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ABSTRACT

Introduction: Good glycaemic control without causing excessive hypoglycaemia reduced the risk of macrovascular
and microvascular complications in type 2 DM patients on regular haemodialysis (HD). The objectives of this study
were to assess the efficacy and safety of add-on saxagliptin to insulin therapy in blood sugar control compared to insulin
therapy alone in diabetic patients undergoing HD. Design and Methods: In this prospective open-labelled randomized
controlled trial, HD patients with type 2 DM and on stable insulin therapy with HbAlc 7% - 13% were randomized to
receive add-on saxagliptin 2.5 mg once daily to insulin therapy or insulin therapy only for 12 weeks. Results: 24 pa-
tients were randomized into each arm equally. Baseline and week-12 serum HbA ¢, fructosamine, fasting blood glucose
(FBS) and mean self monitoring blood glucose (SMBG) were comparable in the groups. Reduction of HbAlc and mean
SMBG were significant in both groups. There was a significant drop in fructosamine levels (p = 0.004) and trend of
lower FBS (p = 0.097) in add-on saxagliptin group but not in insulin alone group. The incidence of hypoglycaemia was
the same in both groups. Conclusion: Add-on saxagliptin to insulin is comparable to insulin therapy alone in blood
sugar control in regular HD patients and is safe and generally well tolerated. Add-on saxagliptin group may have more
persistent and less fluctuation of glucose control compared to insulin only group.
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glucose levels fluctuate widely, placing patients at risk of
hyperglycaemia and hypoglycaemia [6]. Uraemia com-
plicates glycaemic control by affecting the secretion,
clearance, and peripheral tissue sensitivity of insulin [6].
Haemodialysis (HD) further alters insulin secretion,
clearance and resistance as the result of periodic impro-
vement in uraemia, acidosis, and phosphate handling [6].

To our knowledge data are scarce on how diabetes
should best be treated in ESRD. The importance of gly-
caemic control in survival benefits among dialysis pa-
tients is still in grey area. A seven years observational
study by Oomichi, T. et al. revealed that high HbA1C
levels were associated higher mortality rates in diabetic

1. Introduction

Type 2 diabetes mellitus (DM) is a chronic disease char-
acterized by reduced insulin sensitivity and deficient in-
sulin secretion by pancreatic S-cells [1,2]. These defects
lead to elevated fasting plasma glucose and postprandial
plasma glucose levels, which increase the risk of diabe-
tes-related microvascular and macrovascular complica-
tions [3,4].

End stage renal disease (ESRD) is a major problem in
both developed and developing countries. In the year
2010, DM was the cause of ESRD in 56% of all patients
accepted for dialysis in Malaysia [5]. The various and

opposing effects of ESRD and dialysis can make blood
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HD patients [7]. Contrary, Williams, M.E. et al. failed to
show any correlation between HbAlc with 12-month
mortality rate [8]. Therefore it is important to individual-
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ize the HbAlc target in ESRD patients, perhaps becom-
ing less stringent based on age, co morbidity, life expec-
tancy and the presence of risk factors for the occurrence
of hypoglycaemia.

In patients with type 2 DM and chronic kidney disease
(CKD), antihyperglycaemic treatment options are limited
and often associated with undesirable side effects [9-11].
Metformin is contraindicated in patients with CKD be-
cause of the increased risk of lactic acidosis. Thia-
zolidinediones must be used with caution as they tend to
increase fluid retention and can be associated with con-
gestive heart failure. Insulin and sulphonylureas increase
the risk for hypoglycaemia and often result in weight
gain. Furthermore, patients with CKD may be at inherent
risk for hypoglycaemia because of effects of renal dis-
ease on glucose metabolism including decreased insulin
clearance and impaired gluconeogenesis in the kidney
[12,13].

