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Learning outcomes

After reading this paper the reader will be able to

1. Demonstrate an understanding of the management 
of dialysis patients with diabetes

2. Gain knowledge and understanding of changes in the 
dosing of insulin needed for patients receiving dialy-
sis

3. Gain knowledge and understanding of the complica-
tions of diabetes 

4. Understand how guidelines can be used in practice.

Introduction 

There are about 60 million people with diabetes in the Eu-
ropean Region -10.3% men and 9.6% women aged 25 years 
and over1 - almost 3.6 million people in the UK alone with ap-
proximately 90% of those having Type 2 diabetes2, and a fur-
ther 5 million at risk of developing diabetes. In the USA 14.3% 
of the population have been diagnosed with diabetes – again, 
over 90% of these people have Type 2 diabetes3.

In the UK the prevalence has been estimated using a 
Diabetes Prevalence Model 20164 and 2012 APHO Diabetes 
Prevalence Model, which has estimated 4.5 million people with 
diabetes in the UK5. This includes one million people with Type 
2 diabetes who don’t know they have it because they haven’t 
been diagnosed.

The European Renal Association - European Dialysis and 
Transplant Association Registry Annual Report6(2014) showed 
70,953 individuals commenced Renal Replacement Therapy 
(RRT) equating to an overall unadjusted incidence rate of 133 
per million population (pmp). Of the patients commencing RRT, 
almost two-thirds were men, over half were aged ≥65 years 
and a quarter had diabetes mellitus as their primary renal diag-
nosis. The highest prevalence for Type I being 29.4% in Croa-
tia and Type 2 34.8% in Cyprus. The UK renal registry report7 
shows that diabetic renal disease remained the single most 
common cause of renal failure (26.9%). Thus the number of 
people with diabetes requiring RRT is increasing 

Prevalence of diabetes is increasing among all ages in the 
European Region, due to both non-modifiable and modifiable 
risk factors1.

Non Modifiable Risk factors

•	 Ethnicity: Type 2 diabetes is up to six times more 
common in people of South Asian descent and up 
to three times more common among those of African 
and African-Caribbean origin.

•	 Age: The older a person is, the greater their risk of 
diabetes. 

•	 Gestational diabetes: Women who have had gesta-
tional diabetes (GDM) have an increased risk of de-
veloping Type 2 diabetes in later years. GDM is also 
associated with increased risk of obesity and abnor-
mal glucose metabolism during childhood and adult 
life in the offspring.

•	 People with a family history of Type 2 diabetes are at 
greatly increased risk of developing the disease.

Modifiable Risk Factors

•	 Diet and Physical inactivity; eating high levels of re-
fines carbohydrates and saturated fat, as well as not 
enough fruits and vegetables contribute to weight 
gain

•	 Overweight and obesity (BMI >25kg/m2) have esti-
mated to account for up to 80% of new cases of Type 
2 diabetes

•	 Low birthweight is associated with increased risk of 
developing Type 2 diabetes

•	 Socioeconomic disadvantage contributes to the de-
velopment of diabetes and its complications through 
inequitable access to quality treatment and environ-
ment conditions that promote unhealthy choices

Complications of diabetes

If diabetes is not managed correctly, there is a greater 
risk of complications - 50% of people with diabetes die of car-
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diovascular disease (primarily heart disease and stroke),and 
10-20% of people with diabetes die of kidney failure8 (WHO, 
2016), figures supported by other studies 8,9,10   all who highlight 
the high risk of vascular disease for Type 2 patients, an inde-
pendent risk factor for renal disease. 

Diabetic retinopathy can lead to blindness or visual impair-
ment, whilst diabetic neuropathy affects up to 50% of people 
with diabetes, resulting in poor wound healing, foot ulcers and 
amputation. 

Risk factors for CKD - such as diabetes and obesity and 
are on the increase7 with Diabetic Kidney Disease being an 
independent risk factor for CHD, currently the biggest cause of 
mortality in patients with diabetes11

Diabetes is the most common systemic disease of those 
undergoing dialysis (26% of patients had primary diagnosis of 
diabetes, with the total percentage of those on dialysis and 
have diabetes standing at 54%). Because of poor glycaemic 
control and hypertension over a period of time. There is a dual 
relationship between CKD, Ischaemic Heart Disease (IHD) 
and Peripheral Vascular Disease (PVD). Diabetes alone in-
creases the risk of developing CKD stages 3b-5 by up to 12 
times in men and 8 times in women.

