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Abstract

Aim: To determine whether de-escalating from advanced insulin therapy (AIT) to the
combined use of metformin, an SGLT2 inhibitor, a GLP1 receptor agonist and basal in-
sulin is the better option than multiple daily insulin injections (MDI) in obese patients
with poorly controlled T2DM.

Methods: This was a 16-week, prospective, randomized, controlled trial. Twenty-two
obese patients with T2DM on AIT were randomized to intervention (step-down) or
control (MDI) group. In the intervention group, all prandial insulin injections were
discontinued, but the patient remained on basal insulin and metformin, to which an
SGLT2i and a GLP1 RA were added. In the control group, the patient remained on
MDI.

Results: Compared to control group (n = 8), Alc was significantly lower at week 4
(9.54% vs 8.25%; p = .0088) and week 16 (9.7% vs 7.31%; p < .001) in interven-
tion group (n = 10). In intervention group, compared to baseline, there was a sig-
nificant decrease in weight (-16.38 pounds; p = .003), BMI (-3.06; p < .001), LDL
cholesterol (-15.7 mg/dl; p = .0378), total cholesterol (-18.5 mg/dl; p = .0386), total
daily insulin dose (-57.3 units; p < .001) and a significant improvement in DM-SAT
patient satisfaction 0-100 scores: total score (+45.3; p < .001) and subscale scores
(Convenience + 35.28, p = .019; Lifestyle + 35.8, p = .0052; Medical control + 51.3,
p < .001; Wellbeing + 47.2, p = .0091) at week 16.

Conclusion: De-escalating from AIT to the combined use of metformin, SGLT2i, GLP1
RA and basal insulin in obese patients with poorly controlled T2DM on MDI resulted
in significant improvement in glycaemic control, weight loss and significantly higher
patient satisfaction. This stepping-down approach may be the better option than

continuing MDI in these patients.
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In traditional step-up approach, the patients with poorly controlled
type 2 diabetes (T2DM) on noninsulin antihyperglycaemic agents
are advised to step up to advanced insulin therapy (AIT) with multi-
ple daily insulin injections (MDI). However, these patients often con-
tinue to have poor glycaemic control. The common reasons are the
poor adherence with multiple insulin injections and the patient's re-
luctance to accept insulin-induced weight gain. The recent guidelines
in diabetes management have significantly changed to accommo-
date the newer generation of noninsulin antihyperglycaemic agents.
The combination use of the these agents such as sodium glucose
co-transporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1
receptor agonists (GLP1 RA), that can induce weight loss, together
with a basal insulin is now an alternative treatment option before the
patient is advanced to MDI.? In this approach, the medication-in-
duced weight loss may give the patients an extra motivation to take
medications regularly. Similarly, the patient does not require to take
multiple insulin injections with meals throughout the day that may
also improve the medication adherence and treatment satisfaction.

It has been observed in the real-world clinical practice that the
simple stepping-down approach resulted in significant, sometimes
surprising, improvement in glycaemic control in this patient popula-
tion.® This improvement can be attributed to the better compliance
with fewer injections and the lower insulin resistance through med-
ication-induced weight loss in addition to the potent glucose-lower-
ing effect of the newer medications.

There are still the obese T2DM patients with poor glycaemic
control who are on MDI. Some of them were initiated on MDI be-
fore the availability of newer generations of medications and new
treatment recommendations. Some were started simply because the
physician was not aware of or not familiar with the new recommen-
dations. Regardless of the reason, these patients are likely to remain
on MDI despite chronic poor glycaemic control since the physicians
are understandably reluctant or uncomfortable to step down the
most advanced insulin therapy. In addition, there have been no data
on the benefits and safety of the stepping-down approach in which
MDI is de-escalated to the combination use of the noninsulin anti-
hyperglycaemic agents, metformin, an oral SGLT2i and a GLP1 RA,
together with a basal insulin only.

The aim of this study was to determine whether de-escalating
from advanced insulin therapy to the combined use of metformin,
an SGLT2 inhibitor, a GLP1 receptor agonist and a basal insulin is the
better option than multiple daily insulin injections (MDI) in obese
patients with poorly controlled T2DM.

2 | METHODS
2.1 | Patients

The patients with T2DM who met all of the following criteria were

included in the study: over 21 years of age, body mass index (BMI)

>30 kg/mz, using insulin at least 2 times daily comprising both a basal
and a prandial insulin or a premix insulin with or without other nonin-
sulin medications for a least past 3 months, Alc over 8%, eGFR over
45% The patients with any of the following criteria were excluded:
pregnancy, using an SGLT2i or a GLP1 RA or U-500 insulin, T1IDM,
C-peptide below normal range if measured in the past, a history of
diabetes ketoacidosis, a history of recent and frequent (22 times
within past 3 months) urinary tract infection or genito-urinary can-
didiasis requiring antibiotic and/or antifungal therapies within past
3 months, a personal or family history of medullary thyroid carci-
noma (MTC) or in patients with multiple endocrine neoplasia syn-

drome type 2 (MEN 2), a history of acute pancreatitis.

2.2 | Design

This prospective, randomized, open-label, controlled, parallel-group
study was conducted at the community clinics. Patients were al-
located 1:1 to either intervention (ie step-down) or control (MDI)
group by using block randomization with computer-generated ran-

dom sequence from http://www.randomization.com.

2.3 | Procedures

All participants in both groups made a total of 3 visits over a 16-
week period. The 2nd visit was at week 4 and 3rd visit at week 16
after initial visit. At each visit, all patients had blood test for Alc,
CMP, CBC, fasting lipid and measurements of body weight, height,
blood pressure and heart rate, answered adverse reaction questions
and completed the Diabetes Medications Satisfaction (DM-SAT)
Questionnaire form.

At first visit, the following changes were made in intervention

group:

e All prandial insulin injections (Humalog, Novolog, Apidra, Novolin
R or Humulin R) were discontinued.

e Basal insulin (NPH, Lantus, Levemir, Toujeo or Tresiba) were
continued at 80% of the home dose. The dose was gradually in-
creased until the patient is back on the home dose (the dose that
the patient has been taking at home prior to the enrolment) or
fasting BG of 80-130 mg/dl was achieved by using the self-titra-
tion regimen (Appendix 1).

e |If the patient was on premixed insulin 2-3 times daily, it was
switched to a basal insulin alone and Glargine was given at 40%
of total daily dose of premixed insulin. The dose was gradually
increased until fasting BG of 80-130 mg/dl is achieved by using
the self-titration regimen (Appendix 1).

e Metformin at home dose was continued, but other noninsulin di-
abetes medications were discontinued. If the patient was not on
metformin, then metformin ER was started at 500 mg daily with a
meal for 2 weeks and then 1000 mg daily as a maintenance dose

if tolerated.


http://www.randomization.com

NAING ET AL.

FIGURE 1 CONSORT flow diagram of
patient participation and follow-up
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e Both SGLT2i, empagliflozin 10 mg or 12.5 mg once daily, and
GLP1 RA, dulaglutide 0.75 mg subcutaneously once weekly, were
added to metformin and a basal insulin.

The patients were trained on the injection technique of the once-
weekly GLP1 RA and given information on potential side effects, risk
and benefits of all new medications in detail, hypoglycaemia man-
agement and the self-titration regimen for the basal insulin.

In the control group, the patients were advised to remain on
MDI and to have the usual and standard care through the primary
care provider. They were also advised to gradually increase the basal
insulin until fasting BG of 80-130 mg/dl is achieved by using the
self-titration regimen as in the intervention group (Appendix 1).

The patients in both groups were advised to monitor FPGs daily
at minimum.

A research co-ordinator made a phone call to all participants in
both groups at weeks 1, 2, 8 and 12 to review fasting glucose mea-
surements, ask for possible adverse events, incidents of hypoglycae-
mia and any change in medication.

At each visit, the patients were questioned for adverse events
(nausea, vomiting, diarrhoea, headache, acute pancreatitis, bacterial
or fungal genito-urinary tract infection, severe hypoglycaemia with
blood glucose <40, mild hypoglycaemia with BG 41-69, diabetes ke-
toacidosis, any hospitalization for hyper or hyper-glycaemia).

At 2nd visit, empagliflozin and GLP1 RA, dulaglutide were in-
creased to maximum doses of 25 mg and 1.5 mg, respectively, if the
patient tolerated the starting dose and if the additional glycaemic
control is required.

2.4 | Outcome measurements

The primary outcome was the change in Alc at the end of study pe-
riod at week 16 and secondary outcomes were the changes in fast-
ing blood glucose, weight, blood pressure, heart rate, fasting lipids,
serum sodium and potassium, serum creatinine, liver enzymes, CBC
and Diabetes Medications Satisfaction (DM-SAT) scores at week 16.

Treatment satisfaction was measured using the Diabetes
Medication Satisfaction Tool (DM-SAT).* The DM-SAT measures
satisfaction with the patient's diabetes medications regimen. The
instrument consists of 16 items which create 4 subscales (3 items
for wellbeing, 3 items for medical control, 5 items for lifestyle and
5 items for convenience) and a total score. Responses are summed
and converted to a score from O to 100 for each subscale and overall,

with higher scores representing more satisfaction.

2.5 | Statistical analysis

We estimated that 20 patients in each group would provide at
least 80% power to detect a statistically significant difference
(e = 0.05) in this continuous end-point, two independent sample
study, assuming a treatment group difference in haemoglobin Alc
of 12%-15%.

The data were analysed by using the software R version 3.5.1
from the R Foundation. Significance testing was conducted at the
two-sided 5% level. Continuous variables were examined for nor-
mality, and if assumption is met, differences in mean values were
tested using Student's t test or Mann-Whitney U test. If not nor-
mally distributed, nonparametric procedures will be used, includ-
ing Wilcoxon rank-sum test. Categorical data were analysed using
Fisher's exact test and chi-square analysis. Since before/after
comparisons will also be performed on the same study patients,
we will utilize paired t tests and McNemar's chi-square test.

3 | RESULTS

Overall, 22 patients were enrolled in this study with 10 in control
group and 12 in intervention group (Figure 1). Two patients in control
group were excluded from the study. One decided to self-withdraw
from the study because of poor glycaemic control on MDI alone, and
one was excluded since primary care provider discontinued basal-

prandial insulin. Two patients in intervention group were excluded
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from the study. One withdrew from the study for nausea and head-
ache, and one was lost to follow-up. All patients in both groups were
already on metformin at the time of enrolment.
The demographic and baseline characteristics at randomization

were similar between groups (Table 1).

TABLE 1 Demographics and baseline characteristics

Intervention p
Control (n = 8) (n=10) value
Male 6 (75%) 3 (30%) 153
Age (years) 55.62 +11.78 51.8+11.14 494
Ethnicity
Hispanics 5(62.5%) 8 (80%) 405
Whites 3(37.5%) 2 (20%) .655
Duration of 15.75 + 6.88 13.4 +7.99 .513
DM (years)
Weight 226 +52.82 212.7 + 39.06 .563
(pounds)
BMI 36.73 +4.83 36.27 +4.52 .841
Systolic BP 121.5 + 16.87 127.2 +17.25 491
(mmHg)
Diastolic BP 76 +10.35 77 £79 .825
(mmHg)
Total daily 97.6 + 54.0 107.7 + 64.14 728
insulin dose
(units)
Metformin use 8 (100%) 10 (100%) 1.0
at home
Alc (%) 10.36 + 0.877 9.69 +1.067 171
Haemoglobin 13.775 £ 2.076 14.21 + 1.68 629
(g/dl)
Serum 0.775 £ 0.183 0.71 +£0.208 .50
creatinine
(mg/dl)
eGFR (mL/ 85.5+6.63 85.4 +8.53 979
min/1.73m?)
LDL (mg/dl) 84.5 + 27.59 72.4 +24.33 .338
HDL (mg/dl) 43.25 +8.15 40.6 + 10.91 .577
Triglyceride 186.0 + 83.06 133.4 + 55.36 127
(mg/dl)
Total 165.5 + 35.09 139.7 + 30.79 116
cholesterol
(mg/dl)
DM-SAT scores
Total 51.875 + 16.92 43.70 + 19.45 .363
Wellbeing 58.75 + 21.19 45.50 + 19.84 .834
Medical control ~ 40.13 + 24.80 45.6 + 22.58 .827
Lifestyle 48.75 + 138.6 48.75 + 13.6 734
Convenience 61.0 + 20.67 45.7 + 19.60 128

Note: All values are expressed in mean + SD.

3.1 | Primary outcome

In control group, there was no significant difference in Alc between
baseline and at week 4 (10.36% vs 9.7%; p = .146) and also at week
16 (10.36% vs 9.54%; p = .156) (Table 2). However, there was a sig-
nificant decrease in Alc between baseline and at week 4 (9.69% vs
8.25%; p < .001) and also at week 16 (9.69% vs 7.31%; p < .001) in
intervention group (Table 3).

There was no difference in Alc between control and interven-
tion groups at baseline (10.36% vs 9.69%; p = .171). However, Alc
was significantly lower at week 4 (9.54% control vs 8.25% interven-
tion; p =.0088) and at week 16 (9.7% control vs 7.31% intervention;
p < .001) in intervention group than in control group (Table 4).

3.2 | Secondary outcomes

3.2.1 | Outcome comparison in the same group
between baseline and week 16

In control group, there was no significant change at outcome varia-
bles other than higher systolic BP at week 16 (+15 mmHg; p =.0247)
(Table 2).

In intervention group, there was a significant decrease in weight
(-16.38 pounds; p = .003), BMI (-3.06; p < .001), LDL cholesterol
(-15.7 mg/dl; p = .0378), total cholesterol (-18.5 mg/dl; p = .0386)
and total daily insulin dose (-57.3 units; p < .001) at week 16 in addi-
tion to Alc. There was a significant improvement in DM-SAT patient
satisfaction 0-100 scores: total score (+45.3; p < .001) and subscale
scores (Convenience + 35.28; p = .019) (Lifestyle + 35.8; p = .0052)
(Medical control + 51.3; p < .001) (Wellbeing + 47.2; p = .0091)
(Table 3).

3.2.2 | Outcome comparison between control and
intervention groups at week 16

There were statistically significant differences between two groups
in the following variables, and all were in favour of intervention
group : Alc (-23.38% difference; p < .01), systolic blood pressure
(-18.53% difference; p =.012), LDL cholesterol (-46.26% difference;
p = .007), triglyceride (-38.9% difference; p = .0275), total choles-
terol (-34.09% difference; p = .003), total daily insulin dose (-53.28%
difference; p = .0132), DM-SAT total score (+57.52% difference;
p < .001), DM-SAT Subscale Score Wellbeing (+52.59% difference;
p = .0024), DM-SAT Subscale Score Medical Control (+95.42% dif-
ference; p <.001) and DM-SAT Score Lifestyle (+46.67% difference;
p = .0034) at week 16. Serum bicarbonate was lower in interven-
tion group (37.16 + 26.36 vs 25.6 + 2.59 mmol/L, -31.05% differ-
ence; p = .039), but none of the patients in intervention group had
bicarbonate level lower than 23 mmol/L or below normal range
(22-28 mmol/L). More patients in the intervention group than in the
control group (40% vs 0%) achieved Alc of less than 7% (Table 4).
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(Continued)

TABLE 4

Week 16

Week 4

Treatment vs
Control

Treatment Mean

(SD)

Control Mean

(D)

Treatment vs
Control

Treatment Mean

(sD)

Control Mean

(sD)

value

%

p-value

%

Variable

.0024

31.95 52.59%

92.7 (5.7)

60.75 (14.3)

.0903

20.17 32.1%

83(11.31)

62.83(23.15)

DM-SAT Subscale

Score Wellbeing

Endocrinology, Diabetes
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<.001

45.8 95.42%

93.8(5.05)

48 (17.5)

47.87% .0169

26.33

81.33(12.73)

55(18.79)

DM-SAT Subscale

Score Medical

Control

.0034

81.4 (16.06) 259 46.67%

.0442 55.5(15.52)

19.89 34.89%

DM-SAT Score 57 (23.42) 76.89 (14.94)

Lifestyle
DM-SAT

.0637

21.48 36.1%

80.98 (26.18)

15 59.5(19.53)

12.44 17.6%

83.11 (15.69)

70.67 (15)

Subscale Score
Convenience
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3.3 | Safety and tolerability

The portion of patents with any hypoglycaemia event was lower in
intervention group than in control group (8.3% vs 30%) (Table 5).
None of the patients in intervention group experienced severe
hypoglycaemia.

At least one adverse event (AE) was observed in 83.3% of pa-
tients in intervention group. However, most of these AE were mild
nausea lasting less than 2 weeks. Only one patient in intervention
group withdrew from the study due to AE (Appendix 2). The symp-
toms, nausea, vomiting and headache resolved completely and did
not require hospital admission. One patient in intervention group
had vaginal yeast infection which was successfully treated with a
2-day course of fluconazole. There was no patent in intervention
group who had severe AE such as acute pancreatitis, diabetes keto-

acidosis or hospitalization resulting from AE.

4 | DISCUSSION

This is the first study in which the multiple daily prandial insulin in-
jections were replaced with an SGLT2i and GLP1 RA in patients with
poorly controlled T2DM on the advanced insulin therapy or MDI
regimen. Our study population was typical of the patients we see
in the real-world clinical situation (middle-aged, obese, poor glycae-
mic control, chronic duration of diabetes) though the number of the

TABLE 5 Summary of adverse events

Intervention

Control (n = 10) (n=12)
Patients with at least one AE, 3 (30%) 10 (83.33%)
n (%)
Nausea 0 9 (75%)
Vomiting 0 1(8.3%)
Diarrhoea 0 1(8.3%)
Headache 0 1(8.3%)
Urinary tract infection 0
Genital yeast infection 0 1(8.3%)
Skin reaction at injection site 0 1(8.3%)
Any hypoglycaemia event (BG 3(30%) 1(8.3%)
<70 mg/dL)
Mild hypoglycaemia event (BG 2 (20%) 1(8.3%)
40-69 mg/dL)
Severe hypoglycaemia event 1(10%) 0
(BG <40 mg/dL)
Acute pancreatitis 0 0
Diabetes ketoacidosis 0 0
Withdrawal from study due 1(8.3%)
to AE Nausea/
vomiting/
headache
Hospitalization due to AE 0 0
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participants was small. In those with poor glycaemic control on a
basal insulin, they are usually advanced from basal insulin alone to
basal-prandial insulin regimen or multiple daily insulin injections. In
those who are advanced to MDI regimen and continue to have poor
glycaemic control, they are often not given an opportunity to step
down from MDI to a simpler regimen with fewer injection: basal in-
sulin alone together with SGLT2i and/or GLP1 RA. One of the main
reasons is the lack of the data on efficacy, safety and tolerability
of this step-down approach though the combination use of these
noninsulin antihyperglycaemic agents has been proven safe and ef-
fective in the traditional step-up approach.’™°

In our study, there was a significant improvement in glycaemic
control and weight when prandial insulin was replaced with oral
SGLT2i and once-weekly GLP1 RA. The statistically significant de-
creases in Alc and weight were observed as early as at week 4 and
also at the end of study at week 16 in the intervention group (Alc
from 9.68% to 8.25% at week 4 and 7.31% at week 16; weight from
212.68 pounds to 204.72 pounds at week 4 and 196.3 pounds at
week 16). When compared between groups, the difference in de-
crease in Alc (-23.38%) was again significant favouring the inter-
vention group. Nearly half (40%) of those in the intervention group
achieved Alc of less than 7% at week 16 compared with none in the
control group.

The weight loss achieved by the intervention group was not sta-
tistically significant (225 vs 196.3 pounds, -28.7 pounds or -12.76%,
p = .1857); however, the amount of weight loss achieved may be
considered clinically relevant and there may have been a statistically
significant difference with higher number of study patients.

In addition to above important benefits, we also observed that,
in intervention group, there was a significant decrease in systolic BP
and LDL cholesterol at the end of study at week 16. Total daily insulin
requirement was reduced by over 50%, and the patient satisfaction
DM-SAT scores were significantly higher. We did not observe these
benefits in the control group. The patients who are currently on MDI
and who are regarded as poor adherence with insulin therapy may
have a significant improvement in their glycaemic control with the
stepping-down approach. In addition to weight loss and improve-
ment in glycaemic control, SGLT2 inhibitors and GLP1 RAs in this
stepping-down approach will provide the cardiovascular and renal
benefits in patients with T2DM who have or are at risk for ASCVD
or diabetic nephropathy.***

Regarding safety, none of the patients in the intervention group
experienced serious adverse events. Though total daily insulin dose
and frequency of insulin injections were much lower and fewer in the
intervention group, none of the patients developed diabetes ketoac-
idosis or worsening of glycaemic control. The most common adverse
event in the intervention group was mild nausea that lasted less than
2 weeks in most patients. Patients with mild or severe hypoglycae-
mia were also fewer in the intervention group.

We acknowledge the limitations of our study. Our study was un-
derpowered and had a small sample size that limits the quality and
precision of data. The results, therefore, need to be confirmed with

larger studies with adequate statistical power. The study period was
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only 16-weeks, and therefore, the long-term risks or benefits of the
treatment cannot be determined based on our study results. Despite
all these limitations, our study showed encouraging results in sev-
eral outcomes with a statistically significant decline in Alc, clinically
relevant weight loss and significant increase in patient's treatment
satisfaction scores in treatment group.

In conclusion, the stepping-down approach from advanced insu-
lin therapy to the combined use of metformin, an SGLT2 inhibitor,
a GLP1 receptor agonist and a basal insulin in obese patients with
poorly controlled T2DM resulted in the significant improvement in
glycaemic control and clinically relevant weight loss in short term.
The patient satisfaction was much higher with this approach than
with MDI. There was no serious adverse event in the intervention
group. This approach may be a better option than multiple daily in-
sulin injections in obese patients with poorly controlled T2DM on
advanced insulin therapy. These results need to be confirmed in a

trial with a larger sample size.
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APPENDIX 1

Basal insulin self-titration instruction to the patients

Please follow the instruction to adjust your basal insulin dose
(Lantus, Basaglar, Toujeo, Tresiba, Levemir, NPH) by 1 unit every
day.

1. Start the basal insulin at _____ Units before bedtime
2. Check fasting blood glucose level before breakfast or on waking
every day. Your target is between 80-130 mg/dl.
3. If your fasting glucose level is:
a. over 130 mg/dl, add 1 unit of insulin
b. less than 80 mg/dl, reduce the insulin dose by 2 to 3 units.
c. between 80 and 130 mg/dl, do not change the dose.
4. Please adjust the dose EVERY DAY.
5. Write down the date and new dose on the glucose log sheet every

time you adjust it.
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APPENDIX 2
Characteristics of 4 patients who were withdrawn from the study
Weight in Reason for

Assigned group Age (years) Gender pounds/BMI Baseline Alc withdrawal

Control 77 M 230/35 9.4% He wanted to
switch MDI to the
intervention group
and refused to
remain in control
group.

Control 59 F 208/31.6 8.3% PCP discontinued
basal prandial
insulin.

Intervention 28 F 186.6/32.2 9.1% Lost to follow-up/
did not return to
3 visit

Intervention 27 F 223.4/43.1 11.4% adverse event

PCP, Primary Care Provider.

(nausea/vomiting/
headache)

—Wl LEY 110f11

Final outcome
after withdrawal

Taking the study
medications
from PCP.

Taking U-500
insulin.

She continues
to take the
same study
medication
through PCP.

Withdrew
from study
after 3 weeks.
Complete
resolution of
symptoms after
stopping study
medications.



