Clinical Therapeutics/Volume 41, Number 10, 2019

Insulin Glargine U100 Improved Glycemic Control -

and Reduced Nocturnal Hypoglycemia in Patients

Check for
updates

with Type 2 Diabetes Mellitus and Chronic Kidney

Disease Stages 3 and 4

Carolina C. Betonico, MD'; Silvia Maria O. Titan, MD, PhD?;

Aécio Lira, MD'; Tatiana S. Pelaes, MD';

Maria Lucia C. Correa-Giannella, MD, PhD?; Marcia Nery, MD, PhD'; and

Maércia Queiroz, MD, PhD'

'Endocrinology Division, Internal Medicine Department, Hospital das Clinicas Faculdade de
Medicina, Universidade Sao Paulo, Sao Paulo, Brazil; 2Nephro/ogy Division, Internal Med-
icine Department, Hospital das Clinicas Faculdade de Medicina, Universidade Sao Paulo, Sao
Paulo, Brazil; and >Laboratory of Carbohydrates and Radioimmunoassays (LIM-18), Disci-
pline of Endocrinology and Metabolism, Faculdade de Medicina, Universidade Sao Paulo, Sao

Paulo, Brazil

ABSTRACT

Purpose: Glycemic control in patients with chronic
kidney disease (CKD) is particularly hard to achieve
because of a slower insulin degradation by the
kidney. It might modify the long-acting insulin
analogue pharmacokinetics, increasing its
time—action and the risk of hypoglycemia. However,
because this insulin has no peak action, it might be a
more tolerable approach to patients with CKD. This
hypothesis remains to be tested, because no study has
thus far examined the efficacy and safety profile of
long-acting basal analogues in patients with
significant loss of renal function. The purpose of this
study was to compare the glycemic response to
treatment with glargine U100 or neutral protamine
Hagedorn (NPH) insulin in patients with type 2
diabetes mellitus (T2DM) and CKD stages 3 and 4.

Methods: Thirty-four patients were randomly
assigned to glargine U100 or NPH insulin after a 2-
way crossover open-label design. The primary end
point was the difference in glycosylated hemoglobin
(HbA1.) and in the number of hypoglycemic events
between weeks 1 and 24, whereas secondary end
points included changes in glycemic patterns, weight
and body mass index, and total daily dose of insulin.
HbA . was determined by ion-exchange HPLC, and
hypoglycemia was defined as glucose concentration
of 54 mg/dL (3.0 mmol/L) detected by self-
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monitoring of plasma glucose or continuous glucose
monitoring.

Findings: After 24 weeks, mean HbA . decreased
on glargine U100 treatment (-0.91%; P < 0.001),
but this benefit was not observed for NPH (0.23%;
P = 0.93). Moreover, incidence of nocturnal
hypoglycemia was 3 times lower with glargine than
with NPH insulin (P = 0.047).

Implications: Our found that
glargine U100 could be effective, once it improved
glycemic control, reducing HbA;. with fewer
nocturnal hypoglycemia episodes compared with
NPH insulin in this population. These clinical
benefits justify the use of basal insulin analogues,
despite their high cost to treat patients with T2DM
and CKD stages 3 and 4. Clinical Trials identifier:
NCT02451917. (Clin Ther. 2019;41:2008—2020) ©
2019 Published by Elsevier Inc.

Key words: basal insulin analogue, chronic kidney
disease, hypoglycemia, insulin therapy, type 2 diabetes
mellitus.
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INTRODUCTION

Insulin resistance is the primary pathogenic insult
related to type 2 diabetes mellitus (T2DM), although
changes in B-cell function are decisive for the onset of
frank diabetes and its progression. Over time B cells
become refractory to glucose, even though they
continue to secrete supraphysiologic amounts of
insulin, and a relative insulin deficiency develops,
worsening  the  hyperglycemia.  The
progression is associated with a deterioration of the
secretory capacity of the B cell, in terms of maximum
response, pulsatility, and plasma insulin level.!
Afterward, an absolute insulin deficiency develops,
and eventually B cells become unresponsive to
interventions aimed at improving their function, such
as insulin secretagogue therapy. By this point,
multiple oral agents used in combination or
exogenous insulin are needed to achieve adequate
glucose control in these insulinopenic patients with
T2DM.! The United Kingdom Prospective Diabetes
Study identified a linear overall failure rate of ~7%
per year in all treatment groups.”