Patients with diabetes are more likely to receive Renal Re-
placement Therapy (RRT) and have less survival time com-
pared with the general population7 considering there is a high-
er incidence of RRT in those patients under the age of 65 with 
diabetes, the financial and emotional impact on the working 
population is highest in those with diabetes.

Complications of Diabetes can be divided into two main 
groups: Microvascular (small vessels) and Macrovascular 
(large vessels) See table 1.

Table 1 Complications of Diabetes 

Microvascular Macrovascular

Diabetic kidney disease
Diabetic neuropathy
Diabetic retinopathy
Proposed pathological mecha-
nisms include:

•	 Damage as a result 
of increased osmotic 
stress caused by sor-
bitol accumulation

•	 Injury to cells by 
glycoproteins

•	 Cellular injury due to 
oxidative stress

•	 Involvement of growth 
factors, including 
vascular endothelial 
growth factor (VEGF), 
growth hormone, and 
transforming growth 
factor β

•	 Injury due to polyol ac-
cumulation

•	 Injury from advanced 
glycosylated end 
products (AGEs)

Coronary artery disease
Peripheral arterial disease
Stroke
Proposed pathological mecha-
nisms include:

•	 Atherosclerosis 
•	 vascular infarction
•	 Increased platelet 

adhesion and hyper-
coagulability in type 2 
diabetes

•	 Increased risk of 
vascular occlusion 
and cardiovascular 
events

HbA1C and other targets

Haemoglobin A1c (HbA1c) is a blood test which measures 
circulating haemaglobin and glucose over a normal 120 day 
cycle. The measurement of HbA1c is reflective of the exposure 
of haemaglobin (Hb) to glucose, but results can be affected by 
temperature, pH, red cell turnover, Hb concentration, glucose 
concentration and length of exposure to glucose12.

The actual value of the HbA1c level comprises 3 main 
strands13

•	 The amount of haemoglobin found in reticulocytes 
when they leave the bone marrow

•	 The rate of Hb glycation as the red cells age. This is 
a specific function of the amount of glucose that Hb 
is subjected to

•	 The average age of the red cell.

HbA1c and anaemia 

The Red Blood Cell (RBC) lifespan is shortened if patients 
are anaemic. Those with Chronic Kidney Disease have a short-
ened erythrocyte survival, irrespective of being anaemic and/
or a decreased erythrocyte age, which will lead to falsely lower 
HbA1c results, (regardless of which assay method is used). It 
is suggested that testing using glycated serum protein or gly-
cated albumin should be considered for those patients whose 
HbA1c as a marker of long-term glycaemic control14.

Treatment with ESA and Intravenous Iron & effect on 
HbA1c

Intravenous iron and ESA are routinely used in the man-
agement of anaemia for patients receiving haemodialysis.

Iron deficiency anaemia, is associated with higher HbA1c 
and higher fructosamine. Consistent with these observations, 
iron replacement therapy lowers both HbA1c and fructosa-
mine concentrations in diabetic and non-diabetic individuals. 
Reported changes in A1C following these treatments are in-
dependent of changes in glycemic control; therefore, caution 
is warranted in the interpretation of A1C and management of 
glycaemia when based on this measurement alone.

Alternative measures of glycemic assessment (e.g. glu-
cose monitoring) should be used in the presence of significant 
iron deficiency anaemia, at least until the iron deficiency has 
been successfully treated.

In HD patients with diabetes the assessment of gly-
cemic control using HbA(1c) might lead to underestima-
tion as a result of the increasing proportion of young 
erythrocytes being produced by the use of erythropoi-
etin plus / minus intravenous iron therapy 15. One study16 
reports iron and ESA treatments result in a fall in A1C. 
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Effect of dialysis on glucose and insulin

The concentration of glucose and insulin can be affected 
by the dialysis procedure itself. Changes in glucose will vary 
with the concentration of glucose (dextrose) in the dialysate 
to which the patient’s blood is indirectly exposed. Glucose will 
transfer to the dialysate according to its concentration gradient.

Although CKD is described as an Insulin Resistant State17 
hypoglycaemia is a major risk for those patients with diabetes 
having haemodialysis – particularly those taking drugs which 
increase the production of insulin. 

The risk of hypoglycaemic episodes are often more difficult 
to predict - the drug clearance is variable as eGFR declines 
and is particularly relevant to those receiving dialysis18 as it will 
lengthen the half- life of these drugs.

