucose-containing dwells in people with dia-
betes.”'"*”*” The Global Fluid Study reported higher
random glucose levels associated with increasing dial-
ysate glucose exposure in people without diabetes.™
Because people on dialysis have multiple risk factors
for hyperglycemia, insulin resistance and metabolic
derangement, the relative impact of peritoneally-
absorbed glucose on short-term and long-term glyce-
mic control remains unclear. As discussed below,
quantifying the metabolic burden of PD is further
complicated by the choice of an appropriate and ac-
curate marker of glycemia in this population.

Diabetes in People on PD

A detailed description of the diagnosis of new onset
diabetes in people on PD is out of the scope of this
article and should be based on the standard diagnostic
criteria as per the current available guidelines.’'
Only a few studies are available with regard to the
incidence of new onset diabetes in people on PD, and

702

P Wijewickrama et al.: Peritoneal Dialysis and Diabetes Management

these show conflicting data with regard to the
comparative incidence of new onset diabetes in people
on PD compared to hemodialysis.”’35

In our opinion, when a person with diabetes is newly
initiated on PD, close monitoring of blood glucose is
required because of the known effects of PD on glyce-
mic control. Blood glucose needs to be checked before
and after each exchange to assess whether the PD per se
has had an impact on the glycemic control. If the blood
glucose values after the exchanges are persistently
above 10 mmo/l (180 mg/dl), and if the person is on
maximum doses of oral glucose-lowering therapies, a
discussion with the diabetes team with regard to initi-
ation of insulin may be warranted. If the person is
already on insulin before PD, we advise discussions
with the diabetes team for dose adjustments and please
refer to the section on Clinical Considerations When
Using Insulin Treatment in People With Diabetes on PD
in this review for further information. In someone on
diet and lifestyle control only for their diabetes, we
would advise the same process as above and if values are
persistently above 10 mmo/l (180 mg/dl), a discussion
with the diabetes team on suitable oral treatment op-
tions, or insulin if overt hyperglycemic symptoms are
present. Similarly, if a person with diabetes is newly
initiated on automated peritoneal dialysis (APD), we
recommend that monitoring blood glucose for the first
week after initiation, to assess the impact of APD on the
glycemic control as optimization of glucose-lowering
therapies, will be required. Details on treatment op-
tions are described in more detail in the section on
Treatment of Diabetes in People on PD.

Monitoring of Glucose Control in People With
Diabetes on PD
Assessing Long-term Glycemic Control
Please refer to Table 2 for a tabulated summary of ad-
vantages and disadvantages of available glycemic
monitoring methods in people on PD. Overall, HbA,_ is
currently the best evidence-based measure of long-term
glycemic control in people with diabetes without KF
and reflects average glycemia over approximately 8 to
12 weeks, equivalent to the red cell Iifespan.36 There is
a well-established relationship between HbA,. esti-
mated average glucose levels, and the risk of diabetes-
related morbidity and mortality.””*®

Because of multiple factors including anemia, and
its treatment with iron and erythropoietin, HbAlc can
be less reliable in people with advancing chronic
kidney disease (CKD), particularly those with CKD
stages 4 and 5.””"' Modern HbA,, assays are, how-
ever, less likely to be influenced by uremia or
hemoglobinopathies.***’

Kidney International Reports (2023) 8, 700-714
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Table 2. Monitoring glycemic control in people on peritoneal dialysis

REVIEW

Modality Pros

HbA o Useful to assess long-term glycemic control.

« Demonstrated by studies to be reliable and accurate in people with

KF on PD.
o Standardized assay

Cons

Falsely low values in KF because of anemia, repeated blood frans-
fusions, erythropoietin treatment, and protein energy malnutrition.
Falsely high values because of metabolic acidosis and elevated blood
urea nitrogen.

Glucose variability not assessed.

Fructosamine « May be useful in instances where HbA, . cannot be reliably used « More shori-term assessment than HbA,. (2-3 weeks)
« May be less reliable than HbATc in PD
o Not standardized
o Glucose variability not assessed
Glycated albumin « Some studies have demonstrated benefit, especially in instances where « The use may be limited because of proteinuria and albumin loss info the

HbA; is unreliable

Capillary blood glucose « Widely available
(CBG) monitoring o Low cost

Infermittent scanned or real- o Can assess glucose variability

fime confinuous glucose « Low alerfs are useful fo defect asymptomatic hypoglycemia
monitoring systems « Helps to minimize CBG fluctuations with PD by allowing more accurate

insulin dose titrations
« Allows for remofe review of dafa to the freafing team

o Many small studies have demonstrated accuracy and usefulness in PD

population

PD fluid
Not standardized
Glucose variability not assessed

Issues with the use of people on icodextrin PD giving rise to falsely high
values with some glucometers