Dipeptidyl peptidase-4 (DPP-4) inhibitors and incretin
mimetics are newer antihyperglycaemic agents, which
may become more frequently used in patients with type 2
DM and CKD [14]. DPP-4 inhibitors slow the degrada-
tion and the inactivation of the incretins [15-17]. The
incretins account for approximately 50% to 70% of the
postprandial insulin secretion in healthy individuals [18].
DPP-4 inhibitors increase insulin secretion and decrease
glucagon concentration in a glucose-dependent manner,
which improves fasting plasma glucose and postprandial
glucose [15]. DPP4-inhibitors have a favourable toler-
ability profile compared with other antidiabetic agents.
DPP-4 inhibitors are neutral for the following risks: hy-
poglycaemia, weight gain, gastrointestinal symptoms,
heart failure or oedema, fractures, and drug-drug interac-
tions [19].

The primary objective of this study was to assess the
efficacy of add-on saxagliptin to insulin therapy in blood
sugar control compared to insulin therapy alone in re-
gular HD patients with type 2 DM. Efficacy were de-
fined by HbA1C, fructosamine, fasting blood sugar
(FBS) profiles and mean self monitoring blood glucose
(SMBGQG).

The secondary objective of this study was to assess the
safety of add-on saxagliptin to insulin therapy compared
to insulin therapy alone in regular haemodialysis patients
with type 2 diabetes mellitus. Safety in this study was
defined as number of episode of hypoglycaemia. Hypo-
glycaemia was defined as 1) asymptomatic hypoglycae-
mia (measured plasma glucose measurement <3.9 mmol/l
[20]), 2) documented symptomatic hypoglycaemia (swe-
ating, giddiness, palpitations, confusion, measured plas-
ma glucose measurement <3.9 mmol/l, without conco-
mitant hypotensive episodes), and 3) severe hypogly-
caemia (an event requiring assistance of another person
to actively administer carbohydrate, glucagons or resus-
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citative actions).

2. Patients and M ethods

This was a prospective open labelled randomized control
trial involving patients with type 2 DM undergoing HD.
This study was approved by the Research and Ethical
Committee of this hospital. Informed and written con-
sents were obtained from all the patients. The inclusion
and exclusion criteria were listed in Table 1. The pa-
tients were randomized using block of three equally into
either insulin only group or add-on saxagliptin to insulin
group (saxagliptin 2.5 mg daily + insulin) and treated for
12 weeks.

Patients were provided with a glucometer and diary,
and instructed to monitor their fingerstick capillary glu-
cose (DXT) at least three times a week (one fasting and
two pre-meals of either pre-lunch or pre-dinner DXT)
and record any hypoglycaemic event. Patient’s adherence,
diaries, glycaemic control and self-monitored blood glu-
cose levels were reviewed at every visit. Insulin titration
was done at every visit based on titration schedule to
adhere (Table 2). Patients will be reviewed at week 2, 4,
8 and 12. In between the visits, phone calls were made to
the HD centres and patients enquiring regarding hypo-
glycaemic symptoms and DXT readings.

The dosage and duration of treatment were supplied
in exact quantities for the 12 weeks study period. Stu-
dy medication was taken orally, immediately before or
with a meal during non-dialysis day. During dialysis
day, saxagliptin 2.5 mg was taken after completion of the
HD. Compliance and adherence to treatment were as-
sessed by interview and pill counting. Any hypoglycae-
mic symptom and adverse effects were enquired and re-
corded.

Statistical Analysis

Data (non-parametric) was expressed as median and in-
terquartile range. The efficacy profile of saxagliptin ver-
sus insulin was analysed using Mann-Whitney U test.
The changes of parameters in each group were analysed
using Friedman test. The safety profile was analysed us-
ing Fischer Exact test. A p value of <0.05 was considered
as significant. All statistical analyses were performed
using the Statistical Package for the Social Sciences ver-
sion 20.0 (SPSS, Chicago, IL, USA).

3. Reaults

After screening of a total of 540 patients from our HD
clinic, 172 diabetic patients were identified and out of
this, 24 patients who met the inclusion criteria were re-
cruited and randomized into two groups, insulin only
group and add-on saxagliptin to insulin group (12 pa-
tients in each arm).