The process of haemodialysis also has a number of effects 
on glycaemic control:

•	 Dialysis clears a number of glucoregulatory hor-
mones, including insulin,C-peptide and glucagon

•	 Dialysis affects insulin secretion, clearance and resis-
tance, as the result of periodic improvement in urae-
mia, acidosis and phosphate met abolism

•	 Glucose concentration in the dialysate may influence 
glucose control, with lower glucose dialysates being 
associated with hypoglycaemia

•	 Changes in glucose will vary with the concentration 
of glucose (dextrose) in the dialysis fluid, to which the 
patient’s blood is indirectly exposed

•	 Blood glucose tends to fall during a haemodialysis 
session, with the most common lowest point being 
during the third hour

•	 Dialysis may affect the clearance of anti-diabetic ther-
apy such as insulin

•	  Plasma insulin levels also are decreased during the 
hemodialysis due to clearance by dialysis 

•	 Glucose control on dialysis days may be very differ-
ent to that on non-dialysis days, leading to unpredict-
able glucose levels, and glycaemic variability.

The symptoms of hypoglycaemia can often be confused 
with hypotension, particularly during dialysis, and therefore pa-
tients in the renal unit should be monitored regularly during 
dialysis as well patients being counseled and advised on the 
risk of hypoglycaemia17. Suggested frequency would be pre 
and post dialysis and any time during if hypoglycaemia is sus-
pected.

Glycaemic control and haemodialysis – what the guide-
lines say 

The role of glycaemic control and HbA1c values in patients 
with diabetes is controversial as the optimal level of HbA1c to 
prevent the progression of ESRD in diabetics is uncertain19. 
As with most other complications, a target HbA1c of <6.50% 

(48mmol) is associated with reduced progression of ESRD in 
all patients (Won Oh et al, 2011, UKPDS, 1997) – but this may 
not apply to those with established co-morbidities11.

For people with established renal disease, treatment tar-
gets should aim for an HbA1c between 58-68mmol, because 
of the higher risk of hypoglycaemia17– especially in those pa-
tients with poor nutrition, low albumin and low BMI. 

It would be up to the individual practitioner, with the patient, 
to agree goals and treatment plans not necessarily based on 
HbA1c results, but long term outcomes and risk of hypoglycae-
mia10,17.  ‘Optimal’ treatment should include a pragmatic assess-
ment of HbA1c, cost of treatments and patient choice. JBDS16 
(2016) recommend a target HbA1c between 58-68mmol but if 
the patient is on a hypoglycaemia inducing treatment - a reduc-
tion in treatment should be considered for patients with HbA1c 
<58 mmol, particularly those on treatments associated with 
increased risk of hypoglycaemia i.e. sulphonylureas or insulin

In patients on active treatment of diabetes with insulin, 
where there is a pre-dialysis glucose of <7 mmol/L, 20–30 g 
of a low glycaemic index carbohydrate is recommended at the 
beginning of the haemodialysis session to prevent further de-
cline of blood glucose level16. The timing of dialysis sessions 
may not always enable this to happen and staff ought to be 
aware that patients may require snacks during dialysis. 

Patients with gastroparesis are encouraged to have a small 
meal size but frequent intake. A low-fat and low-fibre meal is 
recommended to manage gastroparesis.17

The KDOQI Diabetes Guidelines20 (2012) recommend a 
target of 53mmol  to prevent or delay progression of micro-
vascular complications, but again lowering HbA1C levels 
<53mmol is not recommended in patients who are at risk of  
hypoglycaemia. For those receiving dialysis HbA1C levels of 
~ 7-9% are recommended as associated with better outcomes 
for survival, hospitalisation and cardiovascular risk. 

Adjusting Oral Anti-Glycaemic therapy

Patients commencing haemodialysis are likely to need in-
creased monitoring due to the dialysis procedure itself having 
an effect on glycaemic control and the accumulation of certain 
drugs and their metabolites. Tailored dosing will be required 
depending on the presence of any residual renal function. In 
some cases patients may stop oral anti-glycaemic therapy all 
together. 

Table 2 shows a summary of oral anti hyperglycaemics 
dosing in relation to eGFR and relevant for those receiving 
dialysis. When a patient commences haemodialysis itis impor-
tant to review which drug/dose is currently being prescribed. 
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Table 2 : Oral Anti-hyperglycaemics21

Medication Group Drugs in this cat-
egory

Instructions in renal impairment

Biguanides A Not recommended for those on dialysis

Sulphonylureas Gliclazide
Glimepiride
Glipizide
Gliblenclamide
Tolbutamide

Not recommended for those on dialysis

Alpha glucoside antago-
nist

Acarbose Not recommended for those on dialysis

Thiazolidinedione, Pioglitazone Not recommended for those on dialysis, and may increase 
oedema.