Glucose variability harder fo assess unless mulfiple testing >6 fimes per
day

Higher cost

Not widely available

No data from large studies af present

No KF or PD specific targefs available because of insufficient data. We
suggest using a lower Time in Range (TIR) farget of 50%—70% and

fime below <3.9 mmol/l (<70 mg/dl) of <1% in older frail people at
high risk of hypoglycemia whereas a more stringent TIR target of >70%,
with <4% time below <3.9 mmol/l (<70 mg/dl) can be considered in
younger people and people with other microvascular diabetes compli-
cations or those awaiting KT, who do not have additional risk factors for
severe hypoglycemia.

CBG, capillary blood glucose; KF, kidney failure; KT, kidney transplant; PD, peritoneal dialysis; TIR, time in range.

There is limited observational evidence for a J-shaped
relationship between HbA, . and mortality in hemodial-
ysis cohorts.”*"’ Similar studies in purely PD cohorts are
scarce and have produced conflicting results' " There-
fore, unlike in the non-dialysis diabetes population there
is no compelling evidence linking improvements in
HbA, . with measurable benefits in clinical outcomes.

Other proposed alternatives for assessment of long-
term glycemic control include fructosamine and gly-
cated albumin (GA). Establishing a relationship be-
tween these markers and mortality or other clinical
outcomes has also been challenging.

GA is formed when glucose is covalently bound to a
free amino group on albumin. Because of the shorter
half-life of albumin, it is thought to represent glyce-
mic levels in the preceding 3 weeks. Because the half-
life of albumin is not affected by uremia, in people on
dialysis, GA has been proposed as a more accurate
marker of glycemia and more predictive of outcomes
compared with HbA,; however the single study
suggesting this was in a population predominantly
composed of people on hemodialysis.”” There have
been concerns about the utility of GA in people on PD
given the high prevalence of hypoalbuminemia, as a
result of both proteinuria and albumin losses into PD
fluid.’® However, there are some observational data
suggesting a predictive relationship between GA and
mortality in people on PD."®

Kidney International Reports (2023) 8, 700-714

When addressing how accurately these markers
reflect glycemic control, the challenge is establishing
what the comparative marker should be. Several small
studies using CGM have suggested moderate correla-
tions between mean interstitial glucose concentrations
and both HbA,. (r = 0.51) and fructosamine (r =
0.45).”'”” Preliminary results from The Glycaemic
Indices in Dialysis Evaluation study showed moderate
correlations between all 3 markers and random glucose
levels.” Although this study had only a small pro-
portion of people on PD (16%), it still represents the
largest prospective study (282 people) of glycemia and
diabetes-related outcomes in people on PD .

Overall, there are potential drawbacks to all 3
methods and the results need to be interpreted with
caution and in the context of individual patient char-
acteristics (Table 2). There are insufficient data to
recommend one measurement assay over others in the
context of PD; however in our opinion HbA,. is
generally preferred because of the wide availability of a
standardized assay and longer duration of experience.

Assessing Glycemic Variability

Self-Monitoring of Capillary Blood Glucose. Capillary
blood glucose monitoring is the most used method of
assessing day-to-day glycemic variability in diabetes.
Glucometer and strips in people on PD should be
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chosen with caution because of certain types of gluc-
ometers giving rise to false readings.

There are 2 key components of a glucometer, namely
an enzyme reaction and a detector. Three types of
enzymatic reactions are currently being utilized:
glucose oxidase, glucose dehydrogenase (GDH), and
hexokinase. GDH-based glucometers use 3 types of
coenzymes; GDH and GDH-PQQ, GDH and coenzyme
nicotine adenine dinucleotide, and GDH and coenzyme
flavin adenine dinucleotide. Out of these, GDH-PQQ is
not glucose specific and can react with other sugars
including maltose, galactose, and xylose, thereby giv-
ing rise to falsely elevated glucose readings, resulting
in insulin overdose and hypoglycemia.”

This becomes a particular issue in people on PD with
icodextrin-based dialysate, because icodextrin metab-
olizes to maltose, which can cross react with the GDH-
PQQ based glucometer system. Adverse events,
including severe hypoglycemia and death have been
reported with this assay being used in the care of
people with diabetes on icodextrin-based PD.”” "
Consequently GDH-PQQ based systems should always
be avoided in people on PD. Clinicians and patients are
recommended to review the labels of both the gluc-
ometer and the test strips used, or if in doubt, contact
the manufacturers to ensure the type of enzymatic
method being used. Furthermore, maltose metabolites
produced after PD with icodextrin take at least 2 weeks
to return to baseline; therefore, the glucometer assay
interference may persist for some time even after
cessation of icodextrin dialysate use.”