Diabetic kidney disease is one of the most frequent
microvascular complications related to DM and is the
leading cause of end-stage renal disease.” The
kidneys play an important role in the regulation of
glucose homeostasis, because they release significant
amounts of glucose in the postabsorptive state, and
they are responsible for approximately one-third of
insulin degradation,”’ Moreover, the progressive
loss of kidney function, and its consequent reduction
in parenchyma and blood flow, has been associated
with a lower capacity of renal glucose release, drug
metabolism, and excretion and insulin extraction,
resulting in a prolonged half-life of some oral
antihyperglycemic agents and insulin, besides an
impaired response to hypoglycemia.”®®” The dose of
several antidiabetic drugs should be reduced with
glomerular filtration rate (GFR) < 45 mL/min, and
some of them are contraindicated when renal
function falls <30 mL/min.'%!" This dose adjustment
could not be enough to cover glycemic excursion in
individuals with long-term diabetes and diminished -
cell secretory capacity; thus full insulin therapy will
be necessary to achieve adequate glucose control.
Furthermore, according to progression of chronic
kidney disease (CKD) there are changes in insulin
signaling, glucose transport, and metabolism related
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to accumulation of uremic toxins, inflammatory
factors, oxidative stress, and vitamin D deficiency,
inducing insulin resistance and poor response of
target tissues. !> 14

Since 2004, long-acting modified versions of human
insulin (insulin analogues) have been approved to
control glycemia in patients with diabetes. In the past
years, several studies were conducted to improve
understanding of
pharmacokinetics, pharmacodynamics, and safety
profile of insulin analogues in specific patient
subgroups such as children, the elderly, and pregnant
women, but little attention has been directed to the
CKD population. The
degradation by the kidney might modify the long-
acting insulin analogue pharmacokinetics, increasing
its time—action and the risk of hypoglycemia.
Nonetheless, because this insulin has no peak action,
it might be a more tolerable approach for patients
with CKD compared with intermediate-acting insulin,
such as neutral protamine Hagedorn (NPH) insulin.
This hypothesis remains to be tested, because no
study has thus far examined the efficacy and safety
profile of long-acting basal analogues in insulinopenic
patients with T2DM, exclusively on insulin therapy,
and with significant loss of renal function, regarding
the risk of hypoglycemia and appropriate adjustment
of insulin dose based on creatinine clearance.®” !>~ !/

Taking into account this gap in diabetes
management in individuals with CKD, the purpose of
this randomized open-label crossover study was to
compare the efficacy and safety profile of a long-
acting insulin analogue (glargine U100) and NPH
insulin in patients with T2DM and CKD stages 3
and 4. The primary end point was the difference in
glycated hemoglobin (HbA1.) levels and the number
of hypoglycemic events.

insulin analogues’

reduction of insulin

PATIENTS AND METHODS

This was a randomized, 2-way, crossover, open-label
study conducted at the diabetic nephropathy
outpatient clinic, Hospital das Clinicas, Faculdade de
Medicina, Universidade Sao Paulo (HCFMUSP),
under Clinical Trials identifier NCT02451917.

Inclusion and Exclusion Criteria

Inclusion criteria were (1) adult individuals with
T2DM aged >40 years; (2) CKD stages 3 and 4,
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defined by an estimated GFR >15 and < 60 mL/min/
1.73 m?; (3) use of basal bolus insulin at least 3
months before the study, NPH as basal insulin and
regular insulin at meals. Exclusion criteria were (1)
other causes of kidney failure which were considered
in the presence of any of the following
circumstances: absence of diabetic retinopathy, low
or rapidly decreasing GFR, rapidly increasing
proteinuria or nephrotic syndrome, refractory
hypertension, presence of active urinary sediment,
signs or symptoms of other systemic disease, or
>30% reduction in GFR within 2—3 months after
initiation of angiotensin converting enzyme inhibitors
or angiotensin receptor blockers; (2) wuse of
concomitant oral antidiabetic or antihyperglycemic
drugs with insulin therapy; (3) pregnancy or
breastfeeding; (4) previous or current diagnosis of
neoplasia; (5) HIV infection; and (6) coexistence of
psychiatric disorders.

The Institutional Review Board from the Hospital
das Clinicas approved this study, which was
conducted in accordance with the ethical principles of
the Declaration of Helsinki. All participants provided
a signed, informed consent.
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Randomization and Treatments

A team of physicians (C.C.B., SM.O.T., AL,
T.S.P., and M.Q.) were responsible for enrolling and
assigning participants to interventions.
Randomization was stratified by the HbA 1. value at
baseline: <9.0% or >9.0% (75 mmol/mol), in a 1:1
ratio, and the individuals who met all inclusion
criteria were allocated alternately to either an IGlar
or an INPH treatment. After 24 weeks, basal insulins
were switched, patients taking IGlar were transferred
to receive INPH (IGlar/INPH sequence), whereas
patients using INPH in the first phase switched to
IGlar (INPH/IGlar sequence). In this way, all patients
were treated with the 2 types of basal insulin
evaluated in the study, varying only the prescription
sequence of each one. IGlar refers to insulin glargine
U100,* whereas INPH refers to NPH insulin.’
Figure 1 shows the schematic flowchart of the study.

