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Targeting Predialysis Glucose up to 180 mg/dl Reduces
Glycemic Variability in End Stage Diabetic Nephropathy
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Context: Glycemic variability plays a major role in the development as well as the progression of cardiovascular disease in diabetes. Aims: We
compared the mean plasma glucose and glycemic variability (GV) parameters on and off hemodialysis (HD) in patients with End-Stage Diabetic
Nephropathy (ESDN) and End-Stage Renal Disease (ESRD). Settings and Design: Cross-sectional study. Methods and Material: We included
23 ESDN and 6 ESRD patients who underwent continuous glucose monitoring (CGM) (iPro2) for 6 days and a glucose-free dialysate for 4 hours
thrice weekly. EasyGV software was used to calculate the variability parameters {mean glucose, Time in range (TIR), Time above and below
range (TAR/TBR), CV (Coefficient of Variation) and MAGE}. Statistical Analysis Used: The quantitative data variables were expressed by
using mean and SD. Unpaired #-test was used to compare the two groups. P value <0.05 was considered significant. Results: In the ESDN
group, TIR was significantly lower whereas TAR and TBR were significantly higher on HD day. MAGE (101.88 + 40.5 v/s 89.46 + 30.0,
P <0.007) and CV (29.41% v/s 21.67%) were higher on HD day. Subjects with pre-HD glucose values >180 mg/dl (Group B, n =24) had a
rapid drop with a delayed higher rise in glucose values than those with pre-HD glucose values <180 mg/dl (Group A, n = 27). Ten patients
had 13 episodes of hypoglycemia. The CGM parameters were not different in the ESRD group. Conclusions: Targeting a pre- HD glucose
value <180 mg/dl could be a good strategy to prevent larger fluctuation during and post HD.

Keywords: Continuous glucose monitoring system, end stage diabetic nephropathy, glycemic variability, hemodialysis, mean amplitude of
glycemic excursion (MAGE), type 2 diabetes mellitus

Both hyper and hypoglycemia are associated with higher
mortality.>) Currently, there is no consensus regarding
optimum glycemic management on the day of hemodialysis.
Many centers avoid or reduce the dose of insulin on the day
of HD to minimize the risk of hypoglycemia. Patients may
have intra-dialysis hypoglycemia followed by post-dialysis

INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is one of the leading causes
of end-stage renal disease (ESRD) accounting for nearly 50%
of patients on hemodialysis (HD).!'*! Glucose metabolism
in patients with ESRD on HD is affected by a number of
factors like insulin secretion and degradation, worsening of

insulin resistance, change in drug metabolism, increase in
inflammatory markers, protein catabolism, counter-regulatory
hormonal surge, glucose-free/low glucose dialysate, glucose
loss during dialysis, and decreased renal gluconeogenesis.
All these factors affect Glycemic variability (GV) also which is
defined by both the frequency and amplitude of blood glucose
oscillations around a mean value. Oxidative bursts as a result
of high glycemic variability can cause widespread endothelial
dysfunction and play a major role in the development as well
as the progression of cardiovascular disease in diabetes.>]
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huge patient-to-patient variation. Also, it is unknown whether
pre-HD glucose values have any bearing on these fluctuations.

Although the Continuous Glucose Monitoring System (CGMS)
is a valid tool to assess GV, its experience in patients with HD is
limited.['"!?! Hence, we decided to study the glycemic patterns
and variability in patients with T2DM with ESRD undergoing
HD using CGMS which would provide us with useful insights
for better glycemic management in these patients.

Our primary objective was to study and compare the mean
plasma glucose and GV parameters in patients of ESRD on
maintenance HD with type 2 DM on the day of HD and the
day oftf HD. Our secondary objective was to study and compare
the mean plasma glucose and GV parameters in patients of
ESRD on HD with T2DM and those without T2DM as well as
to study glycemic trends depending upon the pre-HD glucose
values </>180 mg/dl.

MareriAL AND METHODS

This was a cross-sectional study conducted by the Endocrinology
services of a tertiary care center after the Institutional Ethics
Committee approval (Ethics Committee for Academic Research
Projects, PG academic Committee) (No. ECARP/2018/99).
This study was also approved by the Ethics Committee of the
dialysis center (LET/DM/EC/01). The study was conducted

according to the World Medical Association Declaration of
Helsinki.

