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ABSTRACT. Hypoglycemia has been documented during regular hemodialysis (HD) in both
diabetic and nondiabetic end-stage renal disease (ESRD) patients. The aim of this study was to
evaluate the glycemic fluctuations in diabetic and nondiabetic ESRD patients during HD days
using glucose-free and glucose-containing dialysate. We conducted a prospective interventional
study in which 32 ESRD patients (16 diabetic and 16 nondiabetic) were included in the study. All
the patients underwent two HD sessions with glucose-free bicarbonate solution (phase 1) and next
two HD sessions done with 100 mg/dL glucose-containing dialysate (phase 2). Serum glucose
was measured using a continuous glucose monitoring system at the 1st h, 2nd h, and 4th h in both
the phases. Percentage of time above and below preset target range (70–140 mg/dL) in 24 h on
HD days in both phases was noted. Glucose loss in effluent fluid from dialyzer also was estimated
at the 1st h, 2nd h, and 4th h. Statistical analysis was performed using Statistical Package for the
Social Sciences software. Data are expressed as mean ± standard deviation. The Chi-square test
was used for comparison of categorical variables. Continuous variables were compared using
Student’s t-test. Value of P <0.05 was considered statistically significant. With glucose-free
dialysate solution, 20 patients (diabetic - 15, nondiabetic - 5) had 22 episodes of hypoglycemia in
64 sessions and with glucose-containing solution, only five patients (diabetic - 4, nondiabetic - 1)
had five episodes of hypoglycemia (P = 0.002). For all patients, glucose lost (g/h) in the effluent
fluid was at lower values in phase 2 (5.91 ± 1.5) when compared to phase 1 (7.08 ± 10.9) (P
<0.0002). This was also observed both among the diabetic and nondiabetic patients. The mean
percentage of time below target out of 24 h on HD days in phase 1 was significantly higher as
against phase 2 (33% vs. 18.7%; P = 0.0001) which was observed both among diabetic group
(18.65% vs. 13.5%; P = 0.03) and nondiabetic group (48.12 % vs. 23.4%; P = 0.0003); the mean
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percentage of time above the target (>140
mg/dL) out of 24 h on HD days was significantly higher than phase 2 (21.1% vs. 9.3%;
P = 0.0001). This was also observed among
diabetics group of patients (18.8% vs. 8.6 %; P
= 0.0001). Most of this time above target
occurred during the post HD period. However,
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in the nondiabetic group, there was no significant difference between the two phases.
Glucose-containing dialysate at 100 mg/dL
significantly reduced the hypoglycemic episodes and also the intensity of hypoglycemia.
Diabetic patients dialyzed with glucose-free
dialysate had increased time above target (akin
to Somogyi effect) in the post HD period compared to same patients dialyzed with glucosecontaining dialysate. Hence, glucose-containing
dialysate appears to offer better glycemic
control and lesser glycemic fluctuations during
HD days for both diabetic and nondiabetic
ESRD patients.
Introduction
Type 2 diabetes mellitus (is one of the
leading causes of chronic kidney disease and
end-stage renal disease (ESRD). Diabetes
mellitus (DM) patients can experience hyperglycemia, hypoglycemia, and glucose variability during hemodialysis (HD). Cardiovascular disease is worsened by all these three
components of DM.1,2 Hypoglycemia has been
reported more frequently in diabetic ESRD
patients during HD sessions, but most of them
are asymptomatic.3-8 Among nondiabetic ESRD
patients, asymptomatic hypoglycemic episodes
during HD has also been documented.4-8
Continuous glucose monitoring system
(CGMS) helps us to detect not only these
asymptomatic hypoglycemic episodes during
HD sessions but also glycemic fluctuations
occurring as a sequel of HD.9 We assessed the
effect of HD sessions on glycemia (estimated
by timed post dialysis venous sampling and
CGMS) in both diabetic and nondiabetic
patients using glucose-free and glucosecontaining dialysis solutions.
Aims
We aimed to evaluate the incidence of
hypoglycemic episodes, glucose loss in the
dialysate and its correlation with hypoglycemic episodes and post dialysis glycemic
status on HD days.