DPP4 inhibitors Linagliptin
Alogliptin
Sitagliptin 
Saxagliptin
Vildagliptin

Linagliptin requires no dose reduction

The following are not recommended for those on dialysis- 
may be used with caution on individual patient basis
Alogliptin –reduce to 6.25mg  
Sitagliptin – reduce to 25mg
Saxaglitpin – reduce dose to 2.5mg 
Vildagliptin – reduce dose to 50mg 

GLP-1 receptor agonists/
mimetics

Not recommended for those on dialysis

Sodium glucose co-trans-
porter 2 inhibitors  (SGLT-
2)

Dapagliflozin
Canagligozin
Empagliflozin)

Not recommended for those on dialysis

Short-acting oral insulin 
secretagogues 

Nateglinide 
Repaglinide: 

GFR<30ml/min – (Stages G4 & G5) – use with caution and 
initiate small starting. 
↑risk of hypoglycaemia patients should monitor blood 
glucose frequently

 

Adjusting insulin

Although the contribution of reduced renal function to the 
risk of hypoglycemia is difficult to quantify, it is known that about 
one-third of insulin degradation is carried out by the kidneys. 
Therefore any impairment of kidney function is associated with 
the prolonged half-life of insulin

As with some of the medication groups, the risk of hypo-
glycemia is increased in patients with substantial decreases 
in eGFR (CKD stages 4 and 5) for the same reasons. Patients 
with Type 1 diabetes receiving insulin who have significant rise 
in Creatinine have a 5-fold increase in the frequency of severe 
hypoglycaemia 

Therefore, it is imperative that patients being treated in-
tensively monitor their glucose levels closely and reduce their 
doses of medicine as needed to avoid hypoglycemia. Patients 
commencing dialysis should be informed that their insulin regi-
mens may need to change because of the reduction in kidney 
function and the impact dialysis itself.

Table 3 illustrates common insulin used and potential dose 
reductions required on dialysis days 
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Table 3 Insulin Groups and Adjustments for haemodialysis 

Insulin Group Time of onset Peak Duration Renal Advice (JBDS, 2016)
Intermediate (Human or Ani-
mal) Isophane
Given OD or BD

1-2hrs 6-8hrs 16-22hrs
Reduce dose by 25% on the morn-
ing of dialysis

Short Acting (Human or Ani-
mal) Soluble
Given 30-45 mins prior to a 
meal

45 – 75 min-
utes

2-3hrs 6-8hrs
If am dialysis reduce breakfast 
dose by 10-15%
If pm dialysis reduce lunchtime 
dose by 10-15%
If evening dialysis reduce evening 
insulin by 10-15%

Human or Animal Mixed Insulin
Given BD 30- 45 mins before 
meal

45 – 75 min-
utes

2-4hrs 16-22hrs
If am or pm dialysis reduce break-
fast dose by 10-15%
If evening dialysis reduce evening 
dose by 10-15%

Long Acting (Analogue) basal 
insulin
Once or twice daily

Continuous Little or no peak 16 - 36hrs
Reduce dose by 25% on the morn-
ing of dialysis

Rapid Acting Analogue
With meals 5-15minutes 1.5 - 2hrs 4-5hrs

If am dialysis reduce breakfast 
dose by 10-15%
If pm dialysis reduce lunchtime 
dose by 10-15%
If evening dialysis reduce evening 
insulin by 10-15%

Mixed Analogue Insulin

With meals
5-15minutes 1.5 - 2hrs 12-16hrs

If am or pm dialysis reduce break-
fast dose by 10-15%
If evening dialysis reduce evening 
dose by 10-15%

 (Adapted from SPC information – Novo Nordisk, Sanofi, Lilly) 22

Considerations for patients receiving dialysis include

•	 Possible reduction of insulin doses during and immediately following dialysis (i.e. on the dialysis day), although advice 
should be individualised ideally on the basis of Continuous Glucose Monitoring (CGM) data

•	 Encourage self-monitoring of  Blood glucose on dialysis and non-dialysis days

•	 Education on adjusting  insulin doses to avoid hypoglycaemia – different insulin’s work in different ways so the diabetes 
team should be involved with patients who are on dialysis and need support in managing their doses

•	 Those with type 2 DM may experience frequent hypoglycaemic episodes resulting in a temporary or permanent cessa-
tion of their anti-diabetic therapies

•	 Maintain annual checks ( Table 4)

•	 Joint working between disciplines ( diabetes/renal)