The initial insulin dose for patients randomly
assigned to IGlar was 80% of the total daily NPH

* Trademark: Lantus (Sanofi-Aventis, Sao Paulo, Brazil).

T Trademark: Humulin N (Lilly, Sao Paulo, Brazil).

Volume 41 Number 10



dose that was being discontinued, as recommended in
the package insert by the manufacturer and by
several guidelines,'® 2" whereas the same NPH
insulin dose and schedule was maintained for patients
randomly assigned to INPH. Short-acting insulin
analogues were used instead of regular insulin to
minimize postprandial glucose excursions, mimicking
more closely a normal postprandial physiologic
profile; for this reason, pre-prandial regular insulin’
was switched to Lispro insulin’ in both groups at the
same dose as in use previously. Patients performed
self-monitoring of blood glucose (SMBG), at 8 points
per day once a week, which was used to adjust the
insulin dose and also to identify hypoglycemic
episodes. Basal insulin dose titration (glargine U100
and NPH) were guided by nocturnal and premeal
SMBG, targeting values < 120 mg/dL (<6.6 mmol/L).
The adjustment of lispro insulin was performed based
on SMBG levels 2 h after the meal to reach
values < 180 mg/dL (<10.0 mmol/L). This dose
titration occurred in each treatment arm, during the
outpatient clinic visit at 1, 4, 12, and 24 weeks.
When basal insulins were switched, an ongoing
prescription of lispro insulin was kept.

Study End Points and Assessments

The primary end point was the difference in HbA 1,
levels and the number of hypoglycemic events between
weeks 1 and 24 of each treatment arm. HbA 1. (normal
range, 4%—6% or 20—42 mmol/mol) was determined
in whole blood wusing ion-exchange HPLC.
Hypoglycemia was defined as glucose concentration
levels of 54 mg/dL (3.0 mmol/L) detected by self-
monitoring of plasma glucose or continuous glucose
monitoring (CGM; for at least 20 min), according to
the International Hypoglycemia Study Group
recommendations. Otherwise, hypoglycemia was
classified as severe when it resulted in stupor, seizure,
or unconsciousness that precluded self-treatment,
thus requiring the assistance of another individual.”!
Nocturnal events were defined as SMBG <70 mg/dL
(3.9 mmol/L) occurring after midnight and before
wake-up in the morning,”” whereas values of CGM
were not used for this proposal. Prespecified

I Trademark: Humulin R (Lilly, Sao Paulo, Brazil).

§ Trademark: Humalog (Lilly, Sao Paulo, Brazil).
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secondary end points included changes in glycemic
patterns as defined later in this paragraph, weight
and body mass index (BMI), and total daily dose of
insulin.  Participants wore a blinded CGM
(Medtronic/MiniMed, Northridge, Calif) for 3 days
before crossover and at the end of the study period
to compare variability in interstitial glucose levels for
both basal insulin therapies. The accuracy of CGM
was confirmed by independently measuring plasma
glucose using SMBG. Within-day glycemic variability
(GV) was described using SD around the derived
mean glucose concentration values obtained from
CGM data. The equation suggested by Monnier
et al”> [Log (number of hypoglycemic events):
1.37 - (0.72 x mean 48-h concentration)
+ (1.33 x SD)] was used for predicting the number of
hypoglycemic events per person during the IGlar and
INPH treatment. According to these researchers, the
risk of asymptomatic hypoglycemia is higher with
increasing GV and decreases with increasing mean
glucose concentration values over the test period.
Changes in glycemic patterns were expressed by the
time spent in hypoglycemia (<70 mg/dL or
<3.9 mmol/L), hyperglycemia (>180 mg/dL or
>10 mmol/L), and euglycemia (70—180 mg/dL or
3.9—10 mmol/L). Weight and BMI were evaluated at
baseline and at 24 weeks in each treatment sequence.
Likewise, total daily dose of insulin was calculated
and presented as units per kilogram per day.

Clinical laboratory and blood biochemical analysis
were performed using commercial kits, as part of the
routine assessment after overnight fasting, at the
Divisdo de Laboratério Central, HCFMUSP.