Intermittent
scanned (flash) and real-time CGM systems are rapidly
evolving technologies which are being increasingly
used in the care of people with diabetes for over a
decade. By measuring interstitial glucose concentra-
tions at regular intervals throughout the day and night,
they allow assessment of glycemic variability and
detection of asymptomatic hypoglycemia and hyper-
glycemia. Newer models are being used as replacements
for self-monitoring of blood glucose and have the ad-
vantages of providing data on glycemic variability,
estimated HbA,., percentage time in range, hypergly-
cemia, and hypoglycemia; and along with low alerts are
extremely useful in detecting asymptomatic hypogly-
cemia. However, their utility in the care of people on
dialysis is still being defined.”

Studies with small numbers of participants were
encouraging with regard to accuracy compared to
venous glucose measurements.” However, the accu-
racy of newer models has not been rigorously assessed
in PD cohorts, and therefore, the potential for inter-
ference by physiological states such as hypoxia and

Intermittent Scanned and Real-Time CGM.
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uremia and exogenous substances such as maltose has
not been assessed. Of note, most commercially available
intermittent scanned and real-time CGM systems use
glucose oxidase-based enzymatic reactions, which are
not known to be affected by icodextrin metabolites.”’

Small-scale studies in people on PD have demon-
strated that self-monitoring of blood glucose as
routinely carried out by people with diabetes can miss
many hours of high readings and therefore underesti-
mate actual levels of glycemia,®' thereby proving the
utility of intermittent scanned and real-time CGM
systems. They may also prove useful in broadening our
understanding of the impact of peritoneally-absorbed
glucose on overall glycemic control. These small-scale
studies, one involving 8 people with insulin-treated
diabetes on CAPD (both type 1 diabetes and type 2
diabetes), and the other involving 25 people with dia-
betes on PD (details on diabetes type or treatments
were not reported) have demonstrated modest to
reasonably good correlations of CGM systems with
venous self-monitoring of blood glucose measurements,
as well as fructosamine, and HbA,, levels.”"”’

Studies have demonstrated significantly different
effects of APD and CAPD on the 24-hour glycemic
profiles, which would not be appreciated by traditional
metabolic markers such as HbA,. fasting plasma
glucose, or markers of insulin resistance.®*%’

Although the use and benefits of CGM systems is yet
to be tested in large scale trials among people on PD,
data from the above small studies, and larger studies in
hemodialysis cohorts and clinical real world experience
suggest that this technology can be beneficial in people
with diabetes on PD, especially with regard to mini-
mizing glycemic variability and hypoglycemia.®*’
How CGM generated metrics such as time in range
(defined as the time spent between glucose levels 3.9 to
10 mmol/l (70—180 mg/dl]), and glycemic variability
correlate to overall diabetes-related complications,
morbidity, and mortality is yet to be elucidated.

Treatment of Diabetes in People on PD
Glycemic Targets

Considering that no large studies have been conducted
that examined the relationship between glycemic con-
trol and outcomes in people on PD, current guidelines
are extrapolated from studies in people with normal
kidney function and some studies in people on hemo-
dialysis. From the data from other CKD populations, it
is evident that both inadequately controlled and
excessively lowered glycemia can be associated with
adverse health outcomes.””°® Therefore, as per the
current guidelines, less stringent HbA,. targets than
the standard target of 53 mmol/mol (7.0%) may need to

Kidney International Reports (2023) 8, 700-714
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Table 3. Treatment considerations in managing diabetes in people on peritoneal dialysis

Oral anti-diabetic drugs and Glucagon-like peptide receptor agonists in peritoneal dialysis
o Sulphonylureas and metformin are contraindicated
o Glucagon-like peptide receptor agonists are nof recommended in KF
« DPP-4 inhibitors (e.g., linagliptin 5 mg daily, sitagliptin af a reduced dose of 256 mg daily, alogliptin at a reduced dose of 6.25 mg daily, and saxagliptin af a reduced dose of 2.5 mg
daily) can be used
« Pioglitazone (dose 15 mg or 30 mg) can be used in advanced CKD
o SGLT2i are currently not licensed for the use in people on PD with diabetes.

