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Abstract

Background: Day-to-day variability impacts safety of insulin therapy and the choice

of monitoring strategies. Side-by-side comparisons of insulin formulations in diabetic

dogs are scarce.

Hypothesis/Objectives: Insulin glargine 300 U/mL (IGla300) and insulin degludec

(IDeg) are associated with less day-to-day glucose variability compared to porcine

lente (PL) in diabetic dogs.

Animals: Seven intact male purpose-bred beagles with toxin-induced diabetes.

Methods: In this repeated measured study, PL, IGla300 and IDeg were compared in

2 phases: once-daily (q24h) and twice-daily (q12h) administration. Interstitial glucose

concentrations (IG) were measured continuously throughout the study. For each formu-

lation, maximal q24h dose was determined using the same algorithm (while avoiding

hypoglycemia) and then maintained for 72 hours. In phase 2, 70% of the maximal q24h

dose was administered q12h and maintained for 5 days regardless of hypoglycemia.

Coefficient of variation (CV) and glycemic variability percentage (GVP) were calculated

to determine day-to-day and intraday variability, respectively.

Results: There was no difference in day-to-day variability between PL, IGla300, and

IDeg in the q24h phase. In the q12h phase, day-to-day variability was higher (P = .01)

for PL (CV = 42.6 ± 6.8%) compared to IGla300 and IDeg (CV = 30.1 ± 7.7%, 25.2

± 7.0%, respectively). The GVP of PL was lower (P = .02) compared to IGla300. There

was no difference between PL, IGla300 and IDeg in %time IG < 70 mg/dL.

Conclusions and Clinical Importance: Insulin degludec and IGla300 administered q12h

were associated with lower day-to-day variability, which might be advantageous in mini-

mizing monitoring requirements without increasing the risk of hypoglycemia.
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1 | INTRODUCTION

Diabetes mellitus (DM) is a common endocrinopathy affecting approx-

imately 0.3% to 0.6% of the canine population.1,2 Diabetic dogs

require life-saving exogenous insulin; however, this therapy can be

onerous to pets and their owners. In part, this is due to inconsistent

and insufficient duration of action of commonly used insulin formula-

tions, requiring more than 1 injection per day and careful monitoring.

In the past 20 years, human diabetology has shifted to using recombi-

nant insulin solutions that utilize structurally modified insulin to meet

specific pharmacodynamic needs. Basal insulin formulation is designed

to remain in solution ex vivo, achieve long duration with a peakless

profile (ie, minimal intraday variability) and have minimal day-to-day

variability.3 Low day-to-day variability is crucial in minimizing the fre-

quency of hypoglycemic events.3

Few studies have looked at the day-to-day variability of insulin in

dogs. In 1 study, substantial day-to-day variability was demonstrated

for porcine lente (PL) in diabetic dogs, affecting clinicians' ability to

safely make dose-adjustment recommendations based on serial glu-

cose measurements.4 Crystalline insulin suspensions such as PL are

associated with inherent day-to-day variability because the process of

resuspension is often inconsistent, leading to inaccurate dosing and

because of inconsistent breakdown of crystals of variable-size and

shape in the SC depot.3,5

Insulin glargine 300 U/mL (IGla300) is a recombinant-human insu-

lin analog in which 2 arginine residues are added to position B30.3

This allows glargine to remain in solution at a pH of 4.0 (as supplied)

and form stable hexamers in neutral pH when injected into the subcu-

taneous space. Recent studies in people have shown longer duration,

reduced day-to-day variability and lower frequency of hypoglycemia

for IGla300 compared with insulin glargine 100 U/mL.6-10 In dogs,

IGla300 had a relatively prolonged and peakless time-action profile;