Table 4 summarizes healthcare checks and gives self-management information for patients with diabetes 
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Table 4: Annual Checks – Looking after Patients with Diabetes23

Diabetes UK ’15 Healthcare Essentials’ Self-Management and Renal Notes

Get your blood glucose levels measured 
(HbA1c blood test)

Blood glucose control: explain that good glycaemic control reduces the risk 
of development and progression of CKD

Have your blood pressure measured BP control: explain that reducing raised BP is a key factor in preventing the 
progression of CKD
BP monitoring: advise patients to monitor their own BP at home

Have your blood fats measured Ensure GP (or PN) carries out an Annual Review to monitor 
Have your eyes screened for signs of retinopa-
thy

Attend yearly eye screening appointment

Have your feet and legs checked Checked at Annual Review. Check feet every day – not what’s normal and 
what isn’t

Have your kidney function monitored Either by GP or Renal Team
Get ongoing, individual dietary advice Diet: avoid processed, high-salt and high-fat foods 

Lifestyle modification: taking exercise and keeping to an ideal weight.
Get emotional and psychological support
Be offered a local education course Update on managing diabetes
See specialist healthcare professionals Medicines management:

Give advice on over-the-counter medicines to avoid due to impact on renal 
function (particularly NSAIDs)
Patients should be advised to tell their pharmacist that they have CKD

Get a free flu vaccination Given by renal unit if on dialysis, or by GP
Receive high-quality care if admitted to hospital
Have the chance to talk about any sexual 
problems
If you smoke, get support to quit Smoking cessation is paramount
Get information and specialist care if you are 
planning to have a baby

Summary 

•	 Around 70% of patients will require less insulin as their kidney function declines - the degradation and clearance of insulin 
is through the kidneys, impairment of the two pathways (glomerular filtration and diffusion of insulin from the peritubular 
cells) involved prolongs the half-life of circulating insulin 

•	 Around 25% may stop insulin completely

•	 Action profiles are generally prolonged and less predictable

•	 Avoid longer-acting analogues unless there are no issues

•	 Some suggest TDS pre-mix regimens are better tolerated

•	 Mean glucose is lower on dialysis days

•	 Frequent monitoring is advised

•	 Haemodialysis affects glycaemic control

•	 Pharmacokinetics of insulin & oral agents affected
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 What can we do in Practice to make a difference? 

Focus on foot checks in dialysis units

Patients with diabetes have a much higher risk of foot ulceration, with this risk increasing if the patient’s diabetes is poor con-
trolled24.

Poorly controlled diabetes (hyperglycaemia) contributes to these through complex metabolic pathways over a period of time, 
when hyperglycaemia destroys the collagen in blood vessels, and ultimately forms plaque within the blood vessels, which leads to:

•	 Peripheral Neuropathy – loss of sensation or increased sensation. 

•	 Peripheral Vascular Disease – calcification of arteries in the leg

In patients with end-stage renal failure, both of these complications will be present, as well as susceptibility to infection (due 
to uraemia), anaemia (which will impact on tissue oxygenation and wound healing), and reduced mobility reducing the ability to 
perform self-care or foot check.

Therefore, any patient with diabetes even if they have good diabetes control and no obvious problems, should still check their 
feet daily and be regarded as a ‘low’ risk. It should be part of a routine assessment on the renal unit to check patients feet not only 
to risk assess, but also to educate patients.  It is a great opportunity when the patient attends for dialysis for the nursing staff to 
also check their feet and discuss any issues they may have with foot care. Renal units often work closely with local podiatry teams 
and are able to make direct referrals. 

The international diabetes federation have a pocket chart available for health care professionals to identify, assess and treat 
patients earlier in the ‘window of presentation’ between when neuropathy is diagnosed and prior to developing an ulcer25. This 
guide is derived from the IDF clinical practice Recommendations on the Diabetic foot26

Summary

Managing people with diabetes on dialysis is complex. Regular reviews of insulin doses and considerations for adjustments to 
oral glycaemics are required as residual kidney function declines. 

Diabetes experts should continue to be involved in their care even though they are receiving dialysis three times a week. 
Collaborative working with renal and diabetes teams is essential for positive patient outcomes. 

Questions
1. What assessments would you need to do when a new patient with diabetes commences dialysis?

2. How often would you measure the blood glucose on dialysis?

3. What factors influence administration of insulin for dialysis patients?

4. What are the effects of dialysis on glucose and insulin? 

5. What are the microvascular and macrovascular complications of diabetes?

6. What are the annual checks a person with diabetes should have?
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