Sample Size Calculation and Statistical Analysis

A sample size of 34 participants provided 90%
power to detect a mean difference of 0.7%
(7.7 mmol/mol) in the primary end point (HbAj),
considering a 15% dropout rate and assuming a SD
of 0.85% and a type I error of 5%. The intention-to-
treat (ITT) population consisted of all randomly
assigned participants, irrespective of their compliance
with the planned course of treatment or deviations
from the protocol. Test for data normality
(Kolmogorov—Smirnov statistics) was performed at
baseline for each sequence of the therapy, indicating
adequate randomization. To analyze the proposed
variables, we grouped all data obtained according to
the type of basal insulin IGlar or INPH, regardless of
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its sequence in the prescription. Primary and
continuous secondary efficacy end points were
assessed using an ANOVA one-way model and
Tukey's test. The ¢ test was applied to compare
percentages of the time spent in hypoglycemia,
hyperglycemia, and euglycemia on CGM readings.
Analyses were performed in the ITT population. All
statistical analyses were performed with the R Project
for Statistical Computing program version 3.2.5 (R
Core Team 2016), and P values < 0.05 were
considered statistically significant.

Recruitment and Baseline Characteristics
Flowchart of recruitment and drop-offs are shown
in Figure 2. From December 2013 to July 2014, 193
individuals were screened at the diabetic nephropathy
outpatient clinic. Fifty-one of them had GFR
>60 mL/min/1.73 m?, and the other 102 patients did
not fill the inclusion criteria, mostly by not using

basal bolus insulin therapy before the randomization
period. Forty remaining individuals were first
contacted, but only 35 of them agreed to sign the
informed consent; afterward 1 patient gave up before
being randomly assigned to treatment. Therefore,
from August 2014 to August 2016, 16 patients were
randomly assigned to the IGlar/INPH sequence and
18 to the INPH/IGlar sequence. Three participants
(6.3%) discontinued the study; 1 patient died of
acute pulmonary edema, another patient had an
acute myocardial infarction, and 1 patient underwent
hemodialysis. The other 2 patients were excluded for
nonadherence to the protocol; therefore, 29 patients
completed both treatment sequences.

RESULTS

The patients randomly assigned to IGlar or INPH had
similar age, duration of diabetes, estimated GFR, and
insulin dosage (Table I). The sequence allocation and

Participants excluded Participants filled
due to > Patients Screened at Outpatients Clinic of < other exclusion
GFR>60mL/min/1.73m? |~ DKD (n = 193) = criterias
(n=51) \ll (n=102)
Participants eligible
for the study
(n = 40)
Participants Y 53
withdrawn Participants signed Participants
after receiving written consent —_— wuthd(;awr_l b?fore
treatment (n = 35) fancomZaion
(n=95) (n=1)
y
Participants
HD AMI NC Death completing treatment
n=nllo=Dfc=2)]l n=1 (n = 29)

Figure 2. Flow of patients listed for the 2-way crossover study and the randomization to insulin glargine U100
(IGlar)/insulin neutral protamine Hagedorn (NPH; INPH) or INPH/IGlar treatment sequence.
AMI = acute myocardial infarction; DKD = diabetic kidney disease; GFR = glomerular filtration rate;

HD = hemodialysis; NC = noncompliance.
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Table I.

Characteristic IGlar (n =
Male 12 (75)
Female 4 (25)
Age, years 63 [7.0]
Duration of diabetes, years 19 [11.6]
Previous AMI, % 6 [37.5]
SBP, mmHg 147 [22]
DBP, mmHg 79 [12]
BMI, kg/m? 28.6 [4.8]
eGFR, mL/min/1.73 m? 25.1 [8.1]
Creatinine, mg/dL 2.6 [0.7]
Glycosylated hemoglbin, % 8.9 [1.3]
Total cholesterol, mg/dL 175 [56]
HDL cholesterol, mg/dL 41 [11]
Triglycerides, mg/dL 173 [80]
LDL cholesterol, mg/dL 103 [47]
Insulin dosage, Ul/kg/d 0.64 [0.26]

C.C. Betonico et al.

Baseline demographic characteristics and characteristics of intention-to-treat population.

INPH (n = 18) p*
11 (61) 0.996
7 (39) 0.996
60 [8.7] 0.827
19 [7.0] 0.882

5[27.8] 0.982
136 [18] 0.596
75 [13] 0.698
30.4 [4.3] 0.469
29.0 [9.8] 0.467
2.3 [0.6] 0.154
8.6 [1.1] 0.732
170 [62] 0.134
40 [14] 0.905
167 [90] 0.327
94 [40] 0.827
0.64 [0.25] 0.884

Data are presented as n (%) or mean [SD]. All data are for intention-to-treat population, and it comprised 34 participants

randomly assigned after filling the written consent.