Insulin regimen

« Exact insulin fitration, fiming, and doses should be individualized

« A multiple-daily-injection regime is preferred with; o Once daily long-acting (basal) analog insulin (e.g., insulin glargine, detemir degludec). These long-acting basal analog insulins
often preferred fo infermediate-acting isophane basal insulins if feasible
o Premeal short-acting analog insulin (e.g., insulin aspart, lispro, and glulisine)
o Consider 0.5 units/per kg as fofal starting dose with 50% of this dose as basal insulin and 50% of dose as prandial/bolus premeal insulin
In people on CAPD, adminisfer the basal insulin with timing depending on the start and duration of PD, hypoglycemia risk, or burden, ability fo monitor glucose, and access fo
technology to mitigate hypoglycemia burden. If on long-acting analog, night-time dosing depending on the timing of PD,
In people on APD, basal insulin can be adminisfered af night
Additional doses of short-acting insulin starting at 2 units can be given based on a corrective regimen if high glucose levels (>15 mmol/l/ 270 mg/dl) are noted after each exchange
during daytime, separafely to the usual meal-time insulin, with af least 4 hours gap in between short-acting insulin doses.
In persons in whom multiple daily injections is not feasible, a dose of premixed 70/30 or 75/25 insulin can be considered af the sfart of the PD exchange, with an additional dose in 12
hours if required, depending on the blood glucose level, fo cover the meal-related blood glucose excursions and additional basal insulin requirements

Route of insulin
o Only subcutaneous insulin administration is recommended
o Infraperitoneal insulin administration is not recommended

Hypoglycemia detection and management
« Prompt identification and treatment of hypoglycemia is crucial (Supplementary Maferial 2)
« Adequate patient education on detfection and management of hypoglycemia (hftps://www.diabefes.org.uk/guide-to-diabetes/complications/nypos/having-a-hypo)
« Seek advice from the diabefes team for a mulfidisciplinary input in management and prevention of hypoglycemia in high risk people on PD.

Changes fo dialysate prescription
Any changes to dialysate prescription with changes of glucose load should lead to changes of insulin prescription accordingly fo avoid hypoglycemia or increased glycaemic variability.Any
changes fo dialysate prescription with changes of glucose load should lead fo changes of insulin prescription accordingly fo avoid hypoglycemia or increased glycemic variability.
Insulin pumps
« Increased basal rates especially if on PD overnight, fo counter the increased glucose load.
« Adjustments fo insulin-to-carbohydrate ratios to avoid postprandial hyperglycemia.
o Any reduction in PD glucose load should lead to reduction in basal rates accordingly.

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; DPP-4, dipeptidyl peptidase-4; SGLT2i, Sodium glucose cotransporter-2 inhibitors; PD, peritoneal

dialysis.

be considered in these people because of the higher risk
of hypoglycemia.”” " As outlined in Figure 1, these
individuals may also have other risk factors for hypo-
glycemia in addition to KF, therefore supporting the
need for less stringent HbA | targets. The main goals of
treating diabetes in people on PD should be to maintain
euglycemia particularly during the dwell time, to
prevent postprandial hyperglycemia, and to avoid
hypoglycemia, although achieving all of these goals
may be challenging. Treatment considerations in
managing diabetes in people on PD are summarized
in Table 3.

For people on intermittently scanned or real-time
CGM systems, the time in range (TIR) target (3.9-10
mmol/l or 70—180 mg/dl) will depend on the age,
comorbidities, and the risk of hypoglycemia as
described in recent recommendations.”’
there is lack of consensus for the TIR targets in people
with PD because of insufficient evidence. In general,
for older people on PD with multiple comorbidities and
frailty with a high risk of hypoglycemia, a lower TIR
target of 50% to 70% is preferred, with a target
time <3.9 mmol/l (or <70 mg/dl) of below 1%. For
younger people with diabetes on PD, we recommend a
TIR target of 70% or above, with a time <3.9 mmol/l

However,

Kidney International Reports (2023) 8, 700-714

(or <70 mg/dl) of less than 4%. These more stringent
goals (TIR >70%) in our opinion should also be
considered in people with coexisting diabetes micro-
vascular complications such as retinopathy or those
being prepared for kidney transplantation who do not
have additional risk factors for severe hypoglycemia
(Table 2).