Study population

The study recruited 35 patients (29 with T2DM and 6 without
T2DM) from a single dialysis center from August 2018 to
April 2019 after written informed consent. We recruited patients
aged more than 18 years with/without diabetes and on regular HD
for at least 3 months. We excluded patients with Type 1 diabetes,
intercurrent acute illness, liver disease, pregnancy, and changes
to medication regimen during the study period. Twenty-three
patients in End Stage Diabetic Nephropathy (ESDN) group and
5 patients in End Stage Renal Disease (ESRD) group completed
the study and were analyzed [Figure 1].

Hemodialysis

Each patient underwent HD for 4 hours alternate day (3/week)
in 3 different shifts: morning, afternoon and evening. During
HD, the blood flow rate was 300 ml/min and a dialysate flow
rate of 500 mL/min. HD was carried out with 17 M middle flux
dialyzers using polysulphone membranes (NIPRO). The glucose
free dialysate contained 138 mM Na, 2.20 mM K, 1.5 mMCa,
0.5mM Mg, 109 mM Cl, 4.5 mM CH,00 and 35 mM HCO,.

CGM procedures and glycemic variability measurement
Continuous glucose monitoring with the iPro2 CGM
(Model REF-MMT 7102 W, Medtronic MiniMed, USA)

35 patients enrolled

Inclusion : Age > 18 with/without Type 2 DM on MHD for >3 months

Excluded: Type 1 diabetes, intercurrent acute iliness, liver disease, pregnancy

»

EXCLUDED (N=7)

2 patients had bleeding at the site of
Insertion

2 patients removed sensor due to itching
at the insertion site.

3 sensors failed to record data

23 ESDNand 5 ESRD

Total 28 patients completed the study

CGMS sensor inserted I
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[ CGMS sensor removed |
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Figure 1: Methodology and chronology of blood glucose monitoring using a CGMS in this study
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was initiated for 6 days. A glucose sensor was inserted
subcutaneously over the abdomen at least 1 hour prior to the
HD and stayed for 6 days and including all the HD sessions
during that period. We defined the first 24 hours from the
start of HD as ‘Day on HD’ and the next 24 hours as “Day
off HD.” The 24 hours following the first hemodialysis were
excluded [Figure 1] The instrument was calibrated by four
capillary glucose values obtained on a glucometer (Freestyle
OptiumXceed) prior to three major meals and at bedtime.
Blood glucose meters and test strips were provided to the
patients. Patients were instructed to be consistent with their
meal timings, pattern, and to maintain a food diary which
was analyzed by a registered dietician. Total calorie intake
was calculated and compared for on and off HD days. As per
the dialysis center protocol, patients on insulin skipped their
pre-HD dose and continued the other doses of the day. No
changes in any medications were made during the study period.

CGM data was downloaded with the CareLink Iprol
software (MMT-7340) (Medtronic, Minneapolis, MN, USA)
and this data was used to calculate the variability parameters
by an automated Software EasyGV version 9.0. R2. Glycemic
variability was defined as intraday glycemic excursions,
including episodes of hyperglycemia and hypoglycemia. The
following variables were calculated from CGM readings for
each patient: Time In Range (TIR), Time Above Range (TAR)
and Time Below Range (TBR), Mean glucose, Standard
deviation (SD), Coefficient of Variation (CV), Mean Amplitude
of Glycemic excursion (MAGE).[3-13]

Sample size and statistical analysis

The sample size of our study was calculated based on the study
by Y Jin et al."> by comparison of mean and SD method for
the paired data (on and off HD days) at 80% power and 95%
confidence interval with 5% alpha error. The minimum sample
size was 5 patients per group.

The data analysis was done by using SPSS (Statistical Package
for Social Sciences) version 25:0. The qualitative data variables
were expressed by using frequency and percentage (%). The
quantitative data variables were expressed by using mean

and SD. Unpaired #-test was used to compare the two groups.
P value <0.05 was considered as significant.

ResuLts

Baseline characteristics

Actotal of 23 patients in ESDN group and 5 patients in ESRD
group completed the study. The patients had an average age
0f63.17+10.24 years in ESDN group and 61.6 +9.94 years
in the ESRD group. The average duration of diabetes in the
ESDN group was 17.4 + 6.1 years and the mean HbA 1¢c was
7.39 + 1.64%. The average duration of patient on HD was
3.68 £ 3.39 years in ESDN group and 4.5 + 6.44 years in
the ESRD group. Five out of 23 in the ESDN group required
treatment for diabetes (3 patients were on insulin and 2 were
on Linagliptin. The total energy intake, determined from the
patient’s diaries, for each patient was similar on HD and Off
HD days (1610 + 218 kCal in the HD vs. 1692 + 225 kCal
in the day off, P=0.171). Some patients had a late removal
of the CGM sensor, a total of 61 HD days (51 ESDN + 10
ESRD) and 69 off HD days (58 ESDN + 11 ESRD) were
analyzed.