Subjects and Methods
We conducted a prospective interventional
trial over a period of eight months (April 2015
to November 2015). Out of 52, ESRD undergoing HD treatment at our unit, 38 patients (19
in diabetic group and 19 nondiabetic group)
were included after obtaining written consent.
Patients with minimum 18 years of age who
are stable while on HD and who have been on
regular dialytic therapy for at least previous 30
days were included in the study.
Excluded were the unstable patients with ongoing systemic infection, patients hospitalized
for comorbid illness, and unwilling patients.
In phase 1, all the patients in the study (diabetic and nondiabetic) underwent two sessions
of regular 4-h HD with glucose-free bicarbonate dialysate. In phase 2, they were dialyzed
using a specially prepared glucose added
solution (100 mg/dL in the final dialytic fluid)
provided by the same manufacturer for another
two sittings. Fresenius 4008S equipment and
polysulfone Fresenius F6 dialyzers were used
for the study. Dialyzers were reprocessed and
reused as per the standard guidelines.
All patients underwent glucose monitoring
using Freestyle LibrePro (Abbott) CGMS.
This monitor works on the principle of glucose
oxidase-based electrochemical sensor which is
capable of measuring interstitial glucose level
once in every 15 min for 14 days continuously.
The sensor was placed subcutaneously in the
nonAVF upper arm just before starting HD in
phase 1 and kept secured in position for next
14 days till the end of phase 2 of our study.
Data were downloaded and stored in computer
and depicted as graphs. Percentages of time
above and below preset target range out of 24h of HD days in phase 1 and phase 2 were
noted.
During each HD session, blood glucose level
was measured at 1st h, 2nd h, and at the 4th h (at
the end of the session). Samples were collected from the arterial line of the dialysis system,
just before entering the dialysis circuit.
Glucose level of the effluent fluid was also
measured simultaneously (i.e., at 1st h, 2nd h,
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and at the 4th h) in all the patients. The effluent
fluid was collected directly at the point of exit
from the dialyzer during the HD session.
Glucose level in the plasma and dialytic fluid
were measured by enzymatic method in a
spectrophotometer. In phase 2, the basal content of the dialytic fluid was deducted from the
total glucose value of the effluent measured.
Among the 18 diabetic patients enrolled, 16
were on short-acting insulin therapy as per
standard protocol. Neither the insulin treatment nor the dietary habits were changed
during the study period. The patients were
allowed to have snacks during the dialysis.
They were carefully monitored for signs or
symptoms of hypoglycemia throughout the
period of HD sessions. Whenever hypoglycemia was suspected, it was confirmed by
capillary glucose estimation and the patient
was treated with 100 mL of 25% dextrose in
the peripheral vein.
Target glycemic range was defined as blood
glucose between 70 and 140 mg/dL; Hypoglycemia as a glucose level of <70 mg/dL and
hyperglycemia as a glucose level of >140
mg/dL.
Statistical Analysis
Statistical analysis was performed using
Statistical Package for the Social Sciences
software version 24.0. Data are expressed as
mean ± standard deviation. The Chi-square
test was used for comparison of categorical
variables. Continuous variables were compared
using Student’s t-test. P <0.05 was considered
statistically significant. Institutional Ethical
Committee approval was obtained for the study.
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Results
A total of 38 patients were included in the
study. Two patients from diabetic group and
two from nondiabetic group had faulty CGMS
reading. One diabetic patient lost follow-up
and one nondiabetic patient was irregular with
the dialysis schedule. Data of remaining 32
patients (diabetic – 16 and nondiabetic - 16)
and their 128 HD sessions (64 sessions in each
phase) were analyzed.
There was no significant difference observed
between diabetic and nondiabetic group with
respect to clinical and biological characteristics (Table 1).
Out of 128 HD sessions, four episodes of
hypoglycemia (3%) had clinical symptoms and
signs during HD sessions. This symptomatic
hypoglycemia occurred in four (diabetic - 3;
nondiabetic - 1) out of 32 patients. All these
patients had symptoms only when they were
dialyzed with glucose-free dialysate.
Twenty (diabetic -15; nondiabetic - 5) out of
32 patients (62%) had hypoglycemia during
phase 1 against five (diabetic - 4; nondiabetic 1) out of 32 patients (15.6%) during phase 2
(P = 0.022). Hypoglycemic episodes were also
significantly higher in phase 1 than phase 2
[phase 1 - 22/64 (34%) (diabetic - 17; nondiabetic - 5); phase 2 - 5/64 (7.8%) (diabetic - 4;
nondiabetic - 1); P = 0.036]. The lowest values
of blood sugar were 46 mg/dL and 64 mg/dL
in phase 1 (among diabetic and nondiabetic,
respectively) and 64 mg/dL in phase 2 (among
both diabetic DM and nondiabetic). There is
no significant difference in incidence of hypoglycemic episodes between the 1st, 2nd, and 4th
h (Table 2).