Oral Glucose-Lowering Therapies and Glucagon-Like
Peptide-1 Receptor Agonists

Options for oral glucose-lowering agents in people with
diabetes and advanced CKD are often limited (Table 3).
For those with KF, treatment options include dipep-
tidyl peptidase-4 inhibitors (or “gliptins”) and piogli-
tazone. A study involving 36 people with both diabetes
and nondiabetes (out of which 10 had type 2 diabetes),
and high triglycerides on PD demonstrated marked
improvement of parameters of dysmetabolism,
including fasting plasma glucose, markers of insulin
resistance and surrogate markers of inflammation,
whereas no significant changes in HbA,. was observed
after 12 weeks of pioglitazone treatment at 15 mg daily
dose.”" Although pioglitazone can be used in KF, in our
opinion, it may be less preferred because of known
adverse effects, including worsening of fluid retention,
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Figure 1. Individualizing HbA1c targets; factors to be taken into consideration in the person with diabetes on peritoneal dialysis. MI, myocardial

infarction.

higher risk of fractures, and diabetic macular edema.””

Sulphonylureas and metformin are contraindicated in
KF. Glucagon-like peptide-1 receptor agonists are also
not licensed for the use in KF. Dipeptidyl peptidase-4
inhibitors are not associated with an increased risk of
hypoglycemia. Linagliptin can be used at 5 mg dose
across a range of CKD stages, and other agents in the
dipeptidyl peptidase-4 inhibitors class can be used in
KF but with appropriate dose adjustments as per their
license.””

The glucose-lowering mechanism of the sodium-
glucose-transporter-2 inhibitors (SGLT-2i) depends on
the estimated glomerular filtration rate, and is therefore
limited in people with KE.”> Overall, glycemic benefit
of SGLT-2i is low in people with estimated glomerular
filtration rate <45 ml/min per 1.73 m® with no signif-
icant reduction of HbA,..”” However, cardiovascular
and kidney outcome trials have demonstrated benefits
of SGLT-2i for slowing the progression of CKD and
improving cardiovascular outcomes and all-cause
mortality even in those with advanced CKD stages,
irrespective of the presence or absence of diabetes.”""®
Whether these effects extend into dialysis populations
remains unclear. It has been suggested that there may
be a role for SGLT-2i in preserving residual kidney
function and protecting the peritoneal membrane
although this is yet to be rigorously studied.”

SGLT-2 receptors are also expressed on human
peritoneal mesothelial cells resulting in interest in a
potential use for SGLT-2i to reduce peritoneal glucose
absorption and thus maintain the osmotic gradient for
longer while reducing the additional metabolic load.
The 3-pore model dictates that glucose transport is
predominantly paracellular and the result of diffusion;
therefore the effect of blocking transport of glucose
into cells is likely to be minimal. Animal models have
produced conflicting results.””*" A study in humans is
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Insulin-Clinical Considerations When Using Insulin
Treatment in People With Diabetes on PD

Route of Administration. Intraperitoneally adminis-
tered insulin has previously been advocated to mitigate
the additional glucose load associated with PD.®’
However, multiple studies have reported adverse ef-
fects, including abnormal lipid profile, hepatic sub-
capsular steatosis, and increased risk of peritonitis.***°
Therefore, we recommend that insulin only be
administered via the subcutaneous route.

Insulin dose adjustments. It is well known that the
kidney plays an important role in the metabolism of
exogenous insulin, accounting for up to 80%, because it
is not subjected to first pass metabolism in the liver.”” As
the individual progresses to KF, they are more prone to
hypoglycemia because of reduced kidney clearance of
insulin. Considerations in managing insulin treatment for
people with diabetes on PD are summarized in Table 3.

Although some studies have suggested that addi-
tional insulin would be needed to account for increases
in dialysate glucose load,” there is sparse evidence to
guide recommendations on specific dose adjustments
and as discussed above, the impact of peritoneally-
absorbed glucose on glycemia varies between patients
and is dependent on multiple factors, including indi-
vidual membrane characteristics.”” We therefore sug-
gest that an adjustment in insulin dose should be
considered if dialysate glucose load is changed and
should be individualized.

Considering that evidence with regard to the insulin
dose adjustments in people on PD are sparse, the
following suggestions are based on the clinical opinions
and the evidence from non-PD populations.