Comparison of CGM parameters on HD day and off HD day
In the ESDN group, TIR was significantly lower
(41.30 v/s 66.1, P = 0.002) whereas TAR (>180) {38.10 v/s
26.7, P = 0.039} and TBR (<70) {1.2 v/s 0.00, P = 0.02}
were significantly higher on HD day as compared to off HD
day [Table 1]. Although, the mean glucose was similar (Group
mean, 180.54 + 53.1 vs. 181.08 = 39.24, P = 0.9), the
MAGE and CV were higher on HD day compared to off HD
day. (Group MAGE = 101.88 + 40.5 v/s 89.46 + 30.0 with
P<0.007,CV=29.41% v/s 21.67%, Table 1, Figure 2a and b).
Our data suggests that patients in the ESDN group had larger
glycemic variability on HD days.

In the ESRD group, TIR, Mean glucose and CV were similar
on and off HD day. MAGE was higher (43.11 + 13.44 vs.
39.61 £ 12.40*P = 0.680) on the day of HD as compared to
off HD day but did not reach statistical significance.

Table 1: CGM parameters of ESDN & ESRD group

ESDN Group ESRD Group

On HD 0Off HD P On HD 0ff HD P
TBR (%) < 54 mg/dl 0.07 0.00 0.317 0.00 0.00 _
TBR (%) < 70 mg/dl 1.20 0.00 0.02% 0.00 0.00 _
TIR TARGET (%) 71-180 mg/dl 41.30 66.12 0.002%* 99.44 97.93 0.880
TAR (%) > 180 mg/dl 38.10 26.70 0.039* 0.56 2.07 0.881
TAR (%) > 250 mg/dl 19.77 6.74 0.118 0.00 0.00 _
MEAN mg/dl 180.54+53.1 181.08+39.24 0.9 117.59£10.73 123.05+8.95 0.408
SD mg/dl 50.22+21.06 46.98+17.64 0.98 18.9+3.96 18.36+3.42 0.813
CV % 29.41 21.67 _ 9.12 7.27 _
MAGE 101.88+40.5 89.46+30.0 0.007* 43.11+13.44 39.61+12.40 0.680

ESRD=End-Stage Renal Disease, GV=Glycemic Variability, ESDN=End Stage Diabetic Nephropathy, CGM=Continuous Glucose Monitoring System,
TIR=Time in Range, TAR=Time above Range, TBR=Time Below Range, MAGE=Mean Amplitude of Glycemic Excursion, SD=Standard deviation,

CV=Coefficient of Variation. *P significant
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The glycemic pattern on HD and off HD in the ESDN group
and ESRD group

The 12-hour glucose pattern (4 hours pre-post and during HD)
of 23 diabetes patients on HD days and off HD days is shown
in Figure 3a. The mean glucose of all the patients showed a
decreasing trend after the start of HD followed by a rising
trend post HD when compared to the time matched value off
HD day. Of interest, the mean glucose level reached a nadir

Percentage (%)

66.12
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29.41
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2167
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Figure 2: (a) Mean glucose of each patient on HD and off HD day (Group
mean, 180.54 + 53.1 vs. 181.08 = 39.24*P = 0.9). (b) Mage of
each patient on HD and off HD day (Group MAGE, 101.88 = 40.5 and
89.46 + 30.0, respectively, with P < 0.007%)

of 152 mg/dl at 145 minutes after the start of HD and a peak
of 224 mg/dl was seen at 475 minutes.

ESRD group also showed a reducing trend of glucose since the
start of HD followed by a post HD rise but to a lesser degree
of fluctuation as compared to the ESDN group.

Comparison of glycemic pattern as per pre-HD glucose
values in ESDN Group

We analyzed the glycemic patterns in the ESDN group
depending on the pre-HD glucose values on the HD day.
Fifty-one HD sessions in ESDN group were categorized
into 2 groups based on the pre-HD glucose values: Group A
(<180 mg/dl) (n = 27) and Group B (>180 mg/dl) (n = 24).
The mean pre-HD values in groups A and B were 151.5 and
226.1 mg/dl, respectively. These values were taken as time point
“0.” We calculated the delta/difference of this pre-HD mean
glucose values on HD days with the values available every
5 minutes for 12 hours from the CGM to get a trend analysis.