however, interinjection variability was not assessed.11

Insulin degludec (IDeg) is a recombinant-human insulin analog

formed by replacing the amino-acid at the B30 position with

hexadecandioic acid. It forms stable di-hexamers in solution with phe-

nol and zinc but generates soluble multihexamers after subcutaneous

injection.12 The dissociation of these multihexamers into monomers is

slow and consistent, which helps reduce intra- and interday variabil-

ity.13 In people, IDeg reaches steady-state concentrations after a few

days of once-daily injections and can then be administered safely on a

“flexible schedule,” without compromising glycemic control.3 In dogs,

IDeg was demonstrated to have a peakless time action profile with a

duration of action greater than 20 hours.12

Side-by-side comparisons of insulin formulations in dogs are

scarce, despite considerable intersubject variability.11,14-17 The pri-

mary objective of this study was to compare side-by-side the day-to-

day variability of 3 insulin formulations: PL, IGla300, and IDeg. We

hypothesized that IGla300 and IDeg will be associated with less day-

to-day glucose variability compared to PL in diabetic dogs. Our sec-

ondary objective was to compare other measures of glycemic controls

such as mean glucose, frequency of low IG and intraday variability

between these formulations.

2 | MATERIALS AND METHODS

2.1 | General husbandry

Seven purpose-bred intact male beagles with streptozotocin-alloxan-

induced diabetes were included in this study. Induction of DM was

achieved as previously described18 at another institution as part of a dif-

ferent study which was approved by the institution's ethical committee.

Threemonths after completion of the study at the other institution, dogs

were transferred to the University of California, Davis. All procedures

performed at the University of California, Davis on these dogs were

approved by the Institutional Animal Care and Use Committee (IACUC

protocol # 20539). Dogs were housed individually in a facility approved

by AALAC (Assessment and Accreditation of Laboratory Animal Care)

with free access to drinking water and supervised access to outdoor play

pens. Prior to the study, dogs were treated with PL. During the study,

dogs were treated with the 3 study insulin formulations with no other

intervention other than routine healthcare preventatives including

anthelmintic medications and standard antiviral vaccines; no antibiotics

were administered. Dogs were monitored daily, and body weight and

general health assessment were performed weekly. All dogs maintained

their body weight and ideal body condition score with no clinical evi-

dence of disease other thanDM throughout the 5-month study.

At time of enrolment into the study, all 7 dogs underwent a physi-

cal examination, CBC, serum biochemical profile and urinalysis and

were deemed healthy except for having diabetes mellitus.

2.2 | Feeding and insulin regimens

The study was divided into 2 phases: once-daily (q24h) insulin study

and the twice-daily (q12h) insulin study. Throughout each phase, each

dog received a single diet exclusively, with no change in timing and

amount. However, the type of food changed between the q24h phase

and q12h phase. In the q24h phase, each dog was fed either Adult

Purina Chow (Complete Adult Dry Dog Food with Real Chicken, Nes-

tlé Purina Petcare Company, St. Louis, Missouri) or Purina Puppy

Chow (Complete Dry Puppy Food with Real Chicken and Rice, Nestlé

Purina Petcare Company, St. Louis, Missouri) twice daily (75 g at 0700

and 225 g at 2000). In the q12h phase, all dogs were fed the same

commercial laboratory adult dry dog food (diet item #15006 Lab Diet

Caine MFG #5006), with quantities divided equally between 2 meals

(150 g at 0700 and 150 g at 2000).

The q24h phase was performed first. Each dog received the 3 for-

mulations in the following order: PL, IGla300 and IDeg. Each insulin

was started at 0.4 U/kg (rounded up to the nearest unit), administered

SC, q24h, at 2000 hours. The insulin dose was escalated every

72 hours until maximum dose was achieved (maintenance dose). Dose

escalation was based on a predetermined protocol (Figure 1) that was

followed for all dogs and for all 3 insulin formulations. In this protocol,

as long as IG was >70 mg/dL, the dose was kept the same for

72 hours and then increased based on the nadir during the 72-hour

period as shown in Figure 1. If IG was <70 mg/dL at any point during
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the 72-hour period, the dose was decreased, restarting a new 72-hour

period. Doses were rounded up to the nearest unit. The maintenance

dose was determined as the maximal dose not associated with

IG < 70 mg/dL over a 72-hour period. Once the dose could not be

increased further (because of IG < 70 mg/dL) and a 72-hour period

was completed, the dog was switched to the next insulin formulation.