AMI = acute myocardial infarction; BMI = body mass index; DBP = diastolic blood pressure; eGFR = estimated glomerular
filtration rate; IGlar = insulin glargine U100; INPH = insulin neutral protamine Hagedorn (NPH); SBP = systolic blood

pressure.

* Kolmogorov—Smirnov statistic-test was performed at baseline for each sequence of the therapy.

study periods had no effect on the primary end point in
the ANOVA model (P = 0.878 and P = 0.198,
respectively).

After 24 weeks of treatment, the mean HbA . level
declined from 8.86% [1.4%] to 7.95% [1.1%] (72.7
[15.4] mmol/mol to 62.8 [12] mmol/mol) during the
IGlar treatment, whereas an increase from 8.21%
[1.3%] to 8.44% [1.3%] (66.2 [14.2] mmol/mol to
69.4 [14.2] mmol/mol) occurred during the INPH
therapy, and this difference between therapies
reached significance with P = 0.0285 (Figure 3). The
A HbA . between treatment arms for insulin glargine
and NPH treatment were -0.91% (P < 0.001) and
0.23% (P = 0.93), respectively. Data regarding the
ITT analyses kept statistical significance (P = 0.039).

CGM was recorded during 3 days for all participants
at the end of both treatment branches, except for 5 of
them, because of unfamiliarity with mechanical
procedures or visual impairment. The within-day GV
was similar for both therapies; in other words, during
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the IGlar treatment mean SD was 49 mg/dL or
2.72  mmol/L  (range, 31-94 mg/dL or
1.72—5.22 mmol/L), and for INPH the mean SD was
51 mg/dL or 2.83 mmol/L (range, 15—78 mg/dL or
0.83—4.33 mmol/L). The average daily time spent in
hyperglycemia was lower with the IGlar treatment than
with the INPH therapy (30% and 38%, respectively;
P < 0.05) (Figure 4). No statistical difference was found
on risk of asymptomatic hypoglycemia between 1Glar
and INPH (P = 0.54) using Monnier's suggested
equation based on GCM data.

The same trend was observed with the total number of
hypoglycemic events per patient, which was lower during
IGlar than during INPH (4.9 versus 6.3 events/patient,
respectively), although this did not reach statistical
significance (P = 0.35) (Figure 5A). Likewise, the
number of hypoglycemia events <50 mg/dL (2.7 mmol/
L) was lower during IGlar (0.7 events/patient) than
during INPH (1.03 events/patient; P = 0.496)
(Figure 5B). No difference was found regarding the
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Figure 3. Result of glycosylated hemoglobin (HbA;.) during treatment with glargine U100 and neutral prot-
amine Hagedorn (NPH) insulin at baseline and after 12 and 24 weeks of treatment. Data are pre-
sented as mean [SD]. O = HbA, of each patient on glargine U100 insulin; + = HbA;_ of each patient
on NPH insulin; — = mean of HbA. during glargine U100 treatment, —— = mean of HbA. during
NHP insulin treatment; shaded gray area = SD of HbA;. during glargine U100 treatment; shaded
light gray area = SD of HbA. during NHP insulin treatment.

number of hypoglycemic episodes evaluated right after
the protocol started (1 week) and the same period after
crossover with insulin switch (P = 0.32). Moreover, 2
participants (6.25%) experienced severe hypoglycemia
during the use of NPH insulin, whereas these events
were not observed during the use of IGlar therapy
(Figure 5C). The incidence of nocturnal hypoglycemia
was 3 times lower with IGlar (0.5 events/patient) than
with INPH (1.5 events/patient; P = 0.047) (Figure 5D).
There was a weight gain in both therapies, with an
increment in BMI from 29.7 to 30.0 kg/m? during
insulin glargine treatment and from 30.0 to 30.4 kg/
m? for NPH insulin (P = 0.99). Insulin doses were
similar at the 24th week, both for basal insulin (0.31
[0.13] U of IGlar and 0.34 [0.15] U of INPH;
P = 0.45) and total daily dose (0.64 U/kg; P = 0.66).
Likewise, general laboratory tests and other
biochemical analyzes, such as GFR, serum creatinine,
blood urea nitrogen, calcium, parathormone, plasma

2014

lipids, and blood cell count, did not reach statistical
difference between the therapies (Table II).