The group A which started at a mean value of 151.5mg/dl had a
nadir value of 123.6 mg/dl (Delta =—27.9 mg/dl) at 160 minutes
followed by a peak value of 192.3 mg/dl (Delta =+40.8 mg/dl)
at 380 minutes. The group B which started at a mean value of
226.1 mg/dl had a nadir value of 131.2 (Delta = —94.9mg/dl)
at 115 minutes followed by the peak value of 274.4 mg/dl
(Delta=+46 mg/dl) at 575 minutes. This suggests that group B
had arapid drop in glucose with a later and higher rise compared
to group A [Figure 3b]. Seven of the total 13 hypoglycemic
episodes occurred in Group A and the remaining six episodes
occurred in group B.

Hypoglycemia

A total of 13 episodes of hypoglycemia were recorded in
10 patients [Table 2]. All episodes occurred on the HD day.
Seven out of total 13 episodes occurred during four hours of
HD and the remaining six episodes occurred post HD. All
except one episode were asymptomatic. During the 6-day
study period, 10 patients (43%) in the ESDN group had at
least one value of glucose <70mg/dl but more than 54 mg/dl.
Three patients had episodes of hypoglycemia twice. Two
patients had one episode each of glucose value <54 mg/dl
defined as clinically important hypoglycemia. Figure 4 shows

Table 2: Duration and severity of no. of episodes hypoglycemia of 10 patients

Patientno  No. of episodes  Time duration (mins)  Lowest glucose value <70 mg/dl (43%) <54 mg/dl (9%) =40 mg/dl (3%)
Patient 1 2 15 and 20 67/65 2 0 0
Patient 2 2 35 and 30 67/65 2 0 0
Patient 3 1 5 65 1 0 0
Patient 4 1 55 55 1 0 0
Patient 5 1 30 65 1 0 0
Patient 6 1 25 61 1 0 0
Patient 7 1 35 59 1 0 0
Patient 8 2 45 and 20 58/67 2 0 0
Patient 9 1 140 40 0 0 1
Patient 10 1 25 52 0 1 0
Total 13 11 1 1
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the duration (width) and the severity (height) of hypoglycemia
episodes of these 10 patients [Figure 4].

Discussion

There is a direct relationship between glycemic control and
mortality in ESRD patients on HD.!'® The recommended
Hbalc goal for patients with ESDN is 7-8%.!!"7 However,
glycemic variability with the highs and lows in plasma glucose
plays an important role in morbidity and mortality irrespective
of Hbalc control.’! We included 23 patients with ESDN with
a mean HbAlcof 7.39 + 1.64% and observed that the mean
glucose value was similar but the MAGE was significantly
higher on the HD day than the off HD day. The findings
of higher MAGE were consistent with other studies in the

literature, >3 but the results of mean glucose were discrepant.
There were some studies!'>!*! that found higher mean glucose
during off HD days while a study done by Mirani et al.'® found
ahigher mean on HD days. However, some researchers®” also
found no difference in the mean glucose on and off HD days
which was similar to our findings. This disparity could be due
to the differences in the number of days the sensor was used,
type of sensor and dialysis related factors.

The current CGM recommendations!'* for the high-risk group
suggests target of >50% for TIR, <10% for TAR >250 mg/d],
and <1% for TBR. The TIR was significantly lower while the
TAR was significantly higher on the HD day than off HD day.
These results signify poor glycemic control on the HD day
compared to the off HD day.
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Figure 3: (a) The12 hour glucose pattern (4 hours pre, 4 hours post and during HD) in ESDN and ESRD group. (b) Comparison of Glycemic Pattern

on HD between Group A and Group B
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Figure 4: Duration (width) and severity (height) of hypoglycemia episodes
of 10 patients

The ESRD group also has had similar mean glucose on and
off HD days with a higher but non-significant CV and MAGE
indicating a lesser fluctuation despite a similar trend of glucose
values compared to the ESDN group.