OJNeph



A.H. A. GAFOR ET AL. 85

Table 1. Inclusion and exclusion criteria.

Inclusion

Exclusion

1) Age > 18 years old

2) Type 2 DM

3) ESRD undergoing HD

4) HbAlc: 7% - 13%

5) Stable dose of short acting basal bolus insulin (10 - 80 units/day)
for at least for 4 weeks

6) Willingness to give written consent and comply with the study
protocol

1) Type | DM

2) History of diabetic ketoacidosis or hyperosmolar hyperglycaemic
state within the past 6 months

3) Secondary cause of diabetes (e.g. steroid-induced)

4) New York Heart Association stage III/IV congestive heart failure
and or known left ventricular ejection fraction <40%

5) Cardiovascular events including myocardial infarction and unstable
angina within the past 6 months

6) Acute kidney injury

7) History of renal transplant

8) Anaemia with haemoglobin <10 g/dl

9) Any other severe coexisting disease such as, but not limited to,
chronic liver disease, psychiatric disorders, malignancy

10) Repeated fasting blood sugar (FBS > 15 mmol/l)

11) Pregnant or lactating women

12) History of alcohol or drug abuse within the previous year

Table 2. Insulin adjustment during study period.

Pre-meal blood glucose (mmol/l) Action
<4 Reduce insulin dose by 2 units
4-17 Maintain current dose

>7 AND no hypoglycaemic episode Increase insulin dose by 2 units

The demographic data and baseline clinical character-
istics were tabulated in Table 3. Baseline and end of
study parameters between the two groups were tabulated
in Table 4. Table 5 revealed the intra-group changes of
parameters within each group.

There were 2 patients each group developed hypogly-
caemia (p = 1.00). There was no patient developed un-
controlled hyperglycaemia, diabetic ketoacidosis or hy-
perosmolar hyperglycaemic state in both groups.

4. Discussion

Saxagliptin, a new DPP-4 inhibitor has been evaluated in
initial therapy of type 2 DM both as a single agent and in
combination with other oral antidiabetic agents [18,
21-24]. It is currently available as a once daily oral
medication, usually dosed at 5 mg daily [18]. Saxagliptin
is rapidly and extensively absorbed after oral dosing and
can be taken with or without food. It is excreted by both
renal and hepatic pathways. In patients with renal dys-
function evidenced by a creatinine clearance of <50
mL/min, dose reduction to 2.5 mg daily is also recom-
mended [21]. A 4-hour HD session removed 23% of the
saxagliptin dose and therefore it should be taken follow-
ing HD [22].

Serial HbA ¢ measurements are the standard of care in
diabetic patients without renal failure. However, factors
such as the shorter red life span of red blood cells, iron
deficiency, recent transfusion, and use of erythropoietin-
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stimulating agents can cause underestimation of glucose
control in renal failure patients [23]. Despite these limi-
tations, the HbAlc level is considered a reasonable
measure of glycaemic control in ESRD [6].

Both groups had comparable baseline and end of study
HbAlc levels. The reductions of HbAlc were significant
in both groups. Barnett et al. reported greater reductions
in mean HbAlc from baseline to week 24 in the add-on
saxagliptin group compared to placebo group in a popu-
lation with normal kidney function [24]. Nowicki ef al. in
a subgroup of 36 ESRD patients treated with saxagliptin
+ insulin/OHA versus placebo + insulin/ OHA reported
similar reduction mean HbA 1c¢ between both groups [25].
Unlike our study, not all of the 36 patients were on insu-
lin.