DISCUSSION

This open-label, randomized, 2-way crossover study
clearly indicates a benefit of glargine U100 insulin
over the NPH insulin in participants with T2DM and
kidney disease stages 3 and 4. This proposition is
based on a significant decrease in HbAj;. and a
concurrent reduction in the nocturnal hypoglycemic
events with the use of glargine U100 insulin as basal
insulin for 24 weeks. Even considering the complex
relationship between HbA 1. and glycemia in patients
with CKD, because of a larger variability in
hemoglobin, inflammation, and nutritional status
with advancing uremia,”* HbA;. continues being the
preferential laboratory variable to evaluate glycemic
control in this population. Our results found a
statistical significance in A HbA. between insulin

Volume 41 Number 10
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Figure 4. The average daily time spent in hyperglycemia, euglycemia, and hypoglycemia, according to contin-
uous glucose monitoring records. Data are presented as mean; n = 24 patients; P < 0.05 determined
by the Student t test. IGlar = insulin glargine U100; INPH = insulin neutral protamine Hagedorn

(NPH).

glargine U100 and NPH treatment (P < 0.001), which
was kept with ITT analyses (P = 0.039). This HbA .
reduction during insulin glargine U100 treatment was
also accompanied by an improvement in the
secondary end points such as a decrease in time spent
in hyperglycemia and lower GV. Moreover, the
results of this clinical trial found 3 times fewer
nocturnal hypoglycemic events and no severe
episodes that required medical or another individual's
assistance during insulin glargine U100 therapy
(P = 0.047). Recently, Lipska et al*’ reported data
from a retrospective cohort study that indicated visits
to emergency medical or hospitalization for
hypoglycemia did not differ significantly between
patients who started basal insulin analogues and
NPH insulin. These results have brought to the
discussion the need for studies to investigate the
relative clinical benefits of basal insulin analogues,
clearly and convincingly to justify their high cost.
The confluence of several factors alter the regulation
of glycemic homeostasis associated with slower
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insulin degradation and may contribute to an
of hypoglycemia, making this
complication a significant threat to CKD patient
safety.”?®?” Thus, an insulin excess related to peak
time of NPH insulin of 6—10 h after subcutaneous
injection in the presence of decline of renal function
could justify the severe hypoglycemia experienced by
2 participants during INPH therapy. Nocturnal
hypoglycemia is particularly dangerous because
several clinical trials reported its tight relationship
with cardiovascular events and also with sudden
nocturnal death in diabetic individuals.”** " A large
retrospective cohort analysis of 243,222 patients at
the Veterans Health Administration concluded that
CKD itself represents a risk for hypoglycemia and
that it is more frequently reported in patients with
T2DM and kidney impairment.’! The results of the
DEVOTE study (Trial Comparing Cardiovascular
Safety of Insulin Degludec versus Insulin Glargine in
Patients with Type 2 Diabetes at High Risk of
Cardiovascular Events) found an association between

increased  risk
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Figure 5. (A) Total number of hypoglycemic events per patient during glargine and neutral protamine Hagedorn
(NPH) insulin treatments. (B) Hypoglycemia <50 mg/dL events per patient during glargine and NPH
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ments. (D) Nocturnal hypoglycemia events per patient during glargine and NPH insulin treatments. P
values were determined by the ANOVA test. IGlar = insulin glargine U100; INPH = insulin NPH.

severe hypoglycemia and all-cause mortality.>” Besides,
patients who experienced severe hypoglycemia were
particularly at greater risk of death in the short term
after the hypoglycemic episode.

It is known that diabetes may be present for many
years before its diagnosis, justifying a higher
proportion of individuals with T2DM with evident
nephropathy soon after their diagnosis of diabetes.
Moreover, ~20% of patients with T2DM will
progress to end-stage renal disease within 20 years
after the initial diagnosis of nephropathy.’® Over the
years, there is a deterioration the secretory capacity
of B cells, and frequently the combination of different
classes of oral antidiabetic agents and exogenous
insulin is necessary to achieve adequate glucose
control.! However, almost all medications available
to treat hyperglycemia need to have their dosages
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adjusted when GFR becomes <45 mL/min/1.73 m?>."!
Taking this into consideration, it is possible to
assume that the patients enrolled in this protocol are
insulinopenic, because they have long-term diabetes
(19 [9.7] years). In this case, the adjustment of
antidiabetic medications proposed, in the face of
renal impairment, is not enough to keep diabetes
under control, and insulin is the most effective
therapy for achieving glycemic goals. Therefore, this
protocol included only patients with on-going
treatment with basal bolus insulin therapy, without
association with antidiabetic drugs, to avoid possible
interferences in the analyzed outcomes. The results
hereby  presented contribute to the  better
understanding of the insulin requirement of patients
with CKD. Because we observed no significant
difference between glargine U100 and NPH insulin

Volume 41 Number 10
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Table Il. General laboratory tests and other biochemical analyses of intention-to-treat population.