We also found a clear trend of hemodialysis induced drop in
the glucose levels followed by post dialysis rise in glucose
on the day of HD as compared to the day off HD in both the
ESDN and ESRD groups. This has been previously reported
in the literature.?!’ Hemodialysis induced hypoglycemia is
due to diffusion of plasma glucose across the concentration
gradient from the blood to the dialysate due to its low molecular
weight and possibly because of diffusion of plasma glucose
into erythrocytes with changes in the cytoplasmic pH of
erythrocytes due to accelerated anaerobic metabolism and
increased glucose consumption.i! The routine practice across
India is to use glucose free dialysate due to the cost, storage
considerations, and convenience. This may be associated
with an increased likelihood of hemodialysis-induced
hypoglycemia. Post HD hyperglycemia is due to the counter
regulatory hormone response, the postprandial state, and a
decrease in plasma insulin level due to reduced endogenous
insulin secretion in response to the decrease in plasma glucose
level together with adsorption of insulin by the dialyzer.™

The pre-HD glycemic trends of Group B (>180 mg/dl) as
compared to Group A (<180 mg/dl) showed a rapid and
a greater intradialytic decrease in the blood glucose level
followed by a later and a higher glucose surge in the immediate
post HD period [Figure 3b]. This indicates that poor control
at the start of HD may have a role in the larger fluctuations in
glucose levels on the day of HD. Thus, in Group B, optimizing
the pre-HD treatment to get the glucose levels <180 mg/dl
range could to be a useful strategy in preventing the huge
fluctuations in glucose values.

Our study showed that on the dialysis day in the ESDN group,
43% of patients recorded glucose values <70 mg/dl and 9%
recorded <54 mg/dl. Many of the episodes were asymptomatic
making them difficult to detect unless monitored intensively.
Frequent recurrence of hypoglycemia episodes, despite their
asymptomatic nature, might increase the risk of progressive
cognitive impairment in patients with diabetes.?>?* Other
studies have shown varying incidences of hypoglycemia
ranging from 2% to 16%.!'>2%%] This is due to the differences

in definitions of hypoglycemia in terms of value and time!*”
sensor type?’! dialysate fluid glucose and diabetes medications
are used. Our results suggest that all hypoglycemia episodes
were on HD day. However, a study by Chantrel et al.™®!
showed hypoglycemia on both HD and off HD days with a
higher incidence on HD days. This difference probably could
be attributed to the fewer patients on insulin in our study
compared to their study.

ConcLusioN

CGMS could be a very useful tool in understanding and
managing diabetes in this high-risk group with CKD. The
mean glucose decreases after the start of HD followed by a
rising trend post HD in patients of ESDN. Targeting a pre-HD
glucose value of less than 180 mg/dl could be a good strategy
to prevent larger fluctuation during and post HD.

Key messages

The mean glucose decreases after the start of HD followed
by a rising trend post HD in patients of End Stage Diabetic
Nephropathy (ESDN). Targeting pre-HD glucose of
<180 mg/dl at the start of HD could prevent larger peri-HD
fluctuations and reduce the glycemic variability.

Financial support and sponsorship
Endocrinology Department Development Fund.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Saran R, Robinson B, Abbott KC, Zhang X, Zhou H, Shahinian V, ez al.
Renal Data System 2018 Annual Data Report: Epidemiology of Kidney
Disease in the United AJKD. doi: 10.1053/j.ajkd. 2019.01.001.

2. Ghaderian SB, Hayati F, Shayanpour S, Beladi Mousavi SS. Diabetes
and end-stage renal disease; A review article on new concepts. J Renal
Inj Prev 2015;4:28-33.

3. Nakai S, Watanabe Y, Masakane I, Wada A, Shoji T, Hasegawa T, ef al.
Overview of regular dialysis treatment in Japan (as of 31 December
2011). Ther Apher Dial 2013;17:567-611.

4. Abe M, Kalantar-Zadeh K. Haemodialysis-induced hypoglycaemia and
glycaemic disarrays. Nat Rev Nephrol 2015;11:302-13.

5. Ricks J, Molnar MZ, Kovesdy CP, Shah A, Nissenson AR, Williams M,
et al. Glycemic control and cardiovascular mortality in hemodialysis
patients with diabetes: A 6-year cohort study. Diabetes 2012;61:708-15.

6. Ceriello A, Esposito K, Piconi L, Thnat MA, Thorpe JE, Testa R,
et al. Oscillating glucose is more deleterious to endothelial function
and oxidative stress than mean glucose in normal and type 2 diabetic
patients. Diabetes 2008;57:1349-54.

7. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol J-P, et al.
Activation of oxidative stress by acute glucose fluctuations compared
with sustained chronic hyperglycemia in patients with type 2 diabetes.
JAMA 2006;295:1681-7.