Kidney International Reports (2023) 8, 700-714
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In our opinion, for insulin-treated people on PD, a
multiple-daily-injection regime with long-acting (basal)
analog insulin and meal-time short-acting insulin is
preferred if this is feasible and the person is agreeable
to such a regime. A study in 47 people with diabetes (4
had type 1 diabetes) on PD demonstrated a reduction in
mean HbA . of 0.74%, and 52% of the cohort achieved
HbAlc <7.5% after a 3-month intervention consisting
of an educational program combined with multiple
daily injections of analog basal and meal-time short-
acting insulin. Importantly, this improvement in
HbA,. was not associated with an increased risk of
hypoglycemia. Of note, most of the cohort (44 of 47)
were already on a multiple daily injections before being
enrolled in the intervention.”’ The authors reported
that they initiated multiple-daily-injection regime at
0.5 units of insulin per kg using 50% of dose as basal
insulin and 50% of dose as premeal bolus insulin with
titration of basal insulin every 3 days, aiming for
fasting glucose target between 5.5 to 7.2 mmol/l (100—
130 mg/dl). Once this fasting target was achieved,
premeal bolus insulin was titrated by 2 unit increments
to ensure 2-hour postmeal glucose levels were <10
mmol/] (<180 mg/dl).”

Multiple-daily-injection regime enables more flex-
ible dose adjustments to help mitigate glycemic vari-
ability related to glucose load in dialysate when
compared to twice daily premixed insulin regime and is
comparatively less likely to cause hypoglycemia.
Consideration should be given to when the peritoneal
glucose load is likely to be maximal. In our opinion,
giving basal insulin in the morning can help to mini-
mize the risk for night-time hypoglycemia in some
people. However, modern basal analog insulin provides
24 hours or longer cover and can be dosed at night. An
individualized approach based on characteristics such
as the type and timing of PD, type of insulins that is
available, hypoglycemia awareness, and technology to
mitigate this risk will guide this decision. For people on
APD, basal insulin at night time may be preferred.

The is no clinical data regarding the use of short-
acting insulin to correct hyperglycemia in PD. In our
opinion, for people on multiple-daily-injection regimes,
the use of ‘correction” doses of short-acting insulin (e.g.,
insulin aspart, insulin lispro), starting at 2 to 4 units can
be given at the start of dialysis if high blood glucose
levels (>15mmol/l or >270 mg/dl) are noted within 2 to
4 hours after each exchange. This dose of insulin can be
up-titrated if blood glucose levels do not improve and
remain raised. This would be distinct to the usual short-
acting insulin dose given with meals. There has to be a
gap of at least 4 hours in between each short-acting
insulin dose.”””' In the scenario where people are
eating meals at the time of exchange and are taking a
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premeal short-acting insulin dose, the above suggested
short-acting insulin dose (starting at 2—4 units) can be
added to the usual premeal short-acting insulin dose if
high glucose values are observed. This dose can then be
subsequently increased if required to further improve
glucose control.

If a multiple-daily-injection insulin regime is not
preferred, a premixed insulin regime such as 70/30 or
75/25 insulin can be considered, with the timing of
dosing overlapped to the start of the PD if glucose ex-
cursions are significant with exchange. This may be
suitable if degree of glucose excursions with PD is
greater than with food (meal) intake. In patients who
may require a further dose of premixed insulin (to cover
meal-related rise and background basal insulin re-
quirements) a 12-hour gap between doses is recom-
mended. An individualized approach is required for
insulin management in people on PD with advice, input,
and support of the diabetes multidisciplinary team.

The insulin dose adjustments for the PD-free rest
days need to be individualized. In our opinion, capil-
lary blood glucose should be monitored at least 3 times
daily premeals, and if the blood glucose is noted to
be <5 mmol/l (90 mg/dl), a specific PD-free day insulin
regime or dose change will need to be considered, often
with lower doses of insulin after discussion with dia-
betes or endocrine specialist team. The use of dipep-
tidyl peptidase-4 inhibitors or pioglitazone can be
continued without any dose adjustments on PD-free
days because they do not increase the risk of
hypoglycemia.

Any changes to the glucose concentration of the PD
prescription can lead to increased glycemic variability
or hypoglycemia, therefore should be discussed with
the diabetes team for the insulin dose to be correctly
adjusted, especially in people with multiple risk factors
for hypoglycemia or hypoglycemia unawareness. A
person on PD transferred to hemodialysis may require
insulin dose adjustments accordingly to prevent any
hypoglycemia because of sudden withdrawal of
glucose-containing PD regime.gg’92

Use of Continuous Subcutaneous Insulin Infusion. Our
literature search did not identify any clinical trials or
large case series of people with type 1 diabetes on PD
treated with continuous subcutaneous insulin infusion.
In general, increased basal rates especially overnight, to
counter the increased glucose load in people on APD, as
well as adjustments of insulin-to-carbohydrate ratios to
avoid postprandial hyperglycemia will be required.
Similarly, a reduction in basal rates or basal insulin
dose if on a multiple-daily-injection regime is required
after any reduction of the glucose concentration of the
dialysate, to avoid hypoglycemia. Closed loop systems
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may be a better way forward in optimizing diabetes
management in people with type 1 diabetes and KF. A
recent study demonstrated improved glycemic control
and reduced hypoglycemia with fully automated closed
loop system compared to standard insulin therapy in
people with diabetes on dialysis.”’ However, this study
included only 1 person on PD out of 27 total partici-
pants, indicating the need for further studies in this
cohort.