Variable IGlar (n = 29) INPH (n = 29) p*

Creatinine, mg/dL

Basal 2.410.7] 2.5[0.7] 0.998
12 weeks 2.6 [0.9] 2.4 [1.0] 0.994
24 weeks 2.6 [0.8] 2.6 [1.0] 0.999
Slope of Cr (24 weeks — basal) 0.2 0.1
Estimated glomerular filtration rate, mL/min/1.7 m?
Basal 28.0 [9.6] 27.4[9.1] 0.997
12 weeks 27.0 [9.8] 28.2 [9.2] 0.992
24 weeks 26.9 [10.0] 25.6 [9.7] 0.994
Delta eGFR (24 weeks — basal) 1.1 1.8
Blood urea nitrogen, mg/dL
Basal 84 [30] 87.8 [33.8] 0.996
12 weeks 92 [36] 80.9 [24.7] 0.697
24 weeks 87 [26] 85.2 [27.0] 0.999
Serum total calcium, mg/dL
Basal 9.4 [0.5] 9.3 [0.6] 0.992
2 weeks 9.3 [0.6] 9.3 [0.5] 0.995
24 weeks 9.2 [0.5] 9.2 [0.5] 0.999
Parathormone, mg/dL
Basal 102.8 [54.2] 114.9 [81.1] 0.984
12 weeks 117.1 [85.3] 112.1 [81.9] 0.999
24 weeks 120.7 [80.3] 136.4 [118.4] 0.971
Red blood cell count, mg/dL
Basal 12.8 [1.8] 12.8 [1.8] 0.988
12 weeks 13.0 [1.8] 12.8 [1.9] 0.991
24 weeks 13.1 [1.7] 12.9 [1.9] 0.791

Data are presented as mean [SD] unless otherwise indicated. All data are for intention-to-treat population, and it comprised 34

participants randomly assigned after filling the written consent.

IGlar = insulin glargine U100; INPH = insulin neutral protamine Hagedorn (NPH).

* Determined by ANOVA test.

" Determined by the Chronic Kidney Disease Epidemiology Collaboration.

doses at the 24th week of therapy, both groups
received the same proportion of basal bolus insulin
and similar amount of insulin per kilogram per day
(0.31 U of IGlar and 0.34 U of INPH). The use of
insulin glargine U100 was associated with a reduced
risk of nocturnal hypoglycemic events, and no severe
episodes required medical or another individual's
assistance. Probably our results are related to the
type of basal insulin prescribed, once this was not
associated with the reduction of insulin doses.
Previous studies evaluating the use of insulin glargine
U100 in patients with T2DM and preserved renal
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function have found divergent results, ranging from
better glycemic control to non-inferiority to NPH
insulin, similar values of HbA;.,>* 3’ and a clear
advantage of insulin glargine U100 over NPH insulin
in reducing nocturnal and overall hypoglycemia.”*"
Nevertheless, it is difficult to extrapolate these results
to a specific population such as patients with CKD
stages 3 and 4, because insulin metabolism and
degradation are modified by worsening renal
function, frequently requiring a lower insulin dose.
Some factors unrelated to glycemic control, and
common to CKD, might also influence HbA1, such
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as decreased erythropoiesis, caused by iron or vitamin
By» deficiency. However, progression to uremia is
associated with decreased insulin sensitivity of
peripheral tissues, worsening the hyperglycemia and
subsequently  affecting  HbA;.”®  Therefore,
laboratorial variables related to renal function, bone
metabolism, and anemia were analyzed, and they
remained stable; thus, other factors besides glycemic
control are unlikely to have influenced the HbA; .
evolution between the groups.

There was discrete weight gain, but BMI was the same
atthe end of each study arm, which is in accordance with
other studies involving patients with T2DM without
renal disease treated with insulin therapy.”®

Itis relevant to point out that this study was limited to a
specific population of insulinopenic patients with T2DM
on basal bolus insulin therapy and CKD stages 3 and 4;
hence, results should not be extrapolated to other
populations such as patients on dialysis or with initial
stages of CKD. Because our patients required
continuous treatment, we could not contemplate a
washout period or adopt a double-blind design, which
would be ideal to avoid a carry-on effect and biases.
Nevertheless, this study has favorable points because it
is the first randomized trial aimed to assess glycemic
control and hypoglycemia risk in a population with
diabetes and advanced kidney disease treated with long-
acting insulin analogues under basal bolus therapy. The
usual bias resulting from differences in education and
patient—health care provider interaction was prevented
by conducting this study in a single center, which may
also have contributed to reducing the number of
participants who missed follow-up appointments.

In the face of several new products and new
formulations of existing products recently approved
for the treatment of DM2,*”*" future studies should be
directed to better understand the pharmacokinetics of
these medications to promote better glycemic control
and reduction of adverse effects with adequate dose
adjustments according to renal function impairment,
principally of those drugs with longer duration such as
insulin regular U500 and insulin analogues lispro
U200, glargine U300, and degludec.