After completion of the q24h phase, dogs were switched to the

q12h phase. Each dog received 70% of the maintenance q24h insulin

dose (rounded up to the nearest unit), q12h, for a total of 140% of the

daily phase 1 maintenance dose. Treatment sequence was identical for

all dogs (IGla300, IDeg, and PL). On the first day of each new insulin, the

dogs received only the evening dose of the new insulin (to allow the pre-

vious insulin formulation to wash off). The dose was then maintained for

an additional 6 days, regardless of hypoglycemic events. Data from the

first day of each insulin formulation was not used for analysis.

2.3 | Glucose monitoring

A flash glucose monitoring system (FGMS; FreeStyle Libre 14 day sys-

tem, Abbott) previously validated for use in dogs was used throughout

the study as previously described,19 recording interstitial glucose con-

centrations (IG) every 15 minutes. Data were retrieved from the sen-

sor by scanning it with the FreeStyle Libre handheld reader 4 times

daily (0700, 1500, 2000, 2300). Data were data uploaded to the Lib-

reView website every 24 hours. The FGMS sensor has a range of

40-500 mg/dL. The FGMS sensor was first applied 2 weeks prior to

the initiation of the study, to allow the dogs to acclimate. After that,

for the duration of the study, new sensors were applied immediately

when older sensors expired, malfunctioned, or fell off.

2.4 | Statistics

Statistical analysis was performed using commercially available

computer software (GraphPad Prism; GraphPad Software Inc, La

Jolla, California). Based on the Shapiro-Wilk test and Kolmogorov-

Smirnov test, parametric and nonparametric analyses were applied

as appropriate. Significance was set at P ≤ .05.

Descriptive statistics of normally distributed data are presented

as mean ± SD (95% confidence interval [CI] of the mean; coefficient

of variation % [CV]). Otherwise, data are presented as median (range).

A 1-way repeated measures ANOVA and Tukey's multiple comparison

test was used to compare mean IG of maintenance dose between for-

mulations. All data <40 mg/dL were assigned values of 40 mg/dL and

all data >500 mg/dL were assigned values of 500 mg/dL.

To assess day-to-day variability, the CV (CV = SD/mean) was cal-

culated across treatment days for each of the 96 time points of a

24-hour period (CV15, every 15 minutes; 4 per hour �24) for each

dog and for each insulin. In the q24h phase, the CV15 was calculated

for the 72 hours on the maintenance dose (with the mean and SD per

time point across the 3 days). In the q12h phase, CV15 was calculated

similarly but across 5 days of treatment. For each phase, the 96 CV15

values were averaged to calculate the mean CV for each dog (CV24)

and then the mean of CV24 across dogs was compared between insu-

lin formulations with a 1-way repeated measures ANOVA and Tukey's

multiple comparison test. For all CV calculations, data was censored

to the FGMS range of 40-500 mg/dL, to reduce variability bias.

To investigate overall glycemic variability, the glycemic variabil-

ity (GV) percentage (GVP) was calculated for each insulin for each

dog in both the q24h and q12h phases, using a macro in Excel as

previously described.20 The GVP is a measurement of the total

length of the continuous glucose monitoring data compared to the

theoretical straight line that represent zero variability. The GVP can

be determined using the Pythagorean theorem to summate all n

line segments normalized over a time interval.20 It is calculated

independently of CV and SD and it is a more comprehensive mea-

sure of variability that captures fluctuations in both the amplitude

and frequency and therefore captures intraday variability. IG > 400

was censored for all GVP calculations.

Freidman test and Dunn's multiple comparison test were per-

formed to compare frequencies of hypoglycemic events between

insulin formulations during the q12h phase.

3 | RESULTS

Seven intact 1.5-year-old Beagle dogs were included in this study.

Dogs weighed 9.2 ± 1.6 kg at the beginning of the study with a

median body condition score of 5 (range, 4-6).