8. Colette C, Monnier L. Acute glucose fluctuations and chronic sustained
hyperglycemia as risk factors for cardiovascular diseases in patients
with type 2 diabetes. Horm Metab Res 2007;39:683-6.

9. Hermanides J, Bosman RJ, Vriesendorp TM, Dotsch R, Rosendaal FR,
Zandstra DF, et al. Hypoglycemia is associated with intensive care unit
mortality. Crit Care Med 2010;38:1430-4.

10. Riveline JP, Teynie J, Belmouaz S, Franc S, Dardari D, Bauwens M, et al.
Glycaemic control in type 2 diabetic patients on chronic haemodialysis:
Use of a continuous glucose monitoring system. Nephrol Dial Transplant

Indian Journal of Endocrinology and Metabolism | Volume 26 | Issue 5 | September-October 2022 -




Shah, et al.: Predialysis glucose impacts glycemic variability

2009;24:2866-71.

. Satya Krishna SV, Kota SK, Modi KD. Glycemic variability: Clinical

implications. Indian J Endocrinol Metab 2013;17:611-9.

. Ceriello A. The possible role of postprandial hyperglycaemia

in the pathogenesis of diabetic Diabetologia

2003;46(Suppl 1):M9-16.

complications.

. Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al.

Clinical targets for continuous glucose monitoring data interpretation:
Recommendations from the international consensus on time in range.
Diabetes Care 2019;42:1593-603.

. Service FJ, Molnar GD, Rosevear JW, Ackerman E, Gatewood LC,

Taylor WF. Mean amplitude of glycemic excursions, a measure of
diabetic instability. Diabetes 1970;19:644-55.

. Jin Y-P, Su X-F, Yin G-P, Xu XH, Lou JZ, Chen JJ, et al. Blood

glucose fluctuations in hemodialysis patients with end stage diabetic
nephropathy. J Diabetes Complications 2015;29:395-9.

. Grzywacz A, Lubas A, Smoszna J, Niemczyk S. Risk factors associated

with all-cause death among dialysis patients with diabetes. Med Sci
Monit 2021;27:¢930152.

. Hahr AJ, Molitch ME. Management of diabetes mellitus in patients with

chronic kidney disease. Clin Diabetes Endocrinol 2015;1:2.

. Mirani M, Berra C, Finazzi S, Calvetta A, Radaelli MG, Favareto F,

et al. Inter-day glycemic variability assessed by continuous glucose
monitoring in insulin-treated type 2 diabetes patients on hemodialysis.
Diabetes Technol Ther 2010;12:749-53.

19.

20.

21.

22.

23.

24.

25.

Kazempour-Ardebili S, Lecamwasam VL, Dassanyake T, Frankel AH,
Tam FW, Dornhorst A, ef al. Assessing glycemic control in
maintenance hemodialysis patients with type 2 diabetes. Diabetes Care
2009;32:1137-42.

Jung HS, Kim HI, Kim MJ, Yoon JW, Ahn HY, Cho YM, et al. Analysis
of hemodialysis-associated hypoglycemia in patients with type 2
diabetes using a continuous glucose monitoring system. Diabetes
Technol Ther 2010;12:801-7.

Gai M, Merlo I, Dellepiane S, Cantaluppi V, Leonardi G, Fop F, et al.
Glycemic pattern in diabetic patients on hemodialysis: Continuous
glucose monitoring (CGM) analysis. Blood Purif 2014;38:68-73.

De Feo P, Gallai V, Mazzotta G, Crispino G, Torlone E, Perriello G,
et al. Modest decrements in plasma glucose concentration cause
early impairment in cognitive function and later activation of glucose
counterregulation in the absence of hypoglycemic symptoms in normal
man. J Clin Invest 1988;82:436-44.

Heller SR, MacDonald IA. Physiological disturbances in hypoglycaemia:
Effect on subjective awareness. Clin Sci (Lond) 1991;81:1-9.

Maran A, Lomas J, Macdonald TA, Amiel SA. Lack of preservation
of higher brain function during hypoglycaemia in patients with
intensively-treated IDDM. Diabetologia 1995;38:1412-8.

Chantrel F, Sissoko H, Képénékian L, Smagala A, Meyer L, Imhoff O,
et al. Influence of dialysis on the glucose profile in patients with
diabetes: usefulness of continuous glucose monitoring. Horm Metab
Res 2014;46:810-3.

- Indian Journal of Endocrinology and Metabolism | Volume 26 | Issue 5 | September-October 2022

445




