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Abstract

Background: Hemodialysis improves insulin sensitivity. Currently, there is no recommendation for the adjustment of insulin
dose on dialysis day and nondialysis day in diabetic patients. This study was undertaken to determine the variations in insulin
requirement based on blood glucose levels on dialysis days and nondialysis days in type 2 diabetic patients with chronic kidney
disease on maintenance hemodialysis. Methodology: Twenty-eight diabetic patients on hemodialysis were recruited into the
study after obtaining written informed consent and approval from Azeezia Ethics Committee. Capillary blood glucose levels, just
before dialysis and 2 h after dialysis, were checked and compared with fasting and postprandial glucose levels on—off dialysis
days. Results: Mean age of the patients was 59.5 (+2.3) years. The average duration of dialysis was 20.2 months. There was
significant (35.8%) decrease in blood glucose levels 2 h after dialysis in comparison to predialysis levels (from mean level
of 258-165 mg/dl). The decrease in the blood glucose levels from predialysis level to 2 h postdialysis level was statistically
significant (P < 0.001). Both sets of data showed “strong” positive correlation with r = 0.657 and 0.849. The blood glucose levels
on the day of dialysis were significantly lower than the off-day values. Conclusions: Diabetic patients with end-stage renal
disease on hemodialysis have lower capillary blood glucose levels postdialysis. This has to be addressed clinically to prevent
hypoglycemic episodes by reducing exogenous insulin administration on the day of dialysis.
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INTRODUCTION

Glycemic control is a tedious task in patients undergoing
hemodialysis. Hemodialysis improves insulin sensitivity and
insulin clearance." This compounds the insulin requirement
estimation in patients with end-stage renal disease
undergoing maintenance hemodialysis. Insulin resistance
is a representative feature of type 2 diabetes.” Insulin
resistance and reduced clearance of insulin are factors that
lead to changes in glycemic levels.” There is evidence that
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higher levels of hemoglobin A _lead to higher death rates
in patients with diabetes and chronic kidney disease. There
are reports stating repeated episodes of hypoglycemia
can lead to impairment of homeostatic mechanisms with
the potential to develop hypoglycemia unawareness.” If
administered insulin is not altered, these patients are at
greater risk of acute metabolic complications.®l Diabetic
patients on hemodialysis may need lesser doses of insulin
after dialysis treatments than they do on days when they do
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not have dialysis.”’ If they continue to take the same dose
of insulin after dialysis, they could have a greater chance
of hypoglycemia. Currently, there is no recommendation
for the adjustment of insulin dose on dialysis day and
nondialysis day in diabetic patients. Exogenous insulin
requirements may vary in pre- and post-dialysis days."
Effects of dialysis on insulin requirement are not certain.

To evaluate day-to-day variations of insulin requirement in
type 2 diabetic patients, undergoing hemodialysis is a complex
task. Blood glucose levels alter with patient calorie intake and
expenditure. To complicate this, there will be heightened
sensitivity to circulating insulin, lesser insulin clearance, and
alteration in glucose level due to the use of dialysate with
or without glucose. A normal plasma glucose level but high
hemoglobin A, levels at predialysis in diabetic patients is
often noted."! Abe ¢# al. have analyzed fasting plasma glucose
and immunoreactive insulin levels at arterial and venous
sites at 3 time points (predialysis, 2 and 4 h after starting
dialysis) in 16 hemodialysis patients. They noted decreased
plasma glucose and immunoreactive levels in venous site in
comparison to arterial site. This suggests that hemodialysis
leads to lower plasma glucose and immunoreactive
insulin levels. Comparison between hemodialysis and
nonhemodialysis days revealed that the plasma glucose
levels decteased significantly during hemodialysis.'""! The
study evaluated plasma glucose and immunoreactive insulin
3 times on every hemodialysis day. This adds significantly
to the cost of the study. Same researchers advised caution
in selecting dialysate for hemodialysis in diabetic patients.!"”
Kazempour-Ardebili ¢ a/. have done continuous glucose
monitoring in 17 patients undergoing hemodialysis. They
found significantly higher glucose profiles on the day off
dialysis than the day on dialysis." To complicate the scenario,
the validity of the hemoglobin A, . measurement in patients
undergoing hemodialysis depends on the methodology
used for estimation."""”! Factors influencing its levels may
be altered life span of red blood cells and other mechanical
factors such as carbamylated hemoglobin, and acetylated

hemoglobin may play a role in varied levels of hemoglobin
A 61
1c

The objective of this study was to determine the variations in
insulin requirement based on blood glucose levels on-dialysis
days and nondialysis days in type 2 diabetic patients with
chronic kidney disease on maintenance hemodialysis.
Based on blood glucose levels, the alterations in dose of
exogenously administered insulin can be recommended.

METHODOLOGY

After obtaining the clearance from Azeezia Ethics
Committee, thirty type 2 diabetic patients meeting the
inclusion criteria were recruited into the study.

Inclusion criteria

Patients who were diagnosed of type 2 diabetes mellitus,
with established kidney failure defined as glomerular
filtration rate <15 mL/min/1.73 m? and on permanent
renal replacement therapy, i.e. hemodialysis (4-5 h 3 times
weekly) at least for 3 months from the date of beginning
of the study were included in the study.

Exclusion criteria

Patients with type 1 diabetes; those who have current acute
illness; those who are <90 days from the initial dialysis;
those taking drugs that can modify glucose metabolism,
excluding insulin and other oral antidiabetes drugs; and
those who are pregnant, those who are of age <19 years,
hospital admission in the previous 2 months, and a
diagnosis of diabetes for <1 year were excluded from the
study.

Detailed personal data of patients were collected
which includes age, sex, body mass index, age at which
diabetes was diagnosed, duration of diabetes, duration of
hemodialysis (months), list of currently used drugs, type,
and dose of insulin administered.

Blood glucose level was estimated by capillary blood
samples. Blood samples were always collected by the same
person in dialysis unit. This procedure minimized user
dependent preanalytical bias. The area of blood sampling
was disinfected before pricking, and the first drop of blood
was removed with a sterile swab. All the measurements
were carried out with one single subsequent drop of blood
from the same area. The drop of blood was applied to
the strips of device DiabeCHECKY that uses the glucose
dehydrogenase method and was used as the reference
method in this study.

Blood glucose estimation

Capillary blood glucose estimations were done for 4 weeks
comprising three dialysis days and three nondialysis days
every week. On dialysis days, estimations were done
just before dialysis and 2 h after dialysis. On nondialysis
days, estimations were done at fasting (before breakfast),
postprandial (120 min after breakfast). A total of 24
readings were noted from each patient at the end of
4 weeks of study.

Statistical analysis

Demographic, biochemical data were expressed as
mean T standard deviation and as percentages. Chi-square
and independent #tests were used to compare the blood
glucose of dialysis days with nondialysis days. Pearson’s
correlation coefficient was calculated to assess the
strength of the relationship between these variables.
Statistical Package for the Social Sciences for Windows
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Version 19.0 (SPSS Inc., Chicago, 1L, USA) was used and
P < 0.05 was considered statistically significant.

RESULTS

Thirty patients (twenty males; ten females) were recruited in
the study, and two patients were subsequently excluded (one
because of noncooperation of the patient in recording
off-day glucose levels and other because of transfer from
our hemodialysis center to another). The age of the patient,
age at which diabetes got diagnosed, duration of diabetes,
duration of hemodialysis (months), list of currently used
drugs, type, and dose of insulin administered was tabulated
in Table 1.

On-day and off-day capillary blood glucose levels shown
in paired linear graphs, [Figures 1 and 2]. Tabulations are
depicted in Table 2 and Figure 3. There was significant
35.8% decrease in blood glucose levels 2 h after dialysis in
comparison to predialysis levels (from the mean level of
258-165 mg/dl). There was a strong positive correlation
between predialysis and 2 h after dialysis values with
Pearson’s 7 = 0.65. Similarly, fasting and postprandial
blood sugar levels too had a strong positive correlation
with 7 = 0.84 [Table 2 and Figure 4]. The decrease in the
blood sugar levels from predialysis level to 2 h postdialysis
level was statistically highly significant. The increase in
postprandial levels in comparison to fasting was also
statistically significant [Table 2].

No patient had any change in frequency or dosing
medications, including dose of insulin throughout 4 weeks.

Table 1: Tabulation of patient details enrolled in
the study

Parameter Mean*SD
Mean age of patient (years) 59.5+2.3
Age at diagnosis of DM (years) 37+3.9

Duration of DM (years) 19.844.2
Mean weight (kg) 66.7+5.4
Duration of dialysis (months) 20.2+2.6

DM: Diabetes mellitus, SD: Standard deviation

Table 2: On- and off-day capillary blood glucose
levels of patients enrolled in the study

Parameter Blood Significance  Pearson
glucose of difference correlation
level (mg/dl)
(mean%SD)
On day - just before 25887 t-test, 0.65792417
dialysis P=0.00000003"
On day - 2 h after 16546
dialysis
Off day - fasting 214453 t-test, 0.84903415
Off day - postprandial 262+54  P=0.00000016"

‘Significant. SD: Standard deviation

DISCUSSION

There is a greater need for strict glycemic control
in diabetic patients undergoing dialysis to prevent
hypoglycemic episodes.'” Such control can be effectively
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Figure 1: Graph showing paired tabulation of capillary glucose levels
in hemodialysis patients, just before and 2 h after dialysis (all values
in mg/dl) (n = 28)
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Figure 2: Graph showing paired tabulation of fasting and postprandial
capillary glucose levels in hemodialysis patients on—off days (all values
in mg/dl) (n = 28)
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Figure 3: Bar chart representation of blood sugar levels in patients
on- and off-days of dialysis (n = 28)
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Figure 4: Scattered plot graph showing correlation of predialysis
sugar levels to 2 h postdialysis (a) and fasting blood sugar levels to
postprandial levels (b). Both sets of data showed “strong” positive
correlation with r=0.657 and 0.849. In both graphs, the linear equation
of the trend line and R2 value is displayed

established if the patient undergoes continuous glucose
monitoring, which is not possible in most of the patients
in most dialysis centers.!"”) There will be higher prevalence
of microvascular complications in diabetic patients
undergoing dialysis.

We have measured blood glucose levels on- and off-dialysis
days. On dialysis days, the measurement of blood glucose
levels just before beginning of dialysis and 2 h after dialysis,
irrespective of the session time of dialysis in all patients
has negated the influence of differential calorie intake
and output. This method checked the effect of dialysis
on blood glucose levels. We have noted a consistent
statistically significant decrease in the blood glucose levels
in all patients except two patients on seven occasions. We
have used glucose-free dialysate during dialysis. A similar
decrease in the plasma blood glucose levels coupled with
decrease in immunoreactive insulin was noted in the
previous studies.""*! Sobngwi ez al., using a 24-h euglycemic
clamp, have shown a reduction in glucose levels postdialysis
translating to a 25% lower insulin requirement immediately
after dialysis.”™ We have noted a much higher reduction
in glucose levels, in our study. That can be explained by
nonstrict calorie intake restriction and 2 h delay in the
postdialysis recording.

This study showed that there is a significant decrease
in blood glucose levels postdialysis. However, there
were no serious hypoglycemic events requiring medical
intervention. Patients were not given insulin dosage on
the day of dialysis, irrespective of time of their dialysis
session. Thereby, it has accounted for higher predialysis
glucose levels in patients (especially those having
evening sessions). A similar decrease in glucose profiles
and the mean glucose values were reported in ecarlier
studies.??l Therefore, it can be predicted that risk of
hypoglycemia is the highest after dialysis and enhanced
glycemic monitoring is recommended. In this study, since
the insulin dose was withheld on dialysis days, severe
hypoglycemia was noted.

However, of late, the very importance of strict blood
glucose control on possible effects on microvascular and
macrovascular complications of diabetes is unclear.?' >
Action to Control Cardiovascular Risk in Diabetes has
emphasized a strict blood glucose control.™ However, no
additional benefit was noted with strict glycemic control
before dialysis in a study by Oomichi ez a/* Therefore,
strict glycemic control may not be a must for all patients
undergoing dialysis. However, good glycemic control will
reduce insulin dose requirement and lower incidence of
hypoglycemic episodes.

CONCLUSION

Diabetic patients with end-stage renal disease on
hemodialysis have lower capillary blood glucose levels
postdialysis. This has to be addressed clinically to prevent
hypoglycemic episodes by reducing exogenous insulin
administration on the day of hemodialysis.
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