In the q24h phase, mean (±SD) number of days to achieve

maintenance dose was longer for PL (P = .0005) but did not differ

between IGla300 and IDeg (23.1 ± 6.3, 10.8 ± 4.8, 10.9 ± 4.1,

respectively). Similarly, the number of dose changes prior to achiev-

ing maintenance dose was higher for PL (P = .001) but did not dif-

fer between IGla300 and IDeg (7.9 ± 1.8, 4.1 ± 1.1, 4.6 ± 1.6,

respectively). The mean maintenance insulin dose was 1.3

± 0.40 U/kg (0.9-2.1 U/kg) for PL, 0.6 ± 0.31 U/kg (0.2-0.9 U/kg)

for IGla300, and 0.7 ± 0.16 U/kg (0.4-0.9 U/kg) for IDeg. The mean

F IGURE 1 Insulin dose changing protocol during phase 1, once-
daily insulin therapy. Insulin dose was escalated until further increases
could not be made due to IG < 70 mg/dL
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72-hour IG of PL (335.4 ± 49.2 mg/dL) was lower than that of

IGlar300 (395.8 ± 45.5 mg/dL; P = .04), but not different than that

of IDeg (361.0 ± 23.8 mg/dL; P = .33, Figure 2). There was no dif-

ference in day-to-day variability between PL, IGla300 and IDeg

(mean CV24 = 20 ± 7.5%, 20.7 ± 8.6% and 20.7 ± 10.6% respec-

tively, P = .99, Figure 3). The GVP for IDeg (193.6 ± 34.4%) was

lower compared to PL (273.7 ± 75.4%, P = .04) and IGla300 (252.3

± 39%, P = .007), with no difference between PL and

IGla300 (P = .5).

In the q12h phase, the mean insulin dose was 0.8 ± 0.26 U/kg

(range, 0.5-1.3 U/kg) for PL, 0.5 ± 0.2 U/kg (range, 0.2-0.9 U/kg)

for IGla300, and 0.5 ± 0.09 U/kg (range, 0.3-0.6 U/kg) for IDeg.

The mean 5-day IG of PL (194.5 ± 55.1 mg/dL) was lower than the

mean 5-day IG of IGla300 (275.5 ± 40.4 mg/dL, P = .006) and IDeg

(265 ± 69.3 mg/dL, P = .05) and there was no difference between

IGla300 and IDeg (P = .9, Figure 4). There was no difference

between PL, IGla300 and IDeg in the % time IG was <70 mg/dL

(17 ± 13.2%, 11 ± 8.5%, 9 ± 8.7%, respectively; P = .2, Figure 5).

The day-to-day variability of PL (42.6 ± 6.8%) was higher compared

to IGla300 (30.1 ± 7.7%, P = .01) and IDeg (25.2 ± 7.0%, P = .01),

with no difference between IGla300 and IDeg (P = .46, Figures 6

and 7). The GVP for PL (192.5% ± 45.1%) was lower compared to

IGla300 (237.0 ± 20.6%, P = .02); however, it was not different to

IDeg (215.5 ± 36.3%, P = .26). There was no difference between

the GVP of IGla300 and IDeg (P = .13, Figure 8).

4 | DISCUSSION

In this repeated measure study comparing the day-to-day variability

of PL, IGla300 and IDeg in diabetic dogs we found that IGla300 and

IDeg maintain lower day-to-day variability compared to PL when

administered twice daily. Our data were generated in controlled

laboratory settings where feeding, drug administration and exercise

schedules are unchanged and completely comparable between insulin

formulations. It is likely that for all 3 insulin formulations, the degree

of variability in glucose data would be greater in the clinical setting in

which these variables are controlled (or not) by owners.

Low day-to-day variability enables the clinician to make safer

treatment decisions, especially when limited data are available. Previ-

ous studies demonstrated significant within- and between-subject

variability for PL but did not compare PL to other insulin formula-

tions.4,17 When evaluating the clinical consequences of large day-to-

day variability of PL, 1 study showed that obtaining a glucose curve

during a single day might not be representative of the range of possi-

ble responses to that insulin at that dose on other days, and might

F IGURE 2 Scatter plot of mean interstitial glucose (IG) over
3 days of once-daily insulin therapy consisting of porcine lente (PL),
insulin glargine 300 U/mL (IGla300) and insulin degludec (IDeg) in
7 purpose bred dogs. Horizontal line represents the mean of the
7 dogs. The means of the 3 treatment groups were compared with
repeated measured ANOVA. P ≤ .05 was considered significant