Glycated fructosamine and albumin are other measures
of glycaemic control with some advantages over HbAlc
in dialysis patients. However, they are not readily avail-
able and can be affected by conditions that alter protein
metabolism, including ESRD [26-29]. Fructosamine was
chosen in this study as it reflects very recent (1 - 3 weeks)
glycaemic control, therefore potentially lessening the
confounding effect of shortened red cell survival or of
high red cell turnover seen with HbAlc levels. Fructo-
samiane levels were the same in between both groups at
baseline and at end of study period. Anyhow, we noted
that, the reduction of fructosamine levels were only sig-
nificant in add-on saxagliptin group and not in insulin
alone group. As fructosamine can detect shorter duration
control of glucose, we suggested that add-on saxagliptin
group had more persistent and less fluctuation of glucose
control compared to insulin only group.

There was no significant difference in FBS in between
the groups. Anyhow, we noted that there was a trend of
lower FBS in add-on saxagliptin group. Barnett et al.
showed not statistically significant reduction of serum
FBS in the add-on saxagliptin group compared to pla-
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Table 3. Comparison of baseline demographic and clinical characteristics between both study groups.

Insulin only Add-on saxagliptin to insulin p value

Age (in years) 61 (53.75 - 66) 68 (54.5-72) 0.287
Gender(male:female) 8:4 6:6 0.68

Race
(Malay:Chinese:Indian) 8:4:0 9:1:2 0.173
BMI (kg/m?) 25.5(23.4-28.6) 25(20.7 - 30.8) 0.619
Baseline Co-Morbidities (%)

Hypertension 11 (92.3%) 12 (100%) 1.00
Dyslipidaemia 12 (100%) 11 (92.3%) 1.00
Cerebrovascular disease 3 (25%) 4 (33.3%) 1.00
Ischaemic heart disease 1(8.3%) 2 (16.7%) 1.00
SBP (mmHg) 141.5 (129 - 154.3) 141 (129.5 - 149.5) 1.00
DBP (mmHg) 75.5 (68.3 - 82.5) 65 (60 - 82.8) 0.16

Data are expressed as median (IQR). IQR = interquartile range; BMI: Body Mass Index; SBP: Systolic blood pressure; DBP: Diastolic blood pres-

sure.

Table 4. Baseline and end of study parameters.

Baseline End of study
Characteristic
Insulin only Add-on saxagliptin p value Insulin only Add-on saxagliptin p value

HbAlc (%) 8.85 (7.1 - 10.3) 8.45 (7.5 - 10.5) 1.00 7.20 (5.90 - 8.70) 7.00 (5.80 - 8.50) 0.56

F “Efltr‘r’li%me 420 (366 - 487) 482 (416 - 592.3) 0.104 366 (324 - 410) 395 (351 - 431) 0.33

Fasting blood sugar 12.6 (10 - 15.7) 12.6 (7.9 - 19.4) 0.976 8.60 (6.93 - 13.58) 7.40 (5.50 - 10.40) 0.43

(mmol/l)

Mean SMBG,

(amol/]) 11.3(8.2-12.7) 114 (8.5 - 14) 0799 8.10 (6.83 - 10.40) 8.50 (7.30 - 9.70) 0.97
Hae(r;’/‘;ng;’bm 11.95 (11.2 - 13.4) 11.9 (10.9 - 12.3) 041 11.1 (104 - 12.3) 12.1 (10.0 - 13.3) 0.39
Albumin (g/L) 41 (38.3 - 43.8) 40.5 (38.3 - 44.3) 1.00 40.0 (38.3 - 42.5) 42.0 (40.0 - 46.0) 0.12