Table 1. Clinical and biochemical characteristics of study population.
Diabetic
Age (years)
59.7±7.8
Gender (M/F)
9/7
BMI
19.1±1.5
Duration of HD (days)
70±43
Sr. Albumin (g/dL)
3.3±0.57
T. Cholestrol (mg/dL)
139±11.06
Pre dialysis urea (mg/dL)
122±15.5
M/F: Male/Female, BMI: Body mass index, HD: Hemodialysis.
*t-test, **Chi-square test

Non diabetic
45±5 6
13/3
18.7±1.8
72±29
3.6±0.73
143.5±13.9
127±17.42

P value
0.101*
0.31**
0.43*
0.89*
0.25*
0.36*
0.34*
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Table 2. Hypoglycemic episodes and number of patients with hypoglycemia in venous blood sugar
monitoring.
Phase
1st h
2nd h
4th h
Total episodes
No. of patients
Phase 1
Diabetic
6
5
6
17
15
Non diabetic
3
2
0
5
5
Total
9
7
6
22
20
Phase 2
Diabetic
2
2
0
4
4
Non diabetic
1
0
0
1
1
Total
3
2
0
5
5
Total
12
9
6
27
25

By CGMS, the mean percentage of time below
target on the day of HD in phase 1 was
significantly higher as against phase 2 (33%
vs. 18.7%; P = 0.0001). This was also observed
both among diabetic group (18.65% vs. 13.5%;
P = 0.03) and nondiabetic group (48.12 % vs.
23.4 %; P = 0.0003) (Figure 1). When
analysing the number of hypoglycemic
episodes using CGMS, out of 64 HD sessions
in phase 1, 50 sessions (diabetic - 23; nondiabetic - 27) (78%) had hypoglycemia during
HD as compared to 13 sessions (diabetic - 11;
nondiabetic - 2) out of 64 sessions (20%) in
phase 2.
The mean percentage of time above the target

on the day of HD in phase 1 was also significantly higher than phase 2 (21.1% vs. 9.3%; P
= 0.0001). This was also observed among
diabetic group of patients (18.8% vs. 8.6 %; P
= 0.0001). Most of this time above target
occurred during post HD period. However, in
nondiabetic group, there was no significant
difference in duration of hyperglycemia on
dialysis days in phase 1 and phase 2 (Figure
1).
It was observed that the loss of glucose (g/h)
in the effluent fluid from the dialyzer was
significantly higher in phase 1 (7.08 ± 1.92)
than in phase 2 (5.91 ± 1.5) (P = 0.0002), after
deducting the basal glucose level of dialysate

Figure 1. CGMS tracing of glycemic fluctuation in a 54 years DM patient undergoing hemodialysis. Top
panel is the 24 h tracing on the day of H.D with glucose-free dialysate (phase 1) and bottom panel on the
day of H.D with glucose-containing dialysate (phase 2). During phase 1, there is a greater fluctuation of
glycemia as evidenced by time in target of 58% and time below and above target of 21% each. Time
above target occurred predominantly during post hemodialysis period. In phase 2, the glycemic
fluctuation was minimal and time in target was 85% and time below and above target were 1% and 14%,
respectively.
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Figure 2. Glucose loss in the effluent (mg/h) (P < 0.05).

glucose in phase 2. This was observed both
among the DM (7.17 ± 2.07 vs. 5.6±1.62; P =
0.0015) and the NDM patients (6.99 ± 1.74 vs
6.12 ± 1.5; P = 0.038) (Figure 2).
There was no correlation between the hypoglycemic episodes and the severity of glucose
loss in the effluent fluid.
Discussion
In early days of HD, very high concentration
of glucose was added to the dialysate to favor
ultrafiltration (glucose acting as osmotic
agent) and to reduce nutritional loss during
HD.10 With the advent of hydrostatic pressure
mediated ultrafiltration, glucose concentration
of dialysate fluid was markedly reduced. Most
of the centers preferred glucose free dialysate
to reduce bacterial and fungal infections and to
reduce the cost.11 This is being continued in
most of the centers in our region at the cost of
increased incidence of asymptomatic hypoglycemia during HD sessions.
We defined hypoglycemia as blood sugar
<70 mg/dL because studies showed that at this
level, deterioration of the auditory evoked
potential occurs12 and there are initial physiological changes of the α and β cells of the
pancreas.13
In this study, 22 hypoglycemic episodes
occurred out of 64 sessions (34%) in phase 1