F IGURE 3 Scatter plot of mean coefficient of variation % (CV) over
3 days of once-daily insulin therapy consisting of porcine lente (PL),
insulin glargine 300 U/mL (IGla300) and insulin degludec (IDeg) in
7 purpose bred dogs. Horizontal line represents the mean CV of the
7 dogs. The means of the 3 treatment groups were compared with
1-way repeated measured ANOVA. P ≤ .05 was considered significant
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lead to erroneous treatment decisions.4 Therefore, for a formulation

with high day-to-day variability, recording glucose data from at least a

few days would be necessary to safely make treatment recommenda-

tions. In contrast, if using a hypothetical insulin formulation with zero

day-to-day variability, and assuming all other variables are maintained

constant, a glucose curve that is generated on a single day would be

representative of all glucose curves generated on any other day, obvi-

ating the need for more data. From this perspective, IGla300 and IDeg

are advantageous to the clinician in that they might allow safer

decision making based on fewer data points compared to PL. It is also

likely that IDeg and IGla300 would be associated in the long run with

lower risk of hypoglycemia because of lower risk of large deviations in

peak insulin activity from average peak activity. While there was no

difference in frequency of hypoglycemia between formulations in our

study, this does not necessarily reflect on long-term risk of hypoglyce-

mia in the clinical setting, especially when attempting to achieve lower

mean glucose and when other factors like diet and exercise are

modified.

Glycemic variability is a measure of intraday oscillations in glyce-

mia. In human medicine, increased GV is used as a predictor of future

hypoglycemic events, 21-23 but to the best of our knowledge, has not

been studied in dogs. However, because the mechanisms leading to

impaired counterregulatory responses in dogs are largely the same as

in people,24 it would be reasonable to hypothesize that as in people,

F IGURE 4 Scatter plot of mean interstitial glucose (IG) over
5 days of twice-daily insulin therapy consisting of porcine lente
(PL), insulin glargine 300 U/mL (IGla300) and insulin degludec
(IDeg) in 7 purpose bred dogs. Horizontal line represents the mean
of the 7 dogs. The means of the 3 treatment groups were
compared with repeated measured ANOVA. P ≤ .05 was considered
significant

F IGURE 5 Scatter plot of percent of time the interstitial glucose
(IG) was less than 70 mg/dL over 5 days of twice-daily insulin therapy,
porcine lente (PL), insulin glargine 300 U/mL (IGla300) and insulin
degludec (IDeg) in 7 purpose bred dogs. Horizontal line represents the
mean percent time for the 7 dogs. Freidman test and Dunn's multiple
comparison test were used to compare frequencies of hypoglycemic
events. P ≤ .05 was considered significant. ns = not significant

F IGURE 6 Scatter plot of mean coefficient of variation % (CV) over
5 days of twice-daily insulin therapy consisting of porcine lente (PL),
insulin glargine 300 U/mL (IGla300) and insulin degludec (IDeg) in
7 purpose bred dogs. Horizontal line represents the mean CV of the
7 dogs. The means of the 3 treatment groups were compared with
1-way repeated measured ANOVA. P ≤ .05 was considered significant
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F IGURE 7 A-G, Continuous interstitial glucose (IG) curve over a 24-hour period with twice daily insulin therapy. Food and insulin were given
at time 0 and 660 minutes. Each panel of 3 graphs represents 1 dog. For each dog (A-G), upper panel = porcine lente (PL), middle panel = insulin
glargine 300 U/mL (IGla300), and lower panel = insulin degludec (IDeg)

2136 MILLER ET AL.



increased GV in dogs would also lead to increased frequency of hypo-

glycemia in the long run.

Here we show that the choice of insulin formulation might affect

GV. In the q24h phase of the study, IDeg was associated with the

lowest GVP while in the q12h phase, PL was associated with the low-

est GVP. These results might reflect the fact that in terms of minimiz-

ing intraday oscillations, there is an advantage to increasing the

frequency of feedings and insulin administration when using an insulin

that peaks within a few hours after administration (like PL17), coincid-

ing with post prandial absorption of carbohydrates. In contrast, there

is no advantage to increasing the frequency when using a true basal

insulin that roughly exerts the same action evenly throughout a

24 hours period after a single injection (eg, IDeg12). In fact, because

a basal insulin does not curb post-prandial hyperglycemia, splitting

the daily food intake into 2 equal meals while using a basal insulin

is expected to result in 2 major hyperglycemic excursions as seen in

our data. Our study was not designed to address this problem spe-

cifically but in the clinical setting, this could be addressed by feed-

ing a diet with lower glycemic index or feeding smaller amounts

more frequently.25 Of note, this fine tuning of diet type and fre-

quency would be more feasible in a patient that has predictable

responses, that is, treated with an insulin formulation with lower

day-to-day variability.

In the q24h phase of our study, insulin doses were adjusted to

maximally lower the average IG while avoiding low IG as much as pos-

sible. In this setting, all 3 formulations failed to decrease mean IG to

acceptable levels. During this phase, the 3 lowest mean 3-day IG were

observed with PL (286, 288, and 299 mg/dL) with all other 3-day

averages in the PL as well as all IDeg and IGla300 treatments

remaining above 300 mg/dL. In a clinical setting, this would probably

translate into unacceptable clinical control of polyuria, leading to

treatment failure with all 3 insulin formulations when used q24h. Bet-

ter control might have been achieved in our study if we had used a

different algorithm for dose alterations, with lower cutoffs to trigger

dose reduction. To the best of our knowledge, the blood glucose cut-

offs used in clinical practice to guide insulin therapy rely on clinical

experience and expert opinion, and not on evidence from well-

powered clinical trials. These cutoffs were established at a time when

large safety margins were necessary because glucose monitoring was

intermittent at best, and available formulations were relatively

unpredictable.26 Moreover, the translation of these cutoffs from

blood glucose concentrations to IG concentrations has not been stud-

ied yet in dogs. While the FGMS used in our study has been validated

for use in dogs and its accuracy has been demonstrated, the system

does report low IG with bias toward overestimating the magnitude of

hypoglycemia.19 Thus, we chose IG <70 mg/dL as a trigger for reduc-

ing insulin dose, following the traditional cutoff of blood glucose

<80 mg/dL.26 With the advent of more predictable formulations such

as IDeg and IGla300 and affordable FGMS, target glucose concentra-

tions should be reconsidered, studied and reestablished in future clini-

cal research.

Three different diets were fed during the duration of this study,

although the diets remained constant for each dog in each of the

study phases. The macronutrients of each diet are as follows: Adult

Purina Chowa (protein 21%, fat 10%, carbohydrates 49%), Purina

Puppy Chowb (protein 27.5%, fat 12%, carbohydrates 40.5%), and the

Lab Diet Caine MFG #5006c (protein 25%, fat 19.5%, carbohydrates

37.5%). The differences between the macronutrients of the 3 diets

may explain some of the variability between the q24h phase and the

q12h phase, as the dogs received a different diet between

the 2 phases.

Low day-to-day variability is an inherent characteristic of an insu-

lin formulation, that is direct result of its chemistry. For example, for-

mulations that stay in solution and do not require resuspension and

formulations that do not precipitate after injection have lower day-to-

day variability.5 In contrast, changes in mean IG depend more on

changes in insulin dose. In the q12h phase of this study, although

IGla300 and IDeg were superior in terms of day-to-day variability, PL

treatment led to a lower mean IG. However, in this phase the dose of

insulin was fixed, previously determined by the q24h maximum dose.

For all 3 formulations, the total daily insulin dose was increased from

the q24h phase by 40% which resulted in lower mean IG across all

treatments. Therefore, it is reasonable to assume that had we

increased the dose of IDeg and IGla300 further, we would have

achieved lower mean IG, without losing their advantage as more pre-

dictable formulations.

F IGURE 8 Scatter plot of the mean glycemic variability
percentage (GVP) over the 5 days of twice-daily insulin therapy
consisting of porcine lente (PL), insulin glargine 300 U/mL
(IGla300) and insulin degludec (IDeg) in 7 purpose bred dogs.
Horizontal line represents the mean GVP of the 7 dogs. The
means of the 3 treatment groups were compared with 1-way
repeated measured ANOVA. P ≤ .05 was considered significant
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When administered to the SC, IGla300 shows reduced blood glu-

cose lowering effects compared to insulin glargine 100 U/mL and

other insulin formulations, both in clinical trials and in euglycemic-

clamp studies in people and in dogs.11,27 It was recently demonstrated

in dogs that this is caused by longer residence time of the insulin in

the SC, allowing it more time to be exposed to local degrading

enzymes and resulting in lower bioavailability.27 As such, clinical use

of IGla300 in dogs would require higher doses compared to other for-

mulations. This was not demonstrated in our study, in which mainte-

nance dose of IGla300 and IDeg were similar and lower compared to

PL. This discrepancy might be the result of the protocol we used for

dose adjustments in this study; a protocol that is based on traditional

monitoring recommendation for intermediate-acting insulin formula-

tions.28 Plausibly, appropriate clinical use of these basal insulin formu-

lations in combination with “prandial” insulin formulations would

result not only in better glycemic control but also in different mainte-

nance doses.

We expected lower day-to-day variability for IDeg and IGla300

compared to PL and indeed confirmed it in the q12h phase but not

in the q24h phase. One potential explanation for that is that the

between-day CV was calculated based only on 3 days of data

(vs. 5 days in the q12h phase), decreasing our ability to detect differ-

ences. Also, insulin dose was changed more frequently in the q24h

phase (up to 3 days but sometimes less if low IG was recorded). In this

setting, the comparison of variability between days is biased against

long-acting insulin formulations that might not reach steady-state as

fast. GVP was lower for IDeg in the q24h phase, suggesting at least

lower intraday variability, consistent with its reported time action

profile.12

Purpose-bred dogs were used over dogs with spontaneous DM

to aliveate both ethical concerns and reduce bias in assessing day-to-

day variability of different insulins. In the study, insulin doses and for-

mulations had to be switched irrespective of glycemic control. It was

unacceptable to make these frequent changes without a clinical bene-

fit in an otherwise stable client-owned diabetic dog. Using client-

owned dogs would subject the otherwise well controlled dogs and

their owners to potential complications of uncontrolled diabetes. Fur-

thermore, the use of purpose-bred dogs allowed elimination of other

factors that might impact day-to-day variability, such as timing of

meals, meal composition and timing and characteristics of daily exer-

cise. These factors could not be controlled in client owned dogs. Last,

dogs with spontaneous DM have different residual beta cell composi-

tion than induced-DM dogs.24 Dogs with spontaneous DM are not

necessarily 100% beta cell deficient. With disease progression, their

insulin requirements might change over time. In contrast, dogs with

induced diabetes have a permanent and unchanging beta cell defi-

ciency, which makes them better suited for a repeated-measure

design.

The q12h study was not designed to achieve best glycemic

control (doses were not adjusted) but rather it was designed to

enable comparison of variability. In this setting, while PL had the

highest degree of day-to-day variability, PL was superior in terms

of other measures of glycemic control (mean IG, GVP) while having

no difference in the frequency of low IG. Mean IG is probably going

to be most important determinant of short-term owner satisfaction

with treatment but GVP might become important in the long-term

as predictor of future hypoglycemic events. A clinical trial in client-

owned dogs would be required to compare the overall safety and

efficacy of these insulin formulation in a real-life setting when diets

are individualized for patients and long-term risk of hypoglycemia

is assessed.

In conclusion, this study compares 3 commercially available insu-

lin formulations and demonstrates no clear advantages of 1 formula-

tion vs. another. As expected, PL was associated with greater day-to-

day variability compared to IDeg and IGla300 but was also associated

with the lowest intraday glucose variability, probably as a conse-

quence of having a peak action at the postprandial time frame. In con-

trast, IDeg and IGla300 administered twice daily were associated with

lower day-to-day variability, which might be advantageous in minimiz-

ing monitoring requirements and long-term frequency of

hypoglycemia.
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