Insulin requirement
(onityday 42 (28.5 - 44) 30 21 -37.5) 0.128 44.0 (30.0 - 58.0) 32.0 (24.0 - 36.0) 0.40
Data are expressed as median (IQR). IQR = interquartile range.
Table 5. Parameterswithin each group.
Basdine Week 2 Week 4 Week 8 Week 12 p value
Insulin only
HbATc o 8.85(7.1-10.3) 8.15(6.63-10.53)  8.05(7.13-9.13)  7.20(5.90-8.70)  0.046
0 Ol
) Sa";g;iﬁ’itr‘ln 0 §45(7.5-105) 7.6 (6.38 - 8.83) 8(733-9.1)  7.00(5.80-850)  0.001
Insulin only
Fructosamine Addon 420 (366 -487)  416.0 (378.8 - 464.8) 394.5(350.3 -441.3) 410 (360-473) 366 (324 - 410) 0.092
(umol/l) Sa"ffsll‘fl’itr‘l“ 0 480 (416-5923) 425.5(383.3-504.8) 454.5(376.5-475.5) 444 (374-465) 395 (351 -431) 0.004
Insulin only
FBS Adon 126 (10-15.7)  8.85(7.1-12.9) 98(56-132)  9.05(79-12.1) 8.60(6.93-13.58)  0.856
(mmol/l) Sa";“fl‘lll’iin 0 126(79-194)  105(69-11.8) 8.8(6.9 - 12.4) 94(68-129)  7.40(5.50-1040)  0.097
Insulin only
Mean SMBG Addon 113 (82-12.7) o 84(79-114) 8.05(8-12.6)  8.10(6.83-1040)  0.045
(mmol/l) Sa";gsll‘fl’itrlln 1148514 o 9.4 (8.4-11.8) 102 (8.5-10.8)  8.50(7.30-9.70)  0.025
Insulin lniﬁ‘d“_(‘)’;‘ly 42 (28.5 - 44) 46 (30 - 49.5) 44 (30 - 56) 42(30-55.5)  44.0(30.0-58.0)  <0.001
requirement Saxagliptin to
(unit/day) i fs ull’in 30 (21 -37.5) 32(28.5 - 46) 32 (26 - 45) 33 (26 - 45) 32.0(24.0-36.0)  0.039
Data are expressed as median (IQR). IQR = interquartile range .
Copyright © 2013 SciRes. OJNeph
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cebo in apopulation of patients with normal kidney func-
tion [23]. Nowicki et al. reported an increment of ad-
justed mean FBS from baseline to week 12 for the
saxagliptin group, though the difference was not statisti-
cally significant [24]. Although, there was no statistical
reduction, we believed there was a possible clinical
benefit in add-on saxagliptin group with reduction of
median FBS from 12.6 to 7.4 mmol/I.

Both groups had comparable baseline and end of study
SMBG. Both groups also showed significantly lower
SMBG at the end of study period.

There were statistically significant increments of insu-
lin requirement in both groups. This was necessary to
prevent hyperglycaemia as majority of the patients had
suboptimal glycaemic control on randomization. There
was also possible bias as the investigators were not
blinded. However, bias was minimized as the insulin
dose titration was to follow strict insulin schedule to ad-
here. Nevertheless, there were no significant differences
in insulin increment in between groups and therefore it
did not interfere with the efficacy results.

The incidence of hypoglycaemia was the same in both
groups. There was no patient had severe hypoglycaemia
which required other persons or medical assistance for
administration of glucose. The most common adverse
reactions reported in of saxagliptin- treated patients were
upper respiratory tract infection, headache, nasopharyn-
gitis and urinary tract infection [18,30,31]. Analysis of
pooled data also showed no significant weight gain or
effect on lipid profile compared to placebo [18,30-33].

The strength of this study relies on its prospective and
randomized controlled trial producing homogenous
population of type 2 DM on regular HD. However, this
study involved a small size and relatively short duration
of study period and therefore we may underestimate the
safety and tolerability profile. A larger and longer dura-
tion of study may provide answers to its safety and tol-
erability among our HD patients in the future.

5. Conclusion

As a conclusion, add-on saxagliptin to insulin is compa-
rable to insulin therapy alone in blood sugar control in
regular haemodialysis patients and is safe and generally
well tolerated. Add-on saxagliptin group may have more
persistent and less fluctuation of glucose control com-
pared to insulin only group. Thus, saxagliptin may have
an important role in the treatment of type 2 DM patients
on HD.
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