CONCLUSIONS

The treatment of patients with T2DM and CKD stages
3 and 4 with insulin glargine U100 could be effective
once it provided better glycemic control, reducing
HbA{. with fewer nocturnal hypoglycemia episodes

2018

compared with NPH insulin. These clinical benefits
justify the use of basal insulin analogues, despite their
high cost to treat this specific population.
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APPENDIX. CONSORT 2010 CHECKLIST OF INFORMATION TO INCLUDE WHEN REPORTING A
RANDOMISED TRIAL*

Section/Topic Item No Checklist item Reported on
page No
Title and abstract
Ta Identification as a randomised trial in the title 1
1b Structured summary of trial design, methods, 1

results, and conclusions(for specific
guidance see CONSORT for abstracts)
Introduction

Background and objectives 2a Scientific background and explanation of 3-4
rationale
2b Specific objectives or hypotheses 4
Methods
Trial design 3a Description of trial design (such as parallel, 4

factorial) including allocation ratio

3b Important changes to methods after trial 4
commencement (such as eligibility criteria),
with reasons

Participants 4a Eligibility criteria for participants 4
4b Settings and locations where the data were 4
collected
Interventions 5 The interventions for each group with sufficient 4-5

details to allow replication, including how

and when they were actually administered
Outcomes 6a Completely defined pre-specified primary and 4

secondary outcome measures, including

how and when they were assessed

6b Any changes to trial outcomes after the trial NO
commenced, with reasons
Sample size 7a How sample size was determined 6-7
7b When applicable, explanation of any interim

analyses and stopping guidelines
Randomisation:

Sequencegeneration 8a Method used to generate the random 4
allocation sequence
8b Type of randomisation; details of any 4
restriction (such as blocking and block size)
Allocationconceal 9 Mechanism used to implement the random 5
-mentmechanism allocation sequence (such as sequentially

numbered containers), describing any steps
taken to conceal the sequence until
interventions were assigned

(continued on next page)
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(Continued )

Section/Topic

Implementation

Blinding

Statistical methods

Results

Participant flow
(a diagram is strongly
recommended)

Recruitment

Baseline data

Numbers analysed

Outcomes and estimation

Ancillary analyses

Harms

2020.e2

ltem No

10

11b

12a

12b

13a

13b

14a

14b
15

16

17a

17b

18

19

Checklist item

Who generated the random allocation
sequence, who enrolled participants, and
who assigned participants to interventions

If done, who was blinded after assignment to
interventions (for example, participants, care
providers, those assessing outcomes) and
how

If relevant, description of the similarity of
interventions

Statistical methods used to compare groups
for primary and secondary outcomes

Methods for additional analyses, such as
subgroup analyses and adjusted analyses

For each group, the numbers of participants
who were randomly assigned, received
intended treatment, and were analysed for
the primary outcome

For each group, losses and exclusions after
randomisation,together with reasons

Dates defining the periods of recruitment and
follow-up

Why the trial ended or was stopped

A table showing baseline demographic and
clinical characteristics for each group

For each group, number of participants
(denominator) included in each analysis and
whether the analysis was by original assigned
groups

For each primary and secondary outcome,
results for each group, and the estimated
effect size and its precision (such as 95%
confidence interval)

For binary outcomes, presentation of both
absolute and relative effect sizes is
recommended

Results of any other analyses performed,
including subgroup analyses and adjusted
analyses, distinguishing pre-specified from
exploratory

All important harms or unintended effects in
each group(for specific guidance see
CONSORT for harms)

Reported on
page No

NO

6-7

6-7

8-9

no

7
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(Continued )
Section/Topic Item No Checklist item Reported on
page No
Discussion
Limitations 20 Trial limitations, addressing sources of 11
potential bias, imprecision, and, if relevant,
multiplicity of analyses
Generalisability 21 Generalisability (external validity, applicability) 11
of the trial findings
Interpretation 22 Interpretation consistent with results, 9-10-11
balancing benefits and harms, and
considering other relevant evidence
Other information NCT02451917Glargine
Registration 23 Registration number and name of trial Versus NPH in Patients
registry With Chronic Kidney
Disease
Protocol 24 Where the full trial protocol can be accessed, if NCT clinical trials
available
Funding 25 Sources of funding and other support (such as University of Sao Paulo

supply of drugs), role of funders

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and
Elaboration for important clarifications on all the items. If relevant, we also recommend reading CONSORT
extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments,
herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date
references relevant to this checklist, see www.consort-statement.org.
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