Hypoglycemia Management

People with diabetes having KF are at a higher risk of
developing hypoglycemia because of the reduced
clearance of insulin and other glucose-lowering medi-
cations, reduced gluconeogenesis in kidneys, and
overall blunting of counter-regulatory responses to
hypoglycemia.” Significant levels of hypoglycemia,
both symptomatic and asymptomatic, have been
recognized in hemodialysis cohorts. The burden of
hypoglycemia in PD cohorts may be less but the inci-
dence is poorly characterized.®”’

A retrospective study involving 60 people on PD on
a CGM system showed that 3 of 15 patients even with
HbA,. >75 mmol/mol (9%), experienced significant
hypoglycemia.”” Studies have shown an increased risk
of severe hypoglycemia in people with KF transitioning
to dialysis, and a higher risk has been observed with
people on hemodialysis compared to PD in the first year
after transitioning, as well as in people on insulin
compared to noninsulin treatment.”” A recent clinical
audit carried out in 3 large hospitals in the United
Kingdom found that 15% of people with diabetes on
PD have impaired hypoglycemia awareness, and self-
reported hypoglycemic events at least once a month
were reported in 21%.”° Noninsulin therapies such as
dipeptidyl peptidase-4 inhibitors or pioglitazone are
not known to be associated with hypoglycemia when
used on their own. Currently, there is no clinical data
or studies that have compared hypoglycemia burden
with different types of dialysates or different dialysis
modalities such as APD versus CAPD.

People with diabetes on PD treated with insulin
require education on avoiding hypoglycemia and
management of hypoglycemia should this occur.
Supplementary Material 2 summarizes the initial man-
agement of hypoglycemia.'”’

Objective assessment of hypoglycemia awareness by
clinicians, using validated questionnaires such as Gold
and Clarke (please see Supplementary Material 3)"*”
should be performed in people on insulin who are on
PD. It is crucial for the treating team to be aware of the
local or national guidance on initial hypoglycemia
management and advice from local diabetes team
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should be sought if the hypoglycemia is either difficult
to manage or recurrent. The precipitating factors for
the hypoglycemia should be identified and corrected.
An example of a patient education leaflet on hypogly-
cemia from diabetes.org.uk can be accessed on https://
www.diabetes.org.uk/guide-to-diabetes/complications/
hypos/having-a-hypo.

We suggest regular reinforcement of this advice and
guidance by the diabetes multidisciplinary team. Peo-
ple with diabetes on PD should be advised to keep
appropriate treatment for hypoglycemia with them at
all times should they require treatment.

Diet and Lifestyle Modifications in People With
Diabetes on PD

The treating clinicians should be aware that dietary
management for type 1 diabetes and type 2 diabetes are
different and this must be considered when giving
dietary advice to these people."'*”'”" In people on PD,
current guidelines recommend a minimum dietary
protein intake of 1.0 to 1.2 g/kg/d, matched to the ideal
body weight to account for the protein losses during
dialysis and for maintenance of a good nutritional
status.”"'**'”” The recommended energy requirement
for people on PD is less than that of people on hemo-
dialysis to account for the calories provided through
PD solutions and is usually 30 to 35 kcal/kg body
weight.''?

One needs to consider several potential limitations
while discussing exercise with people having KF. These
include decreased aerobic capacity, slow gait speed,
and reduced strength of lower limbs.'”" In contrast to
people on hemodialysis, there is limited data on the
impact of exercise in people on PD. In general, aerobic
exercise as tolerated including walking, swimming at
well-maintained facilities, with care taken to protect
the PD catheter, as well as core strength training ex-
ercises are recommended. However, activities that may
increase the intra-abdominal pressure should be
delayed for 2 to 6 weeks after PD catheter insertion,
depending on the technique of insertion.'”” An indi-
vidualized approach to lifestyle modification is advised
considering comorbidities, as well as background dia-
betes treatment such as insulin and patient preferences.

Impact of Adjusting Dialysate Prescription on
Diabetes Control

The role of adjusting the dialysate prescription to
improve glycemic control continues to be debated.
There is no strong evidence to support one PD modality
over another (APD versus CAPD), with regard to
improving glycemic control.

Kidney International Reports (2023) 8, 700-714
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Glucose-based solutions remain the most widely
used. Alternative osmotic agents have been explored to
circumvent some of the drawbacks of traditional
glucose-based solutions. Osmosis can also be induced
with colloidal agents. Icodextrin, the most used
colloidal agent, is a mixture of starch-derived high
molecular weight (1638—4500 kDa) glucose polymers,
with a structure similar to that of glycogen. Icodextrin,
unlike glucose, has a mnet reflection coefficient
approaching 1 and therefore provides an almost con-
stant colloid osmotic pressure, which can sustain ul-
trafiltration for up to 16 hours even in high
transporters. Icodextrin is currently only licensed for a
single exchange daily and because of its sustained ul-
trafiltration properties, it is best suited to the long
exchange.

The other commercially available nonglucose-based
dialysate contains a 1.1% solution of amino acids. This
solution provides similar ultrafiltration potential to
1.36% glucose-based dialysate but has the advantage
of no exposure to absorbed glucose or glucose degra-
dation products. Its main role is in enhancing nutri-
tion in hypoalbuminemic patients but its use is limited
to a single daily exchange because of concerns
regarding the potential for symptomatic uremia and
acidosis.'”

The combined results of 2 large, multinational,
interventional studies in people with diabetes on PD
demonstrated the potential systemic benefits of
reduced dialysate glucose exposure.'””'” During a 6-
month study period, participants were randomized to
treatment with either a glucose-sparing regime (using
icodextrin and amino acid-based dialysate for 2 of the
daily exchanges) or standard all-glucose-based dialy-
sate.'®” In an intention to treat analysis, HbA,. fell in
the intervention group but remained unchanged in the
control group (0.5% difference between groups, 95%
confidence interval 0.1% to 0.8%, P = 0.006).'"” The
mean HbAlc separation between the 2 groups was
observed as early as 3 months and persisted to the 6-
month study end-point. This corresponded with a
reduction in very low-density lipoprotein cholesterol
and serum triglycerides in the intervention group.
However, this glucose minimizing approach appeared
to compromise good fluid balance because the study
reported more adverse events, especially uncontrolled

hypertension and heart failure, in the intervention
107

group.

The results of a recent systematic review and meta-
analysis, enriched with previously unpublished data
do not support the use of a single daily icodextrin
exchange alone as a strategy for improving glycemic

control.'” This analysis of 19 randomized control trials
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included people both with and without diabetes and
compared icodextrin for the long dwell versus glucose
only solutions. The study, which reported no differ-
ence in fasting plasma glucose or HbA,. between
groups despite a reduction in glucose exposure and
absorption equivalent to 45 g per day, however showed
an overall reduced mortality rate in the icodextrin
group, possibly because of improved fluid balance.
This review and the preceding Cochrane review report
significantly lower rates of uncontrolled fluid overload
in the group prescribed a daily icodextrin exchange.'"’

Icodextrin in combination with an amino acid so-
lution as part of a glucose minimizing regime can result
in improved glycemic control.'"””'” In people on PD
having diabetes, it is reasonable to use icodextrin for
the long exchange with the aim of reduced glucose
exposure and improved ultrafiltration.'” There are
several glucose-sparing osmotic agents such as taurine,
polyglycerol, carnitine, and xylitol that are currently
in the preclinical research stage.''' Their impact on
glycemic control is yet to be determined.

Areas for Future Research

Research evidence to guide and inform the manage-
ment of glycemia in people with diabetes on PD is
limited. Our literature search and narrative review
highlight several key areas to for future research. These
include:

1. Need for studies to evaluate the efficacy of different
insulin types and insulin regimes in people with
diabetes on PD.

2. Further studies assessing the clinical utility and
benefits of CGM and their related metrics such as
time in range and glycemic variability to guide in-
sulin management.

3. Research to evaluate if there are clinically relevant
differences on glycemic indices between APD and
CAPD

4. The impact of different dialysates on glycemic
control in people with diabetes on PD

Conclusion

A significant proportion of people with diabetes and KF
are on PD across the world. There is a dearth of high
quality research studies focused on optimizing diabetes
care and control in people with diabetes on PD. There
is an urgent need for such studies to inform clinical
practice. Considering that PD can have a significant
impact on glycemic control, for monitoring of glucose
and treatment choices, a collaborative management
approach between different health care professionals is
required. We hope this review and the practice points
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will help guide clinicians and improve care of people
with diabetes receiving PD.
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