when compared to five episodes of hypoglycemia out of 64 HD sessions in phase 2 (7.8%)
when monitored by timed venous glucose
measurement. By CGMS, out of 64 HD sessions
in phase 1, 50 sessions (78%) had hypoglycemia during HD as compared to 13 sessions
out of 64 sessions (20%) in phase 2. However,
only four symptomatic hypoglycemic episodes
occurred out of 128 HD sessions during both
the phases. In concordance with previous
studies, we also observed that, most of the
hypoglycemic episodes occurring during HD
were asymptomatic. This could be postulated
to be due to the blunting effect of neurohumoral
response caused by frequent repetition of hypoglycemic episodes during HD.12,13 Studies show
that maintenance of low glycemic levels for a
prolonged period increases glucose uptake by
the brain cell which would also explain the
asymptomatic nature of these hypoglycemic
episodes.14 These asymptomatic repetitive hypoglycemic episodes in long run may lead on to
the risk of progressively compromised cognitive function, especially among DM patients.13,15
Hence, glucose added dialysate reduces hypoglycemic episodes in short term and prevent
cognition impairment in long term.
In this study, the lowest blood glucose was
46 mg/dL in DM and 64 mg/dL in NDM
patients during phase 1 and 64 mg/dL in both
DM and NDM patients during phase 2. This
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shows that DM patients possibly have higher
risk of developing more intense hypoglycemic
episodes. The probable cause for this intense
hypoglycemia may be the altered metabolic,
nutritional, hormonal, and therapeutic response
among the diabetic patients.11
Previous studies showed that hypoglycemic
episodes during HD also occurred when
dialytic fluid with glucose at 100 mg/dL was
used and was more frequent than when dialyzed using dialysate of 200 mg/dl glucose.16
In our study also, patients (20% in CGMS and
7.8% by venous sampling method) developed
hypoglycemia when dialyzed with glucose of
100 mg/dL containing dialysate. This shows
the significance of using glucose containing
dialytic solution during HD. However, the
definition of ideal glucose concentration in the
dialysate requires further research.
In our study, there was a significant loss of
glucose (g/h) in the effluent fluid during phase
1 (7.08 g/h) as compared to phase 2 (5.9 g/h).
However, there was no correlation with hypoglycemic episode and timed glucose loss in the
effluent in our study. This shows that there
may be some other cause for these frequent
hypoglycemic episodes apart from the loss of
glucose in the effluent fluid. Literature also
supports this notion by saying that, HD
improves the insulin resistance by correcting
chronic uremia, thereby enhancing glucose
uptake by muscles.16 There would, also, be
increased diffusion of glucose into the erythrocytes. HD alters the pH of the cytoplasm
of erythrocytes resulting in accelerated
anaerobic metabolism and increased glucose
consumption.16 Hence, the use of glucose-free
dialysate is associated with greater risk of
hypoglycemia.
In this study, average percentage of time
above the target traced among diabetic patients
in phase 1 (18.8%) was significantly higher
than diabetic group in phase 2 (8.5%). It was
observed that the time above target occurred
predominantly during post HD period. No
significant difference was seen in nondiabetic
group between the two phases. This observation showed that diabetic patients dialysed
with glucose free dialysate will have higher
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post HD blood sugar on that particular day
when compared to those dialysed with glucosecontaining dialysate. Studies also show that
there may be increase in blood sugar post HD
naming the phenomenon as “HD induced
hyperglycemia”.16 Reasons postulated are secretion of counter regulatory hormones in
response to hypoglycemia occurring during
HD akin to that of Somogyi phenomenon, loss
of insulin during HD which is more with
polysulfone dialyzer and insulin resistance as a
part of azotemia in ESRD patients.16 Hence,
patients dialyzed using glucose-containing dialysate may have a better control of glycemic
status not only during dialysis session (reduced
hypoglycemia) but also in the post HD period
of the HD day (reduced hyperglycemia),
thereby reducing overall adverse effects of
diabetes. It is a known fact that greater degree
of glycemic variability increases the overall
mortality rate.
Limitations in our study are namely limited
size of the study group, dialyzer reuse varied
among patients and different schedule of
dialysis in relation to the time of insulin
administration.
Conclusions
Hypoglycemic episodes were higher in patients dialyzed with glucose free dialysate
when compared to glucose (100 mg/dL) containing dialysate. Most of the hypoglycemic
episodes were asymptomatic. Glucose loss in
the effluent dialysate was higher during HD
using glucose-free dialysate as against glucosecontaining dialysate. Diabetic patients dialyzed
with glucose-free dialysate had increased time
above target in the post dialysis period on HD
days as compared to the same patients dialysed
with glucose-containing dialysate. We suggest
that glucose-containing dialysate appears to
offer better glycemic control and lesser glycemic fluctuations during HD days, thereby
reducing overall adverse effect in ESRD
patients on hemodialysis in short term and in
long run. Ideal glucose concentrate in the dialysate requires to be defined by further studies